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Construction and 
Testing Summary Report 

Class I Injection Well System, 
KLWTD, Key Largo, Florida 

Summary 

This document provides the construction and testing results of the Class I injection well 
(IW1) and associated Floridan-aquifer, dual-zone deep monitor well (MW1) at the Key 
Largo Wastewater Treatment Plant (WWTP) in Key Largo, Monroe County, Florida. A 
site location map and a site layout showing the location of the injection well system are 
presented as Figure 1 and Figure 2, respectively. 

IW1 has been designed and constructed as a municipal injection well with the capacity 
to accept up to 5.75 million gallons per day (mgd) of advance-treated domestic 
wastewater effluent from the Key Largo WWTP. IW1 was constructed with a nominal 
16-inch outside diameter (0.11), Fiberglass Reinforcement Plastic (FRP) injection 
tubing installed to 2,735 feet below pad level (bpl). The total depth of IW1 is 3,604 feet 
bpl. The construction detail for IW1 is included in Figure 3. Please note that all depth 
references from pad level in this report are based from the temporary drilling pad level 
during construction that was set at an elevation of 5.30 feet North American Vertical 
Datum, 1988 (NAVD 88). 

A dual-zone, deep monitor well (MW1) was constructed to monitor for potential upward 
migration of fluids injected into IW1. The upper monitor zone (from 1,460 feet to 1,494 
feet bpl) was installed immediately below the lowermost regional Underground Source 
of Drinking Water (USDW), the interface defined by the depth at which the total 
dissolved solids (TDS) concentration of the formation water exceeds 10,000 milligrams 
per liter (mg/L). The lower monitor zone (from 1,650 feet to 1,702 feet bpl) was 
installed in a sufficiently transmissive interval below the USDW. The MW1 construction 
detail also is included in Figure 3. 

Construction and testing of the wells were performed in accordance with Chapter 62- 
528, Florida Administrative Code (FAC), the recommendations of the Underground 
Injection Control (UIC) Technical Advisory Committee (TAC), and the provisions of 
Florida Department of Environmental Protection (FDEP) Construction Permit No. 
272762-001-UC/M1. A copy of the construction permit is provided in Appendix A. IW1, 
MW1 and associated appurtenances were constructed in accordance with the contract 
documents for the work ("Technical Specifications — KLWTD Injection Well No. 1, 
November 2008"), which were prepared by ARCADIS. 

Youngquist Brothers, Inc. (Contractor) began construction of IW1 in November 2008. 
The construction of IW1 was completed in March 2009, and the Contractor then 
mobilized to the MW1 location. Construction and testing of both IW1 and MW1 were 
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Construction and 
Testing Summary Report 

Class I Injection Well System, 
KLWTD, Key Largo, Florida 

completed in May 2009. A summary of the construction and testing activities is 
presented as Table 1. 

Findings 

The results of the construction and testing of IW1 and MW1 led to the following 
conclusions: 

• A USDW is present at this location within the confined Upper Floridan Aquifer, 
with the base of the lowermost regional USDW located at approximately 1,450 
feet bpl. A USDW was not identified in the Surficial Aquifer System. 

• The primary confining interval above the injection zone occurs between 
approximately 1,575 feet and 2,816 feet bpl. The top of the uppermost 
injection zone is located at approximately 2,956 feet bpl. 

• As determined by packer-test analysis, the maximum, minimum and mean 
estimated horizontal hydraulic conductivities of the intervals tested within 
primary confining units are approximately 8.42x10-4, 3.37x10 and 2.35x10 • 
centimeters per second (cm/sec), respectively. 

• As determined by core analyses, the mean horizontal and vertical hydraulic 
conductivities of the primary confining interval (between 1,575 feet and 2,816 
feet bpl) are 4.24x10 cm/sec and 3.60x10 cm/sec, respectively. 

• Based on geophysical logging results, two injection zones are present, an 
upper zone which is interpreted to be less productive located between 2,956 
feet and 2,990 feet bpl and a lower more productive zone between 3,415 and 
3,539 feet bpl. 

• The average horizontal hydraulic conductivity of the combined injection zone is 
approximately 705 gallons per day per square foot (gpd/ft2), which is 
sufficiently transmissive to accept a maximum sustained injection rate of 
approximately 6.48 mgd (4,500 gpm) without exceeding the current maximum 
allowable injection wellhead pressure of 104 pounds per square inch (psi). 

• A "breakaway" in injection heads above flows of approximately 4.32 mgd 
(3,000 gpm) was observed, due primarily to increased formation losses. For 
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this reason, to ensure a more energy efficient operation, routine injection flows 
up to 3,000 gpm are recommended with operation at higher peak flows only 
when required. 

• IW1 and MW1 have mechanical integrity based on cement-bond logging, 
video surveying, hydrostatic pressure testing, high-resolution temperature 
logging and radioactive tracer survey (RTS) testing. 

IglaiplcIEds1aproJectsW4 projects11560C0-key logo lwWins! construction 8 testing reporalfttd =Isla testing reporldoot 3 

Construction and 
Testing Summary Report 

Class I Injection Well System, 
KLWTD, Key Largo, Florida 

this reason, to ensure a more energy efficient operation, routine injection flows 
up to 3,000 gpm are recommended with operation at higher peak flows only 
when required. 

IW1 and MW1 have mechanical integrity based on cement-bond logging, 
video surveying, hydrostatic pressure testing, high-resolution temperature 
logging and radioactive tracer survey (RTS) testing. 

\\flflf^^ddfl̂ a^JluJ^c^s^w^vrf proJectaiSflOOO^ay laigo lw1\Hnal constnjdion a tedlng fBporfWwtd cond a testing report-docx 



Construction and 
Testing Summary Report 
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Data Collection Methods and Results 

During well construction, data were collected and interpreted to determine the geologic 
and hydrogeologic characteristics of the strata intercepted by the boreholes. These 
data were then used to determine the optimal subsurface design of IW1 and MW1. 
Data also were collected to ensure both wells were being constructed in accordance 
with the technical specifications and that regulatory requirements were met. Data- 
collection methods and results are described below. Daily construction and testing 
activities were recorded in daily logs and compiled by onsite field personnel during the 
construction period. As required by the construction permit, weekly construction 
progress reports were prepared (by ARCADIS) and submitted to FDEP and TAC 
members. A summary of the events described in the construction progress reports is 
provided in Table 1. Weekly construction reports submitted to FDEP and TAC are 
included electronically in Appendix F. 

FDEP approval was required prior to performing certain phases of construction. These 

construction phases are as follows: 

• Setting the 28-inch O.D. intermediate casing in IW1 

• Setting the nominal 16-inch O.D. FRP injection casing in IW1 

• Setting the upper and lower monitor zones in MW1 

• Performing the injection test 

Reports requesting approval of the above stated construction phases were previously 
submitted to FDEP during construction. The text portions of these reports are included 
electronically in Appendix F. 

Pilot-Hole Construction and Testing 

Pilot holes were constructed when drilling IW1 and MW1, and the data collected during 

the drilling and testing of the pilot holes provided information that assisted with the final 
design of the wells. Methods used to collect data during pilot-hole construction and 
testing and the results obtained are described below. 

Lithology and Drilling Conditions 

During pilot-hole drilling for both IW1 and MW1, drilled cuttings were collected at 10- 
foot depth intervals, described by an onsite (ARCADIS) geologist and summarized in 
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geologic logs. Included with the lithologic descriptions are drilling conditions such as 
revolutions per minute (RPM) and weight on the bit (WOB). The lithologic summaries 
(Geologic Logs) and drilling penetration charts for IW1 and MW1 are provided in 
Appendix B. A description of the major geologic and hydrogeologic units encountered 
during pilot-hole drilling is included in this report under the section titled, "Geology and 
Hydrogeology". The units also are shown in Figures 3, 4 and 5. 

Pilot-Hole Water Quality 

Water-quality sampling of reverse-air discharge was performed during pilot-hole drilling 
in both IW1 and MW1. In IW1, sampling was initiated at 1,100 feet bpl and terminated 
at 2,760 feet bpl. Samples were collected at 30-foot intervals, and between 1,100 feet 
and 1,750 feet bpl, at drill pipe connections. In MW1 sampling was performed from 
1,100 feet to 1,755 feet bpl, and samples were collected at intervals between 12 feet 
and 38 feet. Water samples were analyzed in the field for temperature, conductivity 
and chloride concentrations. The reverse-air discharge water-quality summary for IW1 
and MW1 is presented as Table 2. Associated chloride and conductivity plots for both 
IW1 and MW1 are included in Appendix B. 

Pilot-hole water quality reflects a mixture of re-circulated drilling fluids consisting of 
formation water and freshwater from the drilling-fluid storage tanks. This generally 
results in muted changes in pilot-hole water quality with depth. Therefore only general 
water quality trends can be interpreted, with the most reliable water quality samples 
obtained from packer test intervals. 

The chlorides and conductivity trends in IW1generally are similar to the trends for 
MW1, providing confidence that the trends are reliable and locally representative. The 
results from the IW1 pilot-hole water quality sampling indicate the following: 

• Between 1,100 and 1,190 feet bpl: Water quality remains stable with chloride 
concentrations between 160 and 180 milligrams per liter (mg/L) and 
conductivity between 826 and 901 micro Siemens per centimeter (µS/cm). 
This suggests that the primary contributor to the water quality was freshwater 
from the drilling—fluid storage tank, i.e. this zone did not contribute to fluid 

circulation. 

• Between 1,190 and 1,352 feet bpl: A sharp increase in concentrations of 
chloride (to 3,500 mg/L) and conductivity (to 10,040 µS/cm) is observed, 
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indicating the ratio of formation water to freshwater (used for drilling 
circulation) increased with depth resulting in an increasing salinity trend. 

• Between 1,350 and 1,740 feet bpl: A gradual step-wise increase in chloride 
concentration and specific conductance values are observed, with chloride 
concentrations up to 4,500 mg/L and conductivity near 13,0001.LS/cm. 

• Between 1,740 and 2,520 feet bpl: Much greater variations in salinity are 
observed. An initial increase in salinity is observed, with a peak in salinity 
measured at 1,920 feet bpl (chloride concentration 7,500 mg/L and 
conductivity 21,800 4/cm), before a reduction in salinity is measured. The 
very low salinity measured at 2,190 feet bpl (chloride concentration 1,000 mg/L 
and conductivity 2,160 µS/cm) coincides with the interval when freshwater was 
added to the circulation. Between 2,220 and 2,310 feet bpl a dramatic 
increase in salinity is observed, with a maximum chloride concentration of 
15,000 mg/L and conductivity of 44,300 AS/cm. This salinity peak is attributed 
to the saline mix which was introduced during drilling in order to suppress flow 
from well. This interval is part of a large confinement zone, practically not 
contributing fluids to drilling circulation, with water quality being greatly 
influenced by the factors discussed above. 

• Between 2,520 and 2,760 feet bpl: Water quality remains practically stable, 
with chloride concentration averaging 6,000 mg/L and conductivity values 
around 17,000 uS/cm. 

The results from the MW1 pilot-hole water quality sampling indicate the following: 

• Between 1,100 feet and 1,280 feet bpl: An increasing trend in chloride 
concentrations (from 200 to 2,500 mg/L) and conductivity (from 1,204 to 6,530 
1.1S/cm was observed. It is likely that the ratio of formation water to freshwater 
(used for drilling circulation) increased with depth resulting in an increasing 
salinity trend. 

• Between 1,280 feet and 1.460 feet bpl: Concentrations in chloride and 
conductivity continued to increase, but the trend was slightly less than the 
interval above. Chloride concentrations increased from 2,500 mg/L to 3,500 
mg/L, and conductivity increased from 6,530 µS/cm to 8,780 µS/cm. A slight 
decrease in conductivity (from 9,310 µS/cm to 8,780 µS/cm) was observed 
between 1,443 feet and 1,460 feet bpl. The sample at 1,443 feet bpl was 
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indicating the ratio of formation water to freshwater (used for drilling 
circulation) increased with depth resulting in an increasing salinity trend. 
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concentrations up to 4,500 mg/L and conductivity near 13,000 |iS/cm. 
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measured at 1,920 feet bpl (chloride concentration 7,500 mg/L and 
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15,000 mg/L and conductivity of 44,300 ̂ S/cm. This salinity peak is attributed 
to the saline mix which was introduced during drilling in order to suppress flow 
from well. This inten/al is part of a large confinement zone, practically not 
contributing fluids to drilling circulation, with water quality being greatly 
influenced by the factors discussed above. 

• Between 2.520 and 2.760 feet bpl: Water quality remains practically stable, 
with chloride concentration averaging 6,000 mg/L and conductivity values 
around 17,000 uS/cm. 

The results from the MW1 pilot-hole water quality sampling indicate the following: 

• Between 1.100 feet and 1.280 feet bpl: An increasing trend in chloride 
concentrations (from 200 to 2,500 mg/L) and conductivity (from 1,204 to 6,530 
\iSlcm was observed. It is likely that the ratio of fonnation water to freshwater 
(used for drilling circulation) increased with depth resulting in an increasing 
salinity trend. 

• Between 1.280 feet and 1.460 feet bpl: Concentrations in chloride and 
conductivity continued to increase, but the trend was slightly less than the 
interval above. Chloride concentrations increased from 2,500 mg/L to 3,500 
mg/L, and conductivity increased from 6,530 nS/cm to 8,780 nS/cm. A slight 
decrease in conductivity (from 9,310 ^S/cm to 8,780 jiS/cm) was observed 
between 1,443 feet and 1,460 feet bpl. The sample at 1,443 feet bpl was 
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collected at a drill pipe connection where fluid from the drill stem was allowed 
to flow for a few minutes. For this reason, the sample result at 1,443 feet bpl 
was likely more representative of formation waters than the sample result at 
1,460 feet bpl. It should be noted that based on packer testing and 
geophysical logging, the base of the USDW appears to be located at a depth 
of approximately 1,450 feet bpl. 

• Between 1,460 feet and 1,640 feet bol: An increasing trend is observed in 
conductivity concentrations (from 8,780 µS/cm to 12,900 µS/cm). Chloride 
concentrations remain stable between 1,460 feet 1,578 feet bpl at 3,500 mg/L, 
but increase to 4,500 mg/L between 1,578 feet and 1,640 feet bpl. 

• Between 1,640 feet and 1,700 feet bpl: Concentrations in chloride and 
conductivity generally remained stable. Chloride concentrations remained at 
4,500 mg/L and conductivity concentrations ranged between 12,840 µS/cm 
and 12,900 4/cm. 

■ Between 1,700 feet and 1,755 feet bol: An increase in chloride and 
conductivity concentrations was observed with a significant increase between 
1,700 feet and 1,713 feet bpl. It should be noted that the pilot hole was 
extended an additional 55 feet (from 1,700 feet to 1,755 feet bpl) after 
performing packer tests 7 through 10. It is likely that a significant portion of the 
reverse-air circulation fluids used to drill this portion of the pilot hole originated 
from formation waters within the packer test intervals. These waters are 
significantly more saline than freshwater typically used during reverse-air 
drilling. It is interpreted that this was the primary reason for the abrupt water- 
quality change. 

Based on the chloride and conductivity data from MW1 and IW1 (and data from packer 
testing), the base of the lowermost USDW is located at approximately 1,450 feet. 

Geophysical Logging 

Geophysical logging was performed in the pilot-hole intervals of both IW1 and MW1 to 
correlate drill cuttings and core samples collected during drilling, to correlate vertical 
offsets between IW1 and MW1, to identify formation boundaries and to obtain specific 
geologic and hydrogeologic data pertaining to the subsurface formations. These data 
were then used to assist in the selection of the optimum casing setting depths, 
determine packer-testing intervals and assist in identifying transmissive and confining 
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intervals. Reamed-hole caliper logs were performed prior to casing installation to 
confirm borehole geometry, casing setting depths and provide data for use in 
calculating theoretical casing-cementing volumes. 

Summaries of the geophysical logs performed in IW1 and MW1 are provided as Table 
3. Copies of the geophysical logs are enclosed in Volume II, and electronic copies of 
these logs are included in Appendix F of this report. Borehole televiewer logs were 
performed in pilot-hole intervals of IW1 between 1,050 feet and 1,737 feet bpl and 
between 1,724 feet and 3,693 feet bpl. Electronic copies of the borehole televiewer 
logs are included in Appendix F. 

Detailed interpretations of the geophysical logs previously were provided in the 
documents listed below. The text portions of these documents are included 
electronically in Appendix F. 

Document Title Date Depth Intervals Logged 

28-inch Diameter, Intermediate Casing Seat 

Recommendation 
December 2008 IW1: 0 —1,746 feet bpl 

Request for Approval of Final Casing-Setting 

Depth of Proposed Injection Well IW1 
February 2009 IW1: 1,746 — 3,693 feet bpi 

Request for Approval of Dual-Zone Deep 

Monitor Well MW1, Upper and Lower Zones 
April 2009 MW1: 0 —1,702 feet bpl* 

Injection Test Request May 2009 IW1: 0-3,604 feet bpl 

* Following logging in the pilot hole of MW1, FDEP requested that the pilot hole be extended further to 

confirm the potential for a lower monitor zone. As requested the pilot hole was extended from 1,700 to 

1,755 feet bpl. Additional logging between 1,700 feet and 1,755 feet bpl was not performed. 

Coring 

Five rock cores were retrieved between 1,729 feet and 2,197 feet bpl during pilot-hole 
drilling in IW1. The rock-core intervals were selected by the ARCADIS onsite geologist 
based on evaluation of the drill-cutting samples and observation of drilling conditions. 
The rock cores were first described onsite and then select sections of the rock cores 
were sent to "Ardaman & Associates, Inc. - Geotechnical Testing Laboratory' (Fort 
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Myers, FL) for analyses of horizontal and vertical hydraulic conductivity, porosity, 
specific gravity, Young's Modulus and Archie cementation exponent and compressive 
strength. A graphical summary of the coring intervals is included in Figure 4. Core 
descriptions and core-analysis reports are included in Appendix C. A summary of the 
results from the rock-core analyses is provided as Table 4. 

The core analytical data (with packer-pumping test data) were utilized to assess the 
potential degree and extent of confinement between the injection zone (at 2,956 feet 
bpl) and the lowermost regional USDW (located at approximately 1,450 feet). All five 
rock cores were collected within the primary confining interval (between 1,575 feet and 
2,816 feet bpl). As determined by core analyses, the mean horizontal and vertical 
hydraulic conductivities of the primary confining interval are 4.24x10 cm/sec and 
3.60x10 cm/sec, respectively. 

Packer Testing 

Six packer tests were conducted in IW1 between 1,297 feet and 2,622 feet bpl (packer 
tests 1 through 6), and five packer tests were conducted in MW1 between 1,434 feet 
and 1,755 feet bpl (packer tests 7 through 11). These tests were performed to 
determine the water quality and hydrologic properties of the test intervals. 

The majority of the packer tests utilized a straddle-packer assembly, and the test 
intervals were based on the depths of the packer element centerlines. Packer tests 1, 
7 and 11 utilized a single packer; the upper packer test boundary was based on the 
single packer element centerline and the lower test boundary was the base of the pilot 
hole. 

Prior to conducting each packer test, the packer assembly (either single or straddle 
packer) was installed and the packer element(s) were inflated to isolate the selected 
interval. Each interval then was pumped (developed) for a specified period of time 
while monitoring field water-quality parameters (conductivity, temperature and chloride 
concentrations). After development, the water level (or pressure head) was allowed to 
recover for a specified period of time. 

Following water level recovery after development, the pump was turned back on, and 
the pumping portion of each test began. The one exception was packer test 11, where 
only development and recovery after development were performed and recorded. For 
each test the totalizer on the calibrated flow meter was used to measure total flow 
volume and flow rate. During tests with low pumping rates, a 1-gallon container and a 
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stopwatch was used to confirm the accuracy of the flow meter. During testing, water 
levels were measured using a pressure transducer installed inside the drill pipe and 
recorded on a data logger. Just prior to terminating the pumping portion of each test, a 
final water sample was collected for laboratory analysis and a separate sample was 
collected for submittal to Florida Geological Survey (Hydrogeology Administrator) in 
Tallahassee. The recovery portion of each test began when the pump was shut off. 
Water levels were measured during the recovery portion of each test for a specified 
period of time. 

Water-level drawdown (pumping portion data) and recovery data were used to 
estimate the horizontal hydraulic conductivity and transmissivity of each test interval. 
These estimates assisted in establishing the boundaries of the confining unit and 
injection zone. A summary of the hydraulic conductivity estimates from packer testing 
is presented as Table 6. 

Packer tests 3, 4, 5, 6, 7 and 11 were performed within the confining unit. Packer test 
11 was performed after extending the pilot hole in MW1 from 1,700 to 1,755 feet bpl as 
directed by FDEP. The reason for extending the pilot hole was to further investigate 
whether a suitable lower monitor zone was present below 1,700 feet bpl; allowing 
greater separation between the upper and lower monitor zones. Further discussion of 
packer test 11 can be found in Appendix F (monitor zones recommendation) 

The maximum, minimum and mean estimated horizontal hydraulic conductivities of the 
intervals tested within the primary confining units are approximately 8.42x10, 
3.37x10 and 2.35x10 cm/sec, respectively. By comparison, the mean hydraulic 
conductivities from analyses of the rock cores within the primary confining unit, were 
approximately 2 orders of magnitude less than the packer-test conductivities. Due to 
the very low flow rates and the estimated pumping time required for water levels to 
stabilize, it was not practical to adequately perform the tests for accurately estimating 
horizontal hydraulic conductivities. Thus, the estimated horizontal hydraulic 
conductivity values reported in Table 6 represent the probable "maximum" horizontal 
hydraulic conductivity for each interval tested 

Final water samples were analyzed by a state certified lab for parameters including 
ammonia-nitrogen, specific conductance, chloride, total phosphorus, sulfate, TDS, total 
Kjeldahl nitrogen (TKN), and pH to verify the USDW boundary and to establish the 
background water quality of each test interval. A graphical summary of the packer 
testing program is included in Figure 4. A summary of the water-sample analytical 
results from packer testing is presented as Table 5. Packer test water-quality 
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summaries and charts are included in Appendix C, and electronic packer-test 
transducer data and laboratory analytical reports for each test are included in 
Appendix F. 

Well Construction and Testing 

Data were collected during the construction and testing of both IW1 and MW1 to 
ensure that both wells were being constructed in accordance with the technical 
specifications and FAC regulatory requirements. The well construction details, 
including the type, diameter, and setting depth of each casing (or tubing) string for IW1 
and MW1 are presented as Figure 3. Casing mill certificates for IW1 and MW1, with 
Fiberglass Reinforced Plastic (FRP) tubing-product sheets for both wells have been 
scanned and are included electronically in Appendix F. The data-collection methods 
used during the construction and testing of both wells, and the results obtained are 
described below. 

Shallow Pad Monitor Wells 

Four shallow containment-pad monitor wells were installed near the northeast and 
southeast corners of the IW1 drilling pad and the northwest and southwest corners of 
the MW1 drilling pad. Wells were constructed to depths ranging between 14 feet and 
16 feet below land surface with 5 feet of 2-inch diameter, Schedule 40 polyvinyl 
chloride (PVC) casing attached to 10 feet of 2-inch diameter, 0.020-inch slot, threaded 
PVC screen. 

Following installation of the monitor wells, samples were collected from each well and 
analyzed to establish background water quality prior to beginning construction of IW1. 
Two additional separate samples were taken, with the last sample taken on November 
23, 2008. 

All field analyses confirmed the presence of highly brackish water, with salinities as 
measured by TDS greater than 10,000 mg/L, indicating that the Surficial Aquifer is not 
a USDW. Typically shallow pad monitor wells are sampled weekly during construction 
of a Class I injection well system to ensure brackish (non USDW) water encountered 
during drilling is not accidently spilled to a surface aquifer that is a USDW. Because 
the shallow groundwater at the site is not a USDW, a request to discontinue sampling 
was submitted to and subsequently approved by FDEP. 
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The results of the pad monitor-well water sampling were included in the corresponding 
Weekly Construction Progress Reports (Reports 1 and 2). A summary of the pad 
monitor wells water quality, a site map showing the location of the wells and well 
completion reports are included in Appendix D. 

After completing construction and testing of IW1 and MW1, a request to plug and 
abandon the monitor wells was submitted to FDEP on July 16, 2009 and was approved 
on the same day. On July 20, 2009, the Contractor properly plugged and abandoned 
all four monitor wells. 

Inclination Surveys 

Inclination surveys were performed by the Contractor on IW1 and MW1 at 90-foot 
intervals during pilot-hole drilling and reaming operations. Inclination surveys were 
performed to ensure that all casings could be set to the required depths with sufficient 
annular space for proper cementing. The maximum allowable inclination from vertical 
at any portion of a hole was 1.0 degree. The maximum allowable difference between 
any two successive survey points was 0.5 degree. 

During construction of IW1 and MW1, all inclination surveys met the above criteria. 
The maximum deviation (1.0 degree) in IW1 was observed during pilot hole drilling at a 
depth of 720 feet bpl and the maximum deviation (0.80 degree) in MW1 was observed 
at a depth of 1,620 feet bpl. The maximum difference between any two successive 
survey points (0.5 degree) in IW1 was observed at a depth of 720 feet and 810 feet 
bpl, and the maximum difference (0.5 degree) in MW1 was observed at a depth of 
1,440 feet bpl. Summaries of inclination survey results for IW1 and MW1 are 
presented in Tables 7 and 8, respectively. 

Cement-Top Temperature Logs 

Temperature logs were performed after each casing cementing stage (where cement 
returns were not observed at surface). The top of the cement for each stage was 
estimated from the results of each temperature log (temperature increases indicate the 
heat released from curing cement). The top of cement also was physically tagged after 
each cementing stage, just prior to the next cementing event, using steel cement 
tremie pipe inserted inside the annulus. The estimated depth of the top of cement from 
the temperature log was compared to the physical tag depth (for each stage) to ensure 
that the formation did not collapse and fall on top of the cement (resulting in cement 
voids or un-cemented annular sections). 
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There was a good correlation between the tagged depth for the top of cement and the 
estimated depth of the top of cement as inferred from the temperature log of each 
cement stage for IW1 and MW1. "Cement top" temperature logs for IW1 and MW1 are 
provided in Volume II of this report and electronic copies of these logs are included in 
Appendix F of this report. Summaries of the cement stages for IW1 and MW1 are 
presented as Tables 9 and 10, respectively. 

Demonstration of Mechanical Integrity 

As part of the Key Largo WWTF injection well system construction and testing 
program, the following testing and logging were performed to demonstrate that both 
IW1 and MW1 have mechanical integrity: 

• Cement-bond log in the 16-inch diameter FRP injection tubing of IW1 

• Cement-bond log in the lower monitor zone FRP tubing of MW1 prior to and 
after cementing 

• Video survey in the 16-inch diameter FRP injection tubing and open hole of 
IW1 

• Video survey in the lower monitor zone FRP tubing and open hole of MW1 

• Hydrostatic pressure test in the 16-inch diameter FRP injection tubing of IW1 

• Hydrostatic pressure test of the lower monitor zone FRP tubing of MW1 

• High resolution temperature log in the 16-inch diameter FRP injection tubing 

and open hole of IW1 

• Radioactive tracer survey (RTS) in the completed IW1 

Discussions and supporting documentation of the logging and testing noted above are 
included in a technical memorandum in Appendix D. Copies of the cement bond log, 
high resolution temperature log, and RTS log plots are included in Volume II of this 
report, and electronic copies of these logs are included in Appendix F. DVDs of the 
video surveys also are included in Volume II of this report. As noted in the technical 
memorandum based on the logging and testing noted above, both IW1 and MW1 have 

mechanical integrity. 

WlarpIrlatalaprojedaWvi projects11560:04ary largo lwItnal axatniction & testig reporNdv.td wrist & toeing world= 13 

There was a good con-elation between the tagged depth for the top of cement and the 
estimated depth of the top of cement as inferred from the temperature log of each 
cement stage for IW1 and MW1. "Cement top" temperature logs for IW1 and MW1 are 
provided in Volume II of this report and electronic copies of these logs are included in 
Appendix F of this report. Summaries of the cement stages for IW1 and MW1 are 
presented as Tables 9 and 10, respectively. 

Demonstration of Mechanical Integrity 

As part of the Key Largo WWTF injection well system construction and testing 
program, the following testing and logging were performed to demonstrate that both 
IW1 and MW1 have mechanical integrity: 

• Cement-bond log in the 16-inch diameter FRP injection tubing of IW1 

• Cement-bond log in the lower monitor zone FRP tubing of MW1 prior to and 
after cementing 

• Video survey in the 16-inch diameter FRP injection tubing and open hole of 
IW1 

• Video survey in the lower monitor zone FRP tubing and open hole of MW1 

• Hydrostatic pressure test in the 16-inch diameter FRP injection tubing of IW1 

• Hydrostatic pressure test of the lower monitor zone FRP tubing of MW1 

• High resolution temperature log in the 16-inch diameter FRP injection tubing 
and open hole of IW1 

• Radioactive tracer survey (RTS) in the completed IW1 

Discussions and supporting documentation of the logging and testing noted above are 
included in a technical memorandum in Appendix D. Copies of the cement bond log, 
high resolution temperature log, and RTS log plots are included in Volume II of this 
report, and electronic copies of these logs are included in Appendix F. DVDs of the 
video surveys also are included in Volume II of this report. As noted in the technical 
memorandum based on the logging and testing noted above, both IW1 and MW1 have 
mechanical integrity. 

Construction and 
Testing Summary Report 

Class I Injection Well System, 
KLWTD, Key Largo, Florida 

\\Sef|«dsta\ai>Djectd\M\»< projeddtseoOMcay laigo IwlMinal constnicbon i lading lepoitUdviU const i testing repoitdocx 13 



Construction and 
Testing Summary Report 

Class I Injection Well System, 
KLWTD, Key Largo, Florida 

Injection Test Water Source 

Prior to the injection test, Key Largo Wastewater Treatment District (KLWTD) 
completed construction of the three Sequencing Batch Reactor (SBR) tanks and the 
Post-Equalization tank as part of the wastewater treatment plant expansion as seen in 
Figure 2. The timing of this construction was intentionally phased so that potable 
water from Florida Keys Aqueduct Authority (FKAA) could be pumped into the tanks to 
provide a source of water for the injection test. Immediately prior to the injection test, 
this water also was used to test the integrity of the newly constructed tanks, which 
meant a more environmentally responsible use of the potable water. 

In accordance with permit requirements, a water quality analysis performed by FKAA in 
2008, which included parameters listed as Florida Primary and Secondary Drinking 
Water Standards and "municipal minimum-criteria" parameters, was used to 
demonstrate the quality of water used for the injection test. A copy of this analysis is 
included electronically in Appendix F. 

IW1 and MW1 Final Water Quality Results 

A water quality sample was collected from the IW1 injection zone on March 2, 2009. 
IW1 was developed by pumping from the well until field parameters stabilized prior to 
collecting the final sample. The sample was analyzed for parameters listed as Florida 
Primary and Secondary Drinking Water Standards and "municipal minimum-criteria" 
parameters, and the analytical report is included electronically in Appendix F. 

Water quality samples from MW1 were collected from the lower monitor zone on May 
6, 2009 and in the upper monitor zone, on May 7, 2009. The upper and lower monitor 
zones were developed by pumping water until field parameters stabilized prior to 
collecting the final samples. The samples were analyzed for parameters listed as 
Florida Primary and Secondary Drinking Water Standards and "municipal minimum- 
criteria" parameters and the analytical reports are included electronically in Appendix 
F. 

Injection Testing 

An injection test was performed in IW1 to demonstrate the ability of the injection well to 
accept fluid, to test the effectiveness of the confining units between the injection zone 
and the monitoring zones, and to determine the well hydraulics so that appropriate 
injection well pumps could be selected. 
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By May 18, 2009, the Contractor had completed preparations for the injection test and 
on that day a short preliminary injection test was completed. Preliminary testing was 
performed to ensure instrumentation was operating correctly, to ensure there were no 
leaks in the injection test piping, and to obtain preliminary data on the injection well 
hydraulics so that appropriate pump settings could be determined in advance. During 
the preliminary testing, four incremental injection rates of 1,250, 3,000, 5,000 and 
5,400 gpm were sustained for individual durations between 15 and 30 minutes, with a 
maximum wellhead pressure at IW1 of 98 psi. 

Following preliminary testing, but prior to starting the injection test, the "background" 
wellhead pressure at IW1, the background pressures at the upper and lower 
monitoring zones of MW1, and barometric pressure changes, were monitored with 
pressure transducers for approximately 43 hours to determine baseline conditions. 
The Contractor began the injection test on May 20, 2009 at 07:00 a.m. The duration of 
the injection test was 13 hours, with a total of 3,303,500 gallons of potable water 
injected into IW1. A further period of water level recovery measurement was then 
undertaken following injection. 

Prior to testing, a testing plan was carefully designed, and agreed with FDEP, using 
different flow rates and durations so as to meet all test objectives, while also taking into 
account the available freshwater that could be stored and recovered from the three 
SBR tanks (calculated to be 4.0 million gallons [MG]). Incremental step injection rates 
of 1,600 and 3,200 gpm for a total of 60 minutes each (steps 1 and 2), followed by an 
extended injection rate of 5,138 gpm for a minimum of 8 hours (step 3), and finally a 
maximum injection rate of 5,508 gpm for a duration of 120 minutes (step 4) at the 
maximum permitted test rate of 7.93 million gallons per day (MGD) was proposed. 

Due to conditions encountered in the field, modifications had to be made during testing, 
in particular test steps 3 and 4 were performed at different injection rates and durations 
than originally proposed. These changes were made in concurrence and consultation 
with FDEP and KLWTD representatives..The actual injection test was performed as 
follows; 

• Step 1: For the first hour of injection (7:00 am to 8:00am) an average flow rate 
of 1,567 gpm was maintained with a wellhead pressure at IW1 of 46.7 psi. 

• Step 2: During the second hour (between 8:00 am and 9:00 am) an average 
flow rate of 3,184 gpm was maintained with a wellhead pressure at IW1 of 
61.5 psi. 
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• Step 3: During the third hour the injection rate was increased to 5,100 gpm. 
This rate was maintained for approximately 30 minutes, with an initial injection 
pressure of approximately 88 psi. However due to steady increases in 
injection well head pressures from 88 to 94 psi, and reducing suction heads as 
the SBR tank levels dropped, sustained injection at this rate could not be 
achieved and some fluctuations in injection rates occurred after this time. 
Adjustments to the gate valve were made, but higher rates could not be 
achieved without changing the pump speed. This would have required a short 
stop in pumping to change gears on the diesel pump, with no guarantee that 
the increased pump speed could have sustained a higher injection rate. 
Therefore after three hours of testing, the decision was made to reduce the 
injection rate rather than continue testing for 8 hours as originally planned. The 
average injection rate between hours 2 and 5 (9:00 am and 12:00pm) was 
4,947 gpm with a wellhead pressure at IW1 of 94 psi. 

• Step 4: Between hours 5 and 13 (12:00pm to 8:00pm) the injection rate was 
reduced to approximately 4,500 gpm, and generally remained stable for the 
remainder of the test. The average flow rate during the 8 hours was 4,432 
gpm, with a wellhead pressure at IW1 of 85 psi. 

• Recovery: At 8:00 pm, the Contractor turned the pump off after 13 hours of 
pumping and the recovery portion of the injection test began. Almost 
instantaneously, wellhead pressure at IW1 dropped to approximately 40.6 psi, 
within 7 psi of background levels. Wellhead pressure fully returned to 
background levels on May 24, 2009 after almost 88 hours of recovery. On May 
26, 2009 (after approximately 132 hours of recovery), the Contractor stopped 
collecting data and completed the recovery portion of the test. 

During testing, no significant changes in pressure from "background" levels in the 
upper and lower monitor zones were observed due to injection into IW1, indicating that 
the injection of more than 6.4 mgd does not affect the pressures of the MW1 monitor 
zones. The pressure transducer readings from the upper and lower monitor zones of 
MW1 remained stable with pressure fluctuations in the upper zone a maximum of 0.19 
psi and pressure fluctuations in the lower zone a maximum of 0.07psi. These minor 
fluctuations throughout the background, testing and recovery periods appear to 
correspond to changes in barometric pressure and tide (see Figures E-3 through E-6 in 
Appendix E). This supports the interpretation that the monitor zones are isolated 
from the injection zone by one or more suitable, overlying confining intervals, per 
Chapter 62-528, FAC requirements. 
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Test results do indicate however that there are changes in well performance at different 
injection rates. Figure 6 plots calculated specific injectivity in gpm per foot of water 
level change for each of the different injection steps against elapsed time from the start 
of each step. Note, pressure change corrections for each step due to cumulative 
impacts of the previous test step were not undertaken, but given the very rapid 
pressure recovery observed after testing, these corrections if applied are likely to have 
negligible effect. 

In summary, step 1, undertaken at an average injection rate of 1,567 gpm, has a 
specific injectivity of 60 gpm/ft. However as injection rates increased, reductions in 
specific injectivities were observed, with a specific injectivity of 36 gpm/ft at the highest 
test rate of 4,976 gpm (step 3). 

Some decline in specific injectivity at increased injection rates is to be expected due to 
increased friction losses as flow velocities increase, i.e. head losses in the injection 
casing are greater. However, as more clearly shown in Figure 7, which plots injection 
pressure against injection rate, at injection rates above approximately 3,000 gpm a 
distinct change in well performance occurs. Note, the data obtained during preliminary 
testing, also plotted on the same figure, shows the same behavior. 

Friction loss for the injection casing at different injection rates (using a Hazen-Williams 
roughness factor of 150), have been calculated and have been used to then calculate 
approximate formation loss. Formation loss has been plotted in Figure 7 and this 
analysis clearly shows that the reason for a more significant increase in injection 
pressures and reduction in specific injectivity at injection rates above 3,000 gpm is due 
primarily to increased head losses in the injection zone. For example, at 2,000 gpm 
the calculated injection pipe (casing) friction loss is approximately 3.1 psi, while the 
pressure increase in the injection zone is estimated at 12.4 psi. At 4,000 gpm the 
calculated injection pipe friction loss is approximately 10.9 psi, while the pressure 
increase in the injection zone is estimated at 31.1 psi. 

This "breakaway" in injection heads above flows of approximately 4.32 mgd (3,000 
gpm) makes it a little more challenging for the injection pump design. To ensure a 
more energy efficient operation, routine injection flows below 3,000 gpm is 
recommended with operation at higher peak flows only when required. 

The hydraulic conductivity of the injection zone has been approximated using a method 
outlined by Turcan (1963). Based on the estimated formation back-pressure increase 
of 35.5 psi (and assuming an injection-fluid pressure gradient of approximately 2.31 
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feet per psi) and an average pumping rate of 4,432 gpm, a specific injectivity of 38.0 
gpm/foot was estimated for the injection zone. Assuming an aquifer thickness of 158 
feet (estimated thickness of the two injection zones), the average horizontal hydraulic 
conductivity of the injection zone can be estimated at 705 gallons per day per square 
foot (gpd/ft2). 

Despite the changes in well performance observed, the collected data still 
demonstrates that the section of the "Boulder Zone" penetrated by the open hole of 
IW1 is sufficiently transmissive to accept a sustained injection rate of approximately 
6.48 mgd (4,500 gpm). This determination has been made assuming a maximum 
allowable injection wellhead pressure of 104 pounds per square inch (psi), which is 
two-thirds of the injection pressure performed during the 60-minute hydrostatic 
pressure test for the IW1 injection casing, less a "safety margin" to allow for any future 
possible decline in well performance and possible "operational fluctuation" during 
injection pump start-up. 

A summary of test data, associated charts and calibration certificates are included in 
Appendix E. Electronic injection test transducer data is included in Appendix F. 

Geology and Hydrogeology 

A summary of the geologic and hydrogeologic settings of the area surrounding the Key 
Largo WTP, updated with the results from the drilling of IW1 and MW1, is provided 
below. The aquifers encountered during construction of IW1 are described below. The 
regional geologic and hydrogeologic setting is illustrated on a southwest-northeast 
hydrostratigraphic cross section in Figure 5. 

Surficial Aquifer System 

The Surficial Aquifer is composed mainly of limestone, interbedded with 
unconsolidated sand, silt and shell of Pleistocene Age. The very top of the aquifer is 
interpreted to be part of the Miami Limestone and consists of yellowish grey 
fossiliferous limestone and sand. Directly underlying the Miami Limestone is the Key 
Largo Limestone, which is a coralline limestone that is exposed at the surface 
throughout much of the Keys from Key Largo to Big Pine Key. At this location, white 
coralline limestone with abundant mollusks was intersected at a depth of approximately 
30 feet bpl. This limestone is replaced gradually, at approximately 90 feet bpl, by 
relatively thick, mostly unconsolidated, siliciclastic deposits of the Long Key Formation 
of basal Pleistocene Age. The base of the Surficial Aquifer at the site is easily 
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feet per psi) and an average pumping rate of 4,432 gpm, a specific injectivity of 38.0 
gpm/foot was estimated for the injection zone. Assuming an aquifer thickness of 158 
feet (estimated thickness of the two injection zones), the average horizontal hydraulic 
conductivity of the injection zone can be estimated at 705 gallons per day per square 
foot(gpd/ft^). 

Despite the changes in well performance observed, the collected data still 
demonstrates that the section of the "Boulder Zone" penetrated by the open hole of 
IW1 is sufficiently transmissive to accept a sustained injection rate of approximately 
6.48 mgd (4,500 gpm). This determination has been made assuming a maximum 
allowable injection wellhead pressure of 104 pounds per square inch (psi), which is 
two-thirds of the injection pressure performed during the 60-minute hydrostatic 
pressure test for the IWI injection casing, less a "safety margin" to allow for any future 
possible decline in well performance and possible "operational fluctuation" during 
injection pump start-up. 

A summary of test data, associated charts and calibration certificates are included in 
Appendix E. Electronic injection test transducer data is included in Appendix F. 

Geology and Hydrogeology 

A summary of the geologic and hydrogeologic settings of the area surrounding the Key 
Largo WTP, updated with the results from the drilling of IWI and MW1, is provided 
below. The aquifers encountered during construction of IWI are described below. The 
regional geologic and hydrogeologic setting is illustrated on a southwest-northeast 
hydrostratigraphic cross section in Figure 5. 

Surficial Aquifer System 

The Surficial Aquifer is composed mainly of limestone, interbedded with 
unconsolidated sand, silt and shell of Pleistocene Age. The very top of the aquifer is 
interpreted to be part of the Miami Limestone and consists of yellowish grey 
fossiliferous limestone and sand. Directly underlying the Miami Limestone is the Key 
Largo Limestone, which is a coralline limestone that is exposed at the surface 
throughout much of the Keys from Key Largo to Big Pine Key. At this location, white 
coralline limestone with abundant mollusks was intersected at a depth of approximately 
30 feet bpl. This limestone is replaced gradually, at approximately 90 feet bpl, by 
relatively thick, mostly unconsolidated, siliciclastic deposits of the Long Key Fonnation 
of basal Pleistocene Age. The base of the Surficial Aquifer at the site is easily 

Construction and 
Testing Summary Report 

Class I Injection Well System, 
KLWTD, Key Largo, Florida 

V\flflfrMda\aprDjectAvM\wr proJectAISeooo^cey lago iwl\flna] constmction & tasting reportUdwtd const & testing reporLdocx 18 



Construction and 

Testing Summary Report 

Class I Injection Well System, 
KLWTD, Key Largo, Florida 

recognized by the appearance of clayey deposits of the Hawthorn Group at 228 feet 
bpl. 

Proximity of the site to open sea waters, result in high salinity of the Surficial Aquifer 
and exclude this aquifer system as a potential source of drinking water. During drilling 
of both IW1 and MW1 high salinities were encountered, with conductivities measured 
in the shallow pad monitor wells in excess of 40,000 µS/cm. 

Miocene Series (Hawthorn Group) and Intermediate Aquifer System 

Hawthorn Group generally forms a confining to semi-confining sequence between the 
Surficial Aquifer and the Oligocene to Eocene limestones and dolomites of the Floridan 
Aquifer. At the project site, the Hawthorn Group is represented by a sequence of 
greenish gray clays and yellowish gray marls with limestone near the base. The base 
of the Hawthorn Group clays, which provides primary confinement to the underlying 
artesian Floridan Aquifer, is located at a depth of approximately 460 feet bpl. 

Underlying these sandy and silty clays is a thick sequence of sediments, comprising of 
alternating layers of generally fine-grained muddy limestones and marls, which belong 
to the Arcadia Formation, and are the basal part of the Hawthorn Group. These 
sediments represent the semi-confining Intermediate Aquifer. The top of the Upper 
Floridan Aquifer was located at a depth of approximately 1,050 feet bpl. An 
Underground Source of Drinking Water (USDW) was identified below the base of the 
surface casing set at 1,066 feet bpl. 

Hydrogeology of the Floridan Aquifer System 

The Floridan Aquifer includes the thick carbonate sequence of all or part of the 
Paleocene to lower Miocene Series and in south Florida, serves as a regionally 
significant water-yielding unit under confined conditions. The Floridan Aquifer 
underlies all of Florida and southern Georgia and in South Florida includes permeable 
Miocene age basal Hawthorn Group beds in hydraulic contact with the underlying 
Oligocene age Suwannee limestone and the Eocene age, Ocala, Avon Park and 
Oldsmar Formations. 

Suwannee Limestone 

Underlying the Hawthorn Group at 1,050 feet bpl are limestones of Oligocene age 
referred to as Suwannee Limestones and are typically represented by a yellowish gray 
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recognized by the appearance of clayey deposits of the Hawthorn Group at 228 feet 
bpl. 

Proximity of the site to open sea waters, result in high salinity of the Surficial Aquifer 
and exclude this aquifer system as a potential source of drinking water. During drilling 
of both IWI and MW1 high salinities were encountered, with conductivities measured 
in the shallow pad monitor wells in excess of 40,000 ^S/cm. 

Miocene Series (Hawthorn Group) and Intermediate Aquifer System 

Hawthorn Group generally forms a confining to semi-confining sequence between the 
Surficial Aquifer and the Oligocene to Eocene limestones and dolomites of the Floridan 
Aquifer. At the project site, the Hawthorn Group is represented by a sequence of 
greenish gray clays and yellowish gray marls with limestone near the base. The base 
of the Hawthorn Group clays, which provides primary confinement to the underlying 
artesian Floridan Aquifer, is located at a depth of approximately 460 feet bpl. 

Underlying these sandy and silty clays is a thick sequence of sediments, comprising of 
alternating layers of generally fine-grained muddy limestones and marls, which belong 
to the Arcadia Formation, and are the basal part of the Hawthorn Group. These 
sediments represent the semi-confining Intermediate Aquifer. The top of the Upper 
Floridan Aquifer was located at a depth of approximately 1,050 feet bpl. An 
Underground Source of Drinking Water (USDW) was identified below the base of the 
surface casing set at 1,066 feet bpl. 

Hydrogeology of the Floridan Aquifer System 

The Floridan Aquifer includes the thick carbonate sequence of all or part of the 
Paleocene to lower Miocene Series and in south Florida, serves as a regionally 
significant water-yielding unit under confined conditions. The Floridan Aquifer 
underlies all of Florida and southern Georgia and in South Florida includes permeable 
Miocene age basal Hawthorn Group beds in hydraulic contact with the underlying 
Oligocene age Suwannee limestone and the Eocene age, Ocala, Avon Park and 
Oldsmar Formations. 

Suwannee Limestone 

Underlying the Hawthorn Group at 1,050 feet bpl are limestones of Oligocene age 
refered to as Suwannee Limestones and are typically represented by a yellowish gray 
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to white, fine-grained, poorly indurated, fossiliferous, frequently sandy limestone. At 
the project site, the base of the Suwannee Limestone is located at a depth of 
approximately 1,300 feet bpl. 

Avon Park Formation 

Underlying the Suwannee Limestones are the Upper to Middle Eocene age limestones 
and dolostones referred to as the Avon Park Formation. This formation predominantly 
consists of yellowish brown limestones and orange to brown dolostones. The 
uppermost Avon Park Formation contains brown fossiliferous limestone and fine 
crystalline dolostone. At the project site, the base of the Avon Park Formation is 
located at a depth of approximately 2,580 feet bpl. The Ocala Formation, which 
overlies the Avon Park Formation elsewhere, was not positively identified at this 
location and may be absent. 

Oldsmar Formation 

Underlying the Avon Park Formation is the Lower Eocene age limestones and 
dolostones referred to as the Oldsmar Formation. The upper portion of the Oldsmar 
Formation consists of interbedded limestone and dolomite while the lower portion of 
the formation is comprised primarily of dolomites that are pale to dark yellowish brown, 
crystalline to cryptocrystalline, dense and massive with some evidence of dissolution 
(cavities, vugs, caverns and fractures). The lower part of the formation, between 
approximately 2,800 feet bpl and 3,670 feet bpl, contains a section of highly permeable 
dolomite and is known as the "Boulder Zone". 

Cedar Keys Formation 

The Cedar Keys Formation is subdivided by lithologic character and corresponding 
geophysical log characteristics into six units. The top three units are classified as 
Paleocene age. The top of this formation is characterized by presence of light gray to 
dark gray microcrystalline to chalky dolostone with thin beds of anhydrite. The 
televiewer log and drill-cutting samples suggest that the top of the Cedar Keys 
Formation was intercepted at the project site at approximately 3,670 feet bpl and 
extends below the bottom of the pilot hole (3,693 feet bpl). 

Upper Floridan Aquifer (UFA) 

The UFA is located directly below the Hawthorn Group. At the project site, the top of 
the UFA is located at approximately 1,050 feet below land surface. The UFA generally 
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to white, fine-grained, poorly indurated, fossiliferous, frequently sandy limestone. At 
the project site, ttie base of the Suwannee Limestone is located at a depth of 
approximately 1,300 feet bpl. 

Avon Park Formation 

Underlying the Suwannee Limestones are the Upper to Middle Eocene age limestones 
and dolostones refered to as the Avon Park Formation. This formation predominantly 
consists of yellowish brown limestones and orange to brown dolostones. The 
uppermost Avon Park Formation contains brown fossiliferous limestone and fine 
crystalline dolostone. At the project site, the base of the Avon Park Formation is 
located at a depth of approximately 2,580 feet bpl. The Ocala Formation, which 
overlies the Avon Park Formation elsewhere, was not positively identified at this 
location and may be absent. 

Oldsmar Formation 

Underlying the Avon Park Formation is the Lower Eocene age limestones and 
dolostones refe^ed to as the Oldsmar Formation. The upper portion of the Oldsmar 
Formation consists of interbedded limestone and dolomite while the lower portion of 
the formation is comprised primarily of dolomites that are pale to dark yellowish brown, 
crystalline to cryptocrystalline, dense and massive with some evidence of dissolution 
(cavities, vugs, caverns and fractures). The lower part of the formation, between 
approximately 2,800 feet bpl and 3,670 feet bpl, contains a section of highly permeable 
dolomite and is known as the "Boulder Zone". 

Cedar Keys Fonnation 

The Cedar Keys Formation is subdivided by lithologic character and con-esponding 
geophysical log characteristics into six units. The top three units are classified as 
Paleocene age. The top of this formation is characterized by presence of light gray to 
dark gray microcrystalline to chalky dolostone with thin beds of anhydrite. The 
televiewer log and drill-cutting samples suggest that the top of the Cedar Keys 
Fonnation was intercepted at the project site at approximately 3,670 feet bpl and 
extends below the bottom of the pilot hole (3,693 feet bpl). 

Upper Floridan Aquifer (UFA) 

The UFA is located directly below the Hawthorn Group. At the project site, the top of 
the UFA is located at approximately 1,050 feet below land surface. The UFA generally 
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increases in salinity with increased depth. Production wells in South Florida that 
withdraw from the Floridan Aquifer typically only extend to the uppermost producing 
zones in the UFA where higher quality (less saline) water is present. However, 
potentially usable sources of underground drinking water (referred to as USDWs) are 
defined as waters containing concentrations of TDS less than 10,000 mg/L. Based on 
packer testing and geophysical logging, the base of the USDW at the project site is 
located at 1,450 feet. 

Floridan Aquifer Confining Units 

Underlying the UFA and the lowermost USDW are strata, within the mid to lower Avon 
Park Formation and upper Oldsmar Formation, that are primarily un-fractured 
limestones and dolostones that have low-permeability. These low-permeability 
formation intervals will serve as a barrier between the fluids injected in the "Boulder 
Zone" and the lowermost USDW. Based on the data collected during construction and 
testing of the injection well system, there appears to be sufficient confining units 
present at the project site, with the primary confining units between the lowermost 
USDW and the injection zone between 1,575 feet and 2,816 feet bpl. . 

Floridan Aquifer "Boulder Zone" 

Underlying the confining units within the Floridan Aquifer System is a highly 
transmissive karst zone known in south Florida as the "Boulder Zone". The absence of 
a USDW, the presence of overlying confining units, and the high transmissivity provide 
an ideal formation for underground disposal and storage. Based on geophysical 
logging (which included televiewer and caliper logs) and the final Video Survey of the 
open hole, there are two potential injection zone intervals at the project site. The first is 
located between 2,956 feet and 2,990 feet bpl, where a potential minor injection zone 
was observed. The second lower zone, and most likely the main injection interval for 
IW1, exists between 3,415 and 3,539 feet bpl, with two large cavities observed 
between 3,430 feet and 3,437 feet bpl. 
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increases in salinity with increased depth. Production wells in Soutti Florida that 
withdraw from the Floridan Aquifer typically only extend to the uppermost producing 
zones in the UFA where higher quality (less saline) water is present. However, 
potentially usable sources of underground drinking water (refenred to as USDWs) are 
defined as waters containing concentrations of TDS less than 10,000 mg/L. Based on 
packer testing and geophysical logging, the base of the USDW at the project site is 
located at 1,450 feet 

Floridan Aquifer Confining Units 

Underlying the UFA and the lowermost USDW are strata, within the mid to lower Avon 
Park Formation and upper Oldsmar Fonnation, that are primarily un-firactured 
limestones and dolostones that have low-permeability. These low-permeability 
formation intervals will serve as a barrier between the fluids injected in the "Boulder 
Zone" and the lowermost USDW. Based on the data collected during construction and 
testing of the injection well system, there appears to be sufficient confining units 
present at the project site, with the primary confining units between the lowermost 
USDW and the injection zone between 1,575 feet and 2,816 feet bpl.. 

Floridan Aquifer "Boulder Zone" 

Underlying the confining units within the Floridan Aquifer System is a highly 
transmissive karst zone known in south Florida as the "Boulder Zone". The absence of 
a USDW, the presence of overlying confining units, and the high transmissivity provide 
an ideal formation for underground disposal and storage. Based on geophysical 
logging (which included televiewer and caliper logs) and the final Video Survey of the 
open hole, there are two potential injection zone intervals at the project site. The first is 
located between 2,956 feet and 2,990 feet bpl, where a potential minor injection zone 
was observed. The second lower zone, and most likely the main injection interval for 
IWI, exists between 3,415 and 3,539 feet bpl, with two large cavities observed 
between 3,430 feet and 3,437 feet bpl. 
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FIGURE 6: KLWTD Injection Well System IW1 Injection Test Specific 
Injectivity 

NOTE: Specific infectivity calculated from Injection Rate GPM / (Injection PSI - Static PSI) 

MF16fp \data %Projects \WR \WF PROJECTS \156000-KEY LARGO IW1 \Injection test \ Ftaw DatEnInjTst manual data.xlsx 

FIGURE 6: KLWTD Injection Well System IW1 Injection Test Specific 
Injectivity 

20 

10 

Step 1 (0-60mins) 

Step 2 (60-120mins) 

Step3(120-300mins) 

Step4(300-780mlns) 

60 120 180 240 300 360 

Elapsed Time (IMInutes from Start of Each Test Rate) 

420 

STEP RATE 

- • - 1 5 6 7 GPM 

- • - 3 1 8 4 GPM 

-A-4976GPM 

-M-4432 GPM 

480 

NOTE: Spetafic injectivity cal(»jlated from Injection Rate GPM / (Injection PSI - State PSI) 

\\FI6lp\data\AProjects\WR\WF PROJECTSM S6000-KEY LARGO IW1\lnjectlon tesfiFtaw DataMnjTst manual data.xlsx 



FIGURE 7: KLWTD Injection Well System IW1 Injection Curve 

Preliminary Test (5/18/09): 
Injection Flow (gpm) 0 1250 3000 5000 5400 
Injection pressure (psi) 8.5 41.5 60 91 98 

Injection Test (5/20/09): 
Injection Flow (gpm) 0 1567 3184 4976 4432 
Injection pressure (psi) 35 46.7 61.5 94 85 

Approximate Well Losses 

Pipe loss*: 
Final casing (ft) 2735 
Injection Flow (gpm) 1000 2000 3000 4000 5000 
Pipe loss (psi) 1.4 3.1 6.6 10.9 16.4 

Formation loss": 
Injection Flow (gpm) 1000 2000 3000 4000 5000 
Formation loss (psi) 6.6 12.4 16.9 31.1 44.6 

• Friction loss for injection tube at a given flow rate, source Future Pipe Industnes REDBOX Product Catalogue 
** Estimated formation loss for a given flow rate derived from measured injection pressure (5/20/09) less static pressure (35psi) less pipe friction loss 
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FIGURE 7: KLWTD Injection Well System IWI Injection Curve 
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Injection Flow (gpm) 0 1250 3000 5000 5400 
Injection pressure (psi) 8.5 41.5 60 91 98 

Injection Test (5/20/09): 
Injection Flow (gpm) 0 1567 3184 4976 4432 
Injection pressure (psi) 35 46.7 61.5 94 85 

Approximate Well Losses 

Pipe loss*: 
Final casing (ft) 2735 
Injection Flow (gpm) 1000 2000 3000 4000 5000 
Pipe loss (psi) 1.4 3.1 6.6 10.9 16.4 

Fonnation loss**: 
Injection Flow (gpm) 1000 2000 3000 4000 5000 
Fomnation loss (psi) 6.6 12.4 16.9 31.1 44.6 

' Friction loss for injection tutie at a given flow rate, source Future Pipe Industnes REDBOX Product Catalogue 
" Estimated formation loss for a given flow rate derived from measured injection pressure (5/20/09) less static pressure (35psi) less pipe friction loss 
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Table 1. Summary of Construction and Testing Activities 
KLWTD Injection Well System, Key Largo, Florida 

Weekly 
Report # 

Date Description 

Injection Well IW1 

1 

Install 4 water-table monitor wells, and perform background sampling 

11/14/08 Begin drilling pilot hole using a 12.25-inch bit 

11/16/08 
Complete pilot hole drilling to 214 ft bpi; perform geophysical logging; replace 12.25-inch bit with 60.5-inch bit and begin 
reaming _ ... 

2 
11/21/08 Complete reamed hole with 60.5-inch bit to 227 ft bpl; perform geophysical logging 

11/23/08 Install and cement 52-inch O.D. conductor casing at 223 ft bpl 

3 
11/24/08 Begin pilot hole drilling using 12.25-inch bit 

11/28/08 Complete pilot hole drilling to 1160 ft bpl and perform geophysical logging 

11/30/08 Begin reaming pilot hole with 46.5-inch bit 

4, 5 
12/11/08 Complete reamed hole with 46.5-inch bit to 1070 ft bpl and perform geophysical logging 

12/14/08 Install and cement 36-inch 0. D. surface casing at 1066 ft bpl. 

6 
12/16/08 Begin pilot hole drilling using 12.25-inch bit by the reverse-air drilling method 

12/20/08 
Complete pilot hole drilling to 1,745 feet bpl; 1 core retrieved between 1,729 feet and 1,745 feet bpi 

Perform suite of static and dynamic geophysical logging 

7 

12/23/08 Complete packer test #1 between 1,564-1,746 feet bpl (single packer) 

12/27/08 Complete packer test #2 between 1,279-1,319 feet bpl (straddle packer) 

12/28/08 
Because portion of borehole televiewer log unacceptable, a single packer was installed to 1,362 feet bpl, the open hole 
below the packer was developed and a video survey was performed between 1,362-1,474 feet bpl 

12/29/08 Cement back pilot hole from total depth to 1,214 feet bpl 

8 12/29/08 Begin reaming using 34.5-inch bit from base of 36-inch O.D. surface casing 

9 
01/05/09 Complete reamed hole using 34.5-inch bit to 1,735 feet bpl, perform geophysical logging 

01/09/09 Install and cement 28-inch O.D. intermediate casing to 1,730 feet bpl 

01/10/09 Begin drilling pilot hole using 12.25-inch bit from base of intermediate casing 

10, 11  

01/22/09 
Complete pilot hole drilling to 3,693 ft bpl; 5 cores retrieved during drilling (1,858-1,873 ft bpl, 1,980-1,995 ft bpl, 2,100-2,116 
ft bpl and 2,182-2,197 ft bpl) 

01/23/09 Perform suite of static and dynamic geophysical logging 

01/24/09 Install cement basket at 2,777 feet bpl, and establish bridge plug (top of cement of bridge plug tagged at 2,769 feet bpl) 

12 

01/26/09 Complete packer test #3 between 1,879-1,907 feet bpl (straddle packer) 

01/28/09 Complete packer test #4 between 2,209-2,237 feet bpl (straddle packer) 

01/29/09 Complete packer test #5 between 2,449-2,477 feet bpl (straddle packer) 

01/30/09 
Complete packer test #6 between 2,594-2,622 feet bpl (straddle packer) 

Conduct pump test of open hole (1,730-2,759 feet bpl) 

02/01/09 
Cement back pilot hole from total depth to 1,869 feet bpl 

Begin reaming using 26.5-inch diameter bit from base of intermediate casing 

13, 14 02/09/09 Complete reaming with 26.5-inch bit to 2,737 feet bpl; begin reaming with 20.5-inch bit 

15 02/21/09 Complete reaming with 20.5-inch bit to 3,604 feet bpl; perform geophysical logging 

16 
02/24/09 Install 16-inch O.D. FRP injection casing to 2,736 feet bpl 

02/27/09 Cement 16-inch O.D. FRP injection casing to 507 feet bpl 

03/01/09 Begin injection zone development; perform video survey and CBL 

17 
03/02/09 Collect water sample of injection zone 

03/03/09 Perform hydrostatic pressure test; cement annulus from 507 feet bpl to pad level 

03/04/09 Begin mobilizing from IW1 to MW1 
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Table 1. Summary of Construction and Testing Activities 
KLWTD Injection Well System, Key Largo, Florida 

Weekly 
Report # 

Date Description 

Injection Well IW1 

1 

Install 4 water-table monitor wells, and perform background sampling 

1 11/14/08 Begin drilling pilot hole using a 12.25-inch bit 1 
11/16/08 Complete pilot hole drilling to 214 ft bpl; perform geophysical logging; replace 12.25-inch bit with 60.5-inch bit and begin 

reaming 

2 11/21/08 Complete reamed hole with 60.5-inch bit to 227 ft bpl; perform geophysical logging 2 
11/23/08 Install and cement 52-inch O.D. conductor casing at 223 ft bpl 

3 
11/24/08 Begin pilot hole drilling using 12.25-inch bit 

3 11/28/08 Complete pilot hole drilling to 1160 ft bpl and perform geophysical logging 3 
11/30/08 Begin reaming pilot hole with 46.5-inch bit 

4.5 12/11/08 Complete reamed hole with 46.5-inch bit to 1070 ft bpl and perform geophysical logging 4.5 
12/14/08 Install and cement 36-inch 0. D. surface casing at 1066 ft bpl. 

6 
12/16/08 Begin pilot hole drilling using 12.25-inch bit by the reverse-air drilling method 

6 12/20/08 
Complete pilot hole drilling to 1,745 feet bpl; 1 core retrieved between 1,729 feet and 1,745 feet bpl 6 12/20/08 
Perform suite of static and dynamic geophysical logging 

7 

12/23/08 Complete packer test #1 between 1,564-1,746 feet bpl (single packer) 

7 
12/27/08 Complete packer test #2 between 1,279-1,319 feet bpl (straddle packer) 

7 
12/28/08 Because portion of borehole televiewer log unacceptable, a single packer was installed to 1,362 feet bpl, the open hole 

below the packer was developed and a video survey was performed between 1,362-1,474 feet bpl 
7 

12/29/08 Cement back pilot hole from total depth to 1,214 feet bpl 

8 12/29/08 Begin reaming using 34.5-inch bit from base of 36-inch O.D. surface casing 
01/05/09 Complete reamed hole using 34.5-inch bit to 1,735 feet bpl, perform geophysical logging 

9 01/09/09 Install and cement 28-inch O.D. intermediate casing to 1,730 feet bpl 9 
01/10/09 Begin drilling pilot hole using 12.25-inch bit from base of intermediate casing 

10,11 

01/22/09 Complete pilot hole drilling to 3,693 ft bpl; 5 cores retrieved during drilling (1,858-1,873 ft bpl, 1,980-1,995 ft bpl, 2,100-2,116 
ft bpl and 2,182-2,197 ft bpl) 

10,11 01/23/09 Perform suite of static and dynamic geophysical logging 10,11 

01/24/09 Install cement basket at 2,777 feet bpl, and establish bridge plug (top of cement of bridge plug tagged at 2,769 feet bpl) 

12 

01/26/09 Complete packer test #3 between 1,879-1,907 feet bpl (straddle packer) 

12 

01/28/09 Complete packer test #4 between 2,209-2,237 feet bpl (straddle packer) 

12 
01/29/09 Complete packer test #5 between 2,449-2,477 feet bpl (straddle packer) 

12 01/30/09 
Complete packer test #6 between 2,594-2,622 feet bpl (straddle packer) 12 01/30/09 
Conduct pump test of open hole (1,730-2,759 feet bpl) 

12 

02/01/09 
Cement back pilot hole from total depth to 1,869 feet bpl 

12 

02/01/09 
Begin reaming using 26.5-inch diameter bit from base of intermediate casing 

13,14 02/09/09 Complete reaming with 26.5-inch bit to 2,737 feet bpl; begin reaming with 20.5-inch bit 

15 02/21/09 Complete reaming with 20.5-inch bit to 3,604 feet bpl; perfonn geophysical logging 

16 
02/24/09 Install 16-inch O.D. FRP injection casing to 2,736 feet bpl 

16 02/27/09 Cement 16-Inch O.D. FRP injection casing to 507 feet bpl 16 
03/01/09 Begin injection zone development; perfonn video survey and CBL 

17 
03/02/09 Collect water sample of injection zone 

17 03/03/09 Perform hydrostatic pressure test; cement annulus from 507 feet bpl to pad level 17 
03/04/09 Begin mobilizing from IWI to MW1 
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Table 1. Summary of Construction and Testing Activities 
KLWTD Injection Well System, Key Largo, Florida 

Weekly 

Report # 

Date Description 

Dual-Zone Deep Monitor Well MW1 
17 03/08/09 Complete mobilizing to MW1; Begin drilling using 42.5-inch bit 

18 

03/10/09 Complete drilling with 40-inch bit to 228 feet bpl 

03/11/09 Install and cement in place 34-inch O.D. conductor casing to 228 feet bpl 

03/12/09 Begin drilling pilot hole using 12.25-inch bit from base of conductor casing 

03/15/09 
Complete pilot-hole drilling to 1,076 feet bpl; perform geophysical logging 

Begin reaming using 32.5-inch bit from base of conductor casing 

19 
03/21/09 Complete reaming with 32.5-inch bit to 1,062 feet bpl; perform geophysical logging 

03/23/09 Install and cement in place 24-inch O.D. surface casing to 1,058 feet bpl 

20 
03/26/09 Switch from mud-rotary to reverse-air drilling and begin pilot-hole drilling using 12.25-inch bit from base of surface casing 

03/28/09 Complete pilot hole drilling to 1,700 feet bpl 

21 

03/30/09 Perform suite of static and dynamic geophysical logging 

04/01/09 Complete packer test #7 between 1,649 and base of pilot hole (single packer) 

04/03/09 Complete packer test #8 between 1,434-1,481 feet bpl (straddle packer) 

22 

04/06/09 Complete packer test #9 between 1,459-1,486 feet bpl (straddle packer) 

04/07/09 Complete packer test #10 between 1,489-1,516 feet bpi (straddle packer) 

04/10/09 
Extend pilot hole an additional 55 feet to 1,755 feet bpl (as suggested by FDEP) 

Complete packer test #11 between 1,699 feet bpi and base of extended pilot hole 

23 

04/15/09 Cement back pilot hole to 1,700 feet bpl. 

04/16/09 
Emplace 50 cubic feet of gravel to 1,640 feet bpl. 

Cement back pilot hole interval between 1,640 feet bpl and 1,506 feet bpl. 

04/17/09 

Emplace 90 cubic feet of gravel to 1,431 feet bpl. 

Cap gravel with 6 cubic feet of cement to 1,429 feet bpl. 

Begin to drill nominal 24-inch diameter reamed borehole. 

04/18/09 Complete nominal 24-inch diameter reamed hole to 1,462 feet bpl 

24 
04/21/09 Perform geophysical logging of the 24-inch borehole (x-y caliper and gamma-rays). Begin intermediate casing installation. 

04/24/09 Install and cement in place 16-inch O.D. intermediate casing to 1,459 feet bpl. 

25 

04/27/09 Begin to drill nominal 16-inch diameter reamed borehole. 

04/28/09 
Complete nominal 16-inch diameter reamed hole to 1,635 feet bpl. Extend depth of the open hole with 12.25-inch diameter 
bit to 1,702 feet bpl and perform geophysical logging of the borehole. 

05/01/09 Install and cement in place 6.625-inch diameter FRP tubing to 1,650 feet bpl. 

26 
05/04/09 Perform hydrostatic pressure test. 

05/05/09 Begin Upper and Lower Monitoring Zones development. 

05/06/09 Complete both zones development Perform video survey and CBL log. 

27 Preparation for injection test. Constructing IW1 wellhead and laying down pipeline. 

28 
05/18/09 Conduct preliminary injection test. Began background data collection. 

05/20/09 Conduct short term injection test Collect recovery data. 

29 05/26/09 Perform Radioactive Tracer Survey (RTS). Inject potable water left in tanks after tests. 
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Table 1. Summary of Construction and Testing Activities 
KLWTD Injection Well System, Key Largo, Florida 

Weekly 
Report # 

Date Description 

Dual-Zone Deep Monitor Well MW1 
17 03/08/09 Complete mobilizing to MW1; Begin drilling using 42.5-inch bit 

18 

03/10/09 Complete drilling with 40-inch bit to 228 feet bpl 

18 
03/11/09 Install and cement In place 34-inch O.D. conductor casing to 228 feet bpl 

18 03/12/09 Begin drilling pilot hole using 12.25-inch bit from base of conductor casing 18 
03/15/09 

Complete pilot-hole drilling to 1,076 feet bpl; perform geophysical logging 
18 

03/15/09 
Begin reaming using 32.5-inch bit from base of conductor casing 

19 03/21/09 Complete reaming with 32.5-Inch bit to 1,062 feet bpl; perform geophysical logging 19 
03/23/09 Install and cement in place 24-inch O.D. surface casing to 1,058 feet bpl 

20 03/26/09 Switch from mud-rotary to reverse-air drilling and begin pilot-hole drilling using 12.25-inch bit from base of surface casing 20 
03/28/09 Complete pilot hole drilling to 1,700 feet bpl 

21 
03/30/09 Perform suite of static and dynamic geophysical logging 

21 04/01/09 Complete packer test #7 between 1,649 and base of pilot hole (single packer) 21 
04/03/09 Complete packer test #8 between 1,434-1,481 feet bpl (straddle packer) 

22 

04/06/09 Complete packer test #9 between 1,459-1,486 feet bpl (straddle packer) 

22 04/07/09 Complete packer test #10 between 1,489-1,516 feet bpl (straddle packer) 22 
04/10/09 

Extend pilot hole an additional 55 feet to 1,755 feet bpl (as suggested by FDEP) 
22 

04/10/09 
Complete packer test #11 between 1,699 feet bpl and base of extended pilot hole 

04/15/09 Cement back pilot hole to 1,700 feet bpl. 

04/16/09 
Emplace 50 cubic feet of gravel to 1,640 feet bpl. 

04/16/09 Cement back pilot hole interval between 1,640 feet bpl and 1,506 feet bpl. 

23 
04/17/09 

Emplace 90 cubic feet of gravel to 1,431 feet bpl. 23 
04/17/09 Cap gravel with 6 cubic feet of cement to 1,429 feet bpl. 

23 
04/17/09 

Begin to drill nominal 24-inch diameter reamed borehole. 

23 

04/18/09 Complete nominal 24-inch diameter reamed hole to 1,462 feet bpl 

24 04/21/09 Perform geophysical logging of the 24-inch borehole (x-y caliper and gamma-rays). Begin intermediate casing installation. 24 
04/24/09 Install and cement In place 16-Inch O.D. Intermediate casing to 1,459 feet bpl. 

25 
04/27/09 Begin to drill nominal 16-inch diameter reamed borehole. 

25 04/28/09 
Complete nominal 16-inch diameter reamed hole to 1,635 feet bpl. Extend depth of the open hole with 12.25-Inch diameter 
bit to 1,702 feet bpl and perform geophysical logging of the borehole. 25 

05/01/09 Install and cement in place 6.625-inch diameter FRP tubing to 1,650 feet bpl. 

26 
05/04/09 Perform hydrostatic pressure test. 

26 05/05/09 Begin Upper and Lower Monitoring Zones development. 26 
05/06/09 Complete both zones development. Perform video survey and CBL log. 

27 Preparation for injection test. Constructing IWI wellhead and laying down pipeline. 

28 05/18/09 Conduct preliminary injection test. Began background data collection. 
28 

05/20/09 Conduct short term injection test Collect recovery data. 

29 05/26/09 Perform Radioactive Tracer Survey (RTS). Inject potable water left In tanks after tests. 
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Table 2. Water-Quality Sampling Results from Pilot-Hole Reverse-Air Discharge 
KLWTD Injection Well System, Key Largo, Florida 

Date Depth 

(feet bpl) 

Field Analysis 
Chloride 

(rIVIL) 

Conductivity 

(µS/em) 

Temperature 

(°C) 

INJECTION WELL IW1 

12/16/08 1,100 180 890 27.1 
12/16/08 1,130 160 889 28.8 
12/16/08 1,160 160 826 27.7 
12/17/08 1,173 160 914 31.6 
12/17/08 1,190 160 901 25.7 
12/17/08 1,220 680 2,510 26.1 
12/17/08 1,250 880 2,830 24.1 
12/17/08 1,262 1,500 3,600 24.2 
12/17/08 1,280 2,000 4,070 26.1 
12/17/08 1,310 2,500 5,900 26.6 
12/17/08 1,340 3,000 8,040 26.2 
12/17/08 1,352 3,500 10,040 26.2 
12/17/08 1,370 3,500 9,770 25.8 
12/17/08 1,400 3,500 8,960 25.9 
12/17/08 1,430 3,500 9,010 25.7 
12/17/08 1,442 3,500 9,080 25.4 
12/17/08 1,460 3,500 9,350 25.2 
12/17/08 1,490 3,500 10,640 25.3 
12/17/08 1,520 3,500 10,560 25.0 
12/17/08 1,532 3,500 10,300 25.1 
12/17/08 1,550 4,000 11,550 24.4 
12/17/08 1,580 4,500 11,900 24.8 
12/17/08 1,610 4,500 12,480 25.1 
12/17/08 1,622 4,500 11,770 25.6 
12/17/08 1,640 4,500 12,900 24.8 
12/18/08 1,670 4,500 12,850 24.7 
12/18/08 1,700 4,500 13,010 24.5 
12/18/08 1,712 4,500 12,240 25.2 
12/20/08 1,740 4,500 12,920 25.6 
01/11/09 1,770 5,000 15,900 26.5 
01/11/09 1,800 4,500 13,390 32.2 
01/11/09 1,830 4,500 15,070 31.1 
01/12/09 1,860 6,500 18,840 27.7 
01/12/09 1,890 6,000 17,220 28.5 
01/12/09 1,920 7,500 21,800 28.3 
01/12/09 1,950 7,500 20,500 26.9 
01/12/09 1,980 7,000 19,040 26.4 
01/14/09 2,010 6,000 17,220 24.1 
01/14/09 2,040 5,500 16,740 23.7 
01/14/09 2,070 5,500 16,730 23.1 
01/14/09 2,100 6,500 18,320 22.9 
01/15/09 2,130 5,500 16,700 22.2 
01/15/09 2,160 5,000 15,750 22.3 

1/16/2009• 2,190 1,000 2,160 21.8 
1/16/2009" 2,220 15,000 44,300 20.9 

01/16/09 2,250 15,000 44,200 19.9 
01/17/09 2,280 15,000 43,500 17.2 
01/17/09 2,310 4,500 14,060 17.1 
01/17/09 2,340 4,500 14,020 17.2 
01/17/09 2,370 4,500 14,300 17.0 
01/17/09 2,400 5,000 17,230 19.0 
01/17/09 2,430 5,000 17,100 20.5 
01/17/09 2,460 5,500 17,360 23.4 
01/17/09 2,490 5,500 17,540 24.7 
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Table 2. Water-Quality Sampling Results from Pilot-Hole Reverse-Air Discharge 
KLWTD Injection Well System, Key Largo, Florida 

Date Depth Field Analysis 
Chlortde Conductivity Temperature 

(feet bpl) (mg/L) OiS/cm) fC) 
INJECTION WELL IW1 

12/16/08 1,100 180 890 27.1 
12/16/08 1.130 160 889 28.8 
12/16/08 1,160 160 826 27.7 
12/17/08 1,173 160 914 31.6 
12/17/08 1,190 160 901 25.7 
12/17/08 1,220 680 2.510 26.1 
12/17/08 1,250 880 2.830 24.1 
12/17/08 1,262 1.500 3.600 24.2 
12/17/08 1,280 2.000 4.070 26.1 
12/17/08 1.310 2.500 5.900 26.6 
12/17/08 1,340 3.000 8.040 26.2 
12/17/08 1,352 3.500 10.040 26.2 
12/17/08 1,370 3.500 9.770 25.8 
12/17/08 1,400 3.500 8.960 25.9 
12/17/08 1,430 3.500 9.010 25.7 
12/17/08 1,442 3,500 9.080 25.4 
12/17/08 1,460 3,500 9,350 25.2 
12/17/08 1,490 3.500 10,640 25.3 
12/17/08 1,520 3,500 10,560 25.0 
12/17/08 1,532 3,500 10.300 25.1 
12/17/08 1.550 4,000 11.550 24.4 
12/17/08 1.580 4,500 11.900 24.8 
12/17/08 1.610 4,500 12.480 25.1 
12/17/08 1.622 4,500 11.770 25.6 
12/17/08 1.640 4,500 12.900 24.8 
12/18/08 1.670 4,500 12.850 24.7 
12/18/08 1.700 4,500 13.010 24.5 
12/18/08 1.712 4,500 12.240 25.2 
12/20/08 1.740 4,500 12.920 25.6 
01/11/09 1.770 5,000 15.900 26.5 
01/11/09 1.800 4,500 13.390 32.2 
01/11/09 1.830 4,500 15.070 31.1 
01/12/09 1.860 6,500 18.840 27.7 
01/12/09 1.890 6,000 17,220 28.5 
01/12/09 1.920 7.500 21,800 28.3 
01/12/09 1,950 7.500 20.500 26.9 
01/12/09 1.980 7.000 19.040 26.4 
01/14/09 2.010 6.000 17.220 24.1 
01/14/09 2.040 5.500 16.740 23.7 
01/14/09 2.070 5.500 16.730 23.1 
01/14/09 2.100 6.500 18.320 22.9 
01/15/09 2.130 5.500 16.700 22.2 
01/15/09 2.160 5.000 15.750 22.3 

1/16/2009* 2.190 1.000 2.160 21.8 
1/16/2009** 2.220 15.000 44,300 20.9 
01/16/09 2,250 15.000 44,200 19.9 
01/17/09 2.280 15.000 43.500 17.2 
01/17/09 2.310 4.500 14.060 17.1 
01/17/09 2.340 4.500 14.020 17.2 
01/17/09 2.370 4.500 14.300 17.0 
01/17/09 2.400 5.000 17.230 19.0 
01/17/09 2.430 5.000 17.100 20.5 
01/17/09 2,460 5,500 17.360 23.4 
01/17/09 2,490 5.500 17,540 24.7 
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Table 2. Water-Quality Sampling Results from Pilot-Hole Reverse-Air Discharge 
KLWTD Injection Well System, Key Largo, Florida 

Date Depth 

(feet bpi) 

Field Analysis 

Chloride 

(m911-) 

Conductivity 

(µS/cm) 

Temperature 

(C) 

01/17/09 2,520 6,000 16,780 23.9 
01/17/09 2,550 6,000 16,910 24.0 
01/17/09 2,580 6,000 16,740 23.8 
01/17/09 2,610 6,000 16,960 21.9 
01/17/09 2,640 6,000 16,870 22.4 
01/17/09 2,670 6,000 16,880 21.9 
01/17/09 2,700 6,000 16,910 20.8 
01/17/09 2,730 6,000 16,960 19.7 
01/17/09 2,760 6,000 16,930 19.0 

DUAL-ZONE DEEP MONITOR MINIMA) 

03/26/09 1,100 200 1,204 26.7 
03/26/09 1,130 300 1,280 25.8 
03/27/09 1,160 580 2,070 26.2 
03/27/09 1,190 740 2,690 25.5 
03/27/09 1,220 1,280 4,430 25.3 
03/27/09 1,250 1,320 4,660 25.2 
03/27/09 1,262 2,000 4,860 26.2 
03/27/09 1,280 2,500 6,530 25.8 
03/27/09 1,308 2,500 7,260 25.6 
03/27/09 1,340 2,500 7,460 25.8 
03/27/09 1,352 3,000 8,220 25.8 
03/27/09 1,370 3,000 8,340 25.6 
03/27/09 1,398 3,000 8,390 25.8 
03/27/09 1,430 3,000 9,050 25.5 
03/27/09 1,443 3,500 9,310 25.6 
03/27/09 1,460 3,500 8,780 25.8 
03/27/09 1,488 3,500 9,240 26.0 
03/27/09 1,520 3,500 9,360 25.6 
03/27/09 1,550 3,500 10,040 25.3 
03/27/09 1,578 3,500 10,920 25.8 
03/27/09 1,610 4,000 11,720 25.2 
03/27/09 1,623 4,000 11,840 25.7 
03/27/09 1,640 4,500 12,900 25.2 
03/27/09 1,678 4,500 12,860 25.6 
03/28/09 1,700 4,500 12,840 24.8 
04/09/09 1,713 6,000 15,680 25.4 
04/09/09 1,730 5,000 13,150 24.5 
04/09/09 1,755 5,000 13,160 24.0 

'bpi' denotes below pad level 

-mg/L" denotes milligrams per liter 

'ttS/crn.  denotes microSiemens per centimeter 

oC' denotes degrees Celsius 

Note Low range Chlonde Kit was used between 1100 and 1250 ft bpi 

• Potable water was introduced into circulabon 

" Salt was used to supress potenbometnc head in well 
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Table 2. Water-Quality Sampling Results from Pilot-Hole Reverse-Air Discharge 
KLWTD Injection Well System, Key Largo, Florida 

Date Depth Field Analysis 
Chloride Conductivity Temperature 

(feet bpl) (mgfl.) (tiSlcm) CC) 
01/17/09 2,520 6.000 16,780 23.9 
01/17/09 2,550 6.000 16,910 24.0 
01/17/09 2,580 6,000 16,740 23.8 
01/17/09 2,610 6,000 16,960 21.9 
01/17/09 2,640 6,000 16,870 22.4 
01/17/09 2,670 6,000 16,880 21.9 
01/17/09 2,700 6,000 16,910 20.8 
01/17/09 2.730 6,000 16,960 19.7 
01/17/09 2.760 6.000 16.930 19.0 

03/26/09 1,100 200 1,204 26.7 
03/26/09 1,130 300 1,280 25.8 
03/27/09 1,160 580 2,070 26.2 
03/27/09 1,190 740 2,690 25.5 
03/27/09 1,220 1,280 4,430 25.3 
03/27/09 1,250 1,320 4,660 25.2 
03/27/09 1,262 2,000 4,860 26.2 
03/27/09 1,280 2,500 6,530 25.8 
03/27/09 1,308 2,500 7,260 25.6 
03/27/09 1,340 2,500 7,460 25.8 
03/27/09 1,352 3,000 8,220 25.8 
03/27/09 1,370 3,000 8,340 25.6 
03/27/09 1,398 3,000 8,390 25.8 
03/27/09 1,430 3,000 9,050 25.5 
03/27/09 1,443 3,500 9,310 25.6 
03/27/09 1,460 3,500 8,780 25.8 
03/27/09 1,488 3,500 9,240 26.0 
03/27/09 1,520 3,500 9,360 25.6 
03/27/09 1,550 3,500 10,040 25.3 
03/27/09 1,578 3,500 10,920 25.8 
03/27/09 1,610 4,000 11,720 25.2 
03/27/09 1,623 4,000 11,840 25.7 
03/27/09 1,640 4,500 12,900 25.2 
03/27/09 1,678 4,500 12,860 25.6 
03/28/09 1,700 4,500 12,840 24.8 
04/09/09 1,713 6,000 15,680 25.4 
04/09/09 1,730 5,000 13,150 24.5 
04/09/09 1.755 5,000 13,160 24.0 

'bpl* denotes below pad level 
'mg/L* denotes milligrams per liter 
'pS/cm* denotes microSiemens per centimeter 
°C' denotes degrees Celsius 
Note Low range Chlonde Kit was used between 1100 and 1250 ft bpl 
* Potable water was introduced into arculation 
** Salt was used to supress potentiometnc heed in well 
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Table 3. Summary of Geophysical Logs Performed in IW1 and MW1 
KLWTD Injection Well System, Key Largo, Florida 

Date Geophysical 

Survey Performed 
Casing Depth 

(feet bpi) 
Open Hole Depth 

(feet bpi) 
Casing/Ddlied Hole 
Diameter (Inches) 

(Mfg r[121Z COQ 09 

11/21/08 X-Y Caliper, Gamma Ray - 227 60.5 

11/23/08 Cement Top Temperature (Stage 1) 223 227 52.0 

11/29/08 X-Y Caliper, Gamma Ray 223 1160 12.25 

11/29/08 Dual Induction LL3 with SP 223 1160 12 25 

11/29/08 Borehole Compensated Sonic wNDL 223 1160 12.25 

12/11/08 X-Y Caliper, Gamma Ray 223 1070 46.50 

12/14/09 Cement Top Temperature (Stages 1-2) 1066 1070 36.00 

12/20/08 X-Y Caliper, Gamma Ray 1066 1746 12.25 

12/20/08 Dual Induction LL3 with SP 1066 1746 12.25 

12/20/08 Borehole Compensated Sonic wNDL & Log Derived TDS 1066 1746 12.25 

12/20/08 Fluid Conductivity, Temperature 1066 1746 12.25 

12/20/08 Flowmeter 1066 1746 12.25 

12/20/08 Borehole Televiewer' 1066 1746 12.25 

12/28/08 Pilot Hole 1,362-1,464 ft Video (DVD) 

01/06/09 X-Y Caliper, Gamma Ray 1066 1740 34.50 

01/09/09 Cement Top Temperature (Stages 1-4) 1730 1740 28.00 

01/22/09 X-Y Caliper, Gamma Ray 1730 3700 12.25 

01/22/09 Dual Induction LL3 with SP 1730 3700 12 25 

01/22/09 Borehole Compensated Sonic wNDL & Log Derived TDS 1730 3700 12.25 

01/22/09 Fluid Conductivity, Temperature 1730 3700 12 25 

01/22/09 Flowmeter 1730 3700 12.25 

01/22/09 Borehole Televiewer' 1730 3700 12.25 

02/21/09 X-Y Caliper, Gamma Ray 1730 3604 28 & 22 

02/27/09 Cement Top Temperature (Stages 1-5) 2736 3604 16.00 

03/01/09 Cement Bond Log 2736 3604 16.00 

03/01/09 PA/1 Final Video (DVD) 2736 3604 16422 

05/26/09 High Resolution Temperature 2736 3604 22.00 

05/26/09 Radioactive Tracer Survey 2736 3604 22.00 

MCLI.,61.91.1= CC=E:f2 TOZITtriOffi CZPIIS Mil 

03/11/09 X-Y Caliper, Gamma Ray - 228 42.5 

03/12/09 Cement Top Temperature (Stage 1) 225 228 34.0 

03/15/09 X-Y Caliper, Gamma Ray 225 1076 12.25 

03/15/09 Dual Induction LL3 with SP 225 1076 12.25 

03/15/09 Borehole Compensated Sonic wNDL 225 1078 12 25 

03/21/09 X-Y Caliper, Gamma Ray 225 1062 32.50 

03/22/09 Cement Top Temperature (Stage 1) 1058 1062 24 00 

03/30/09 X-Y Caliper, Gamma Ray 1058 1703 12.25 

03/30/09 Dual Induction LL3 with SP 1058 1703 12.25 

03/30/09 Borehole Compensated Sonic wNDL & Log Derived TDS 1058 1703 12.25 

03/30/09 Fluid Conductivity, Temperature 1058 1703 12.25 

03/30/09 Flowmeter 1058 1703 12.25 

04/21/09 X-Y Caliper, Gamma Ray 1058 1462 22.50 

04/24/09 Cement Top Temperature (Stages 1-3) 1459 1462 16 00 

04/28/09 X-Y Caliper, Gamma Rey 1459 1703 12.25 & 14.75 

04/30/09  Cement Bond Log before cement 1650 1703 6.625 

05/01/09 Cement Top Temperature (Stages 1-2) 1650 1703 6.625 

05/26/09 Cement Bond Log after cement 1650 1703 6.625 

05/26/09 DZMW1 Final Video (DVD) 1650 1703 6 625 

'W denotes below (drilling) pad bre, 

'LL3' denotes eters resistivity 

'VOL' denotes a vartsbbs derelly log display 

-sr denotes spordeneous potential 

"MS' ddenotes total demised solids 

Table 3. Summary of Geophysical Logs Perfomied in IWI and MW1 
KLWTD Injection Well System, Key Largo, Florida 

Date Geophysical 
Survey Performed 

Casing Doptli 
(feet bpl) 

Open Hole Depth 
(feet bpl) 

Casing/Drilled Hole 
Diameter (Inches) 

11/21/08 X-Y Caliper, Gamma Ray - 227 60.5 

11/23/08 Cement Top Temperature (Stage 1) 223 227 52.0 

11/29/08 X-Y Caliper, Gamma Ray 223 1160 12.25 

11/29/08 Dual Induction LL3 with SP 223 1160 12 25 

11/29/08 Borehole Compensated Sonic w/VDL 223 1160 12.25 

12/11/08 X-Y Caliper, Gamma Ray 223 1070 46.50 

12/14/09 Cement Top Temperature (Stages 1-2) 1066 1070 36.00 

12^0/08 X-Y Caliper, Gamma Ray 1066 1746 12.25 

12/20/08 Dual InducUon LL3 with SP 1066 1746 12.25 

i2aom8 Borehole Compensated Sonic wA/DL & Log Derived TDS 1066 1746 12.25 

12/20/08 Fluid Conductivity. Temperature 1066 1746 12.25 

12/20/08 Flowmeter 1066 1746 12.25 

12/20/08 Borehole Televiewer* 1066 1746 12.25 

12/28/08 Pilot Hole 1.362-1,464 ft Video (DVD) 

01/06/09 X-Y Caliper, Gamma Rav 1066 1740 34.50 

01/09/09 Cement Top Temperature (Stages 1-4) 1730 1740 28.00 

01/22/09 X-Y Caliper, Gamma Ray 1730 3700 12.25 

01/22A)9 Dual Induction LL3 with SP 1730 3700 12 25 

01/22/09 Borehole Compensated Sonic w/VDL & Log Derived TDS 1730 3700 12.25 

01/22/09 Fluid Conductivity. Temperature 1730 3700 12 25 

01/22/09 Flowmeter 1730 3700 12.25 

01/22A)9 Borehole Televievrer* 1730 3700 12.25 

02/21/09 X-Y Caliper, Gamma Ray 1730 3604 2 8 & 2 2 

02/27/09 Cement Top Temperature (Stages 1-5) 2736 3604 16.00 

03/01/09 Cement Bond Log 2738 3604 16.00 

03/01/09 IWI Final Video (DVD) 2736 3604 16&22 

05/26/09 High Resolution Temperature 2736 3604 22.00 

05/26/09 Radioactive Tracer Survey 2736 3604 22.00 

03/11/09 X-Y Caliper, Gamma Ray - 228 42.5 

03/12/09 Cement Top Temperature (Stage 1) 225 228 34.0 
03/15/09 X-Y Caliper, Gamma Ray 225 1076 12.25 

03/15/09 Dual Induction LL3 with SP 225 1076 12.25 
03/15/09 Borehole Compensated Sonic w/VDL 225 1076 12 25 

03/21/09 X-Y Caliper, Gamma Ray 225 1062 32.50 

03/22A>9 Cement Top Temperature (Stage 1) 10S8 1062 24 00 

03/30/09 X-Y Caliper. Gamma Ray 1058 1703 12.25 
03/30/09 Dual Induction LL3 with SP 1058 1703 12.25 

03/30/09 Borehole Compensated Sonic w/VDL & Log Derived TDS 1058 1703 12.25 

03/30/09 Fluid Conductivity. Temperature 1058 1703 12.25 

03/30/09 Flowmeter 1058 1703 12.25 

04/21/09 X-Y Caliper, Gamma Ray 1058 1462 22.50 

04/24/09 Cement Top Temperature (Stages 1-3) 1459 1462 16 00 

04/28/09 X-Y Caliper, Gamma Ray 1459 1703 12.25 & 14.75 

04/30/09 Cement Bond Log before cement 1650 1703 6.625 

05/01/09 Cement Top Temperature (Stages 1-2) 1650 1703 6.625 

05/26/09 Cement Bond Log after cement 1650 1703 6.625 

05/26mg DZMW1 Final Video (DVD) 1650 1703 6 625 

'bpr danotes below (dritUng) pad lew) 

*LL3' denotes lateral reslstlvfty 

*VDL' denotas a varlabb density tog display 

'SP* denotes spontaneous potanlial 

TDS ' ddenotes total dissotved soBds 



Table 4. Summary of Hydraulic Conductivities and Porosity from Core Analyses for Injection Well IW1 
KLWTD Injection Well System, Key Largo, Florida 

Core Number Cored Interval 

(feet bpi) 

Core Sample Interval 

(feet bpi) 

Porosity 

(%) 
Horizontal Hydraulic 

Conductivity 
(cm/sec) 

Vertical Hydraulic 
Conductivity 

(cm/sec) 
Horizontal I Vertical 

1 1729-1745 

1729.7-1730.2 15.7 15 7 3 2 x 104  1.2 x 104  

1733 3-1734.55 11.3 11 2 1 3 x 104  5 0 x 10-9  

1736.1-1737.0 7.3 7 4 3 8 x 10-n  I 0 x 10-' 

2 1858-1873 

1859.5-1860.35 35.4 35 4 3 0 x 104  2 3 x 104  

1862 4-1863.0 41.3 41 0 1 4 x 10'5  5 2 x 104  

1868.45-1869.2 17.2 18.0 8 7 x 104  1 I x 104  

3 1980-1995 

1982.85-1983 8 36.1 35 8 8 5 x 104  6 6 x 104  

1987.85-1988 5 13.6 13 9 8 2 x 104  5 I x 104  

1990.4-1991.3 26.0 25 7 8 8 x 104 - 9 I x 104  

4 2100-2116 

2102.55-2103.5 35.6 36 1 1 2 x 104  1 2 x 104  

2107.15-2107.8 14.7 15 3 1 5 x 10-7 
I 3 x 10-7  

2110.9-2111.65 37.5 36 6 3 3 x 10-3  3.6 x 10-' 

5 2182-2197 

2182.35-2182.95 25.3 25 7 5 1 x 104  4 0 x 104  

2187.55-2188 2 3t6 32 3 49 x le 7 4 x 104  

2191.25-2191.8 27.2 27 1 1 4 x 104  9 1 x 10-7  

"bpr denotes below pad level 
"cm/sec" denotes centimeter per second 

-Based on logging, testing and core analyses, the pnmary confining interval between the lowermost USDW and the injection zone is located between 1,575 feet and 2,816 feet bpl. 
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Table 4. Summary of Hydraulic Conductivities and Porosity from Core Analyses for Injection Well IW1 
KLWTD Injection Well System, Key Largo, Florida 

Core Number Cored Interval 

(feet bpl) 

Core Sample Interval 

(feet bpl) 

Porosity 

(%) 
Horizontal Hydraulic 

Conductivity 
(cm/sec) 

Vertical Hydraulic 
Conductivity 

(cm/sec) 

Core Number Cored Interval 

(feet bpl) 

Core Sample Interval 

(feet bpl) Horizontal Vertical 

Horizontal Hydraulic 
Conductivity 

(cm/sec) 

Vertical Hydraulic 
Conductivity 

(cm/sec) 

1 1729-1745 

1729.7-1730.2 15.7 15 7 3 2x lO'' 1.2 x 10"' 
1 1729-1745 1733 3-1734.55 11.3 11 2 1 3x 10"" 50x 10"' 1 1729-1745 

1736.1-1737.0 7.3 74 3 8x 10"" 1 Ox 10"' 

2 1858-1873 

1859.5-1860.35 35.4 35 4 3 Ox 10""' 23x10" '̂ 

2 1858-1873 1862 4-1863.0 41.3 41 0 1 4x 10"' 5 2x lO"' 2 1858-1873 

1868.45-1869.2 17.2 18.0 8 7x 10"* 1 1 X 10"' 

3 1980-1995 
1982.85-1983 8 36.1 35 8 85x 10"* 66x 10"' 

3 1980-1995 1987.85-1988 5 13.6 139 82x 10"" 5 1 X 10"" 3 1980-1995 

1990.4-1991.3 26.0 25 7 8 8x10"' 9 1 X 10"' 

4 2100-2116 

2102.55-2103.5 35.6 36 1 1 2x lO"' 1 2x 10"* 
4 2100-2116 2107.15-2107.8 14.7 15 3 1 5x 10"' 1 3 X 10"' 4 2100-2116 

2110.9-2111.65 37.5 36 6 3 3x 10"' 3.6 X 10"' 

5 2182-2197 
2182.35-2182.95 25.3 25 7 5 1 X 10"' 40 x 10"' 

5 2182-2197 2187.55-2188 2 31.6 32 3 49x 10"' 74x 10"" 5 2182-2197 

2191.25-2191.8 27.2 27 1 1 4x lO"̂ ' 9 1 X 10"' 

"bpl" denotes below pad level 
"cm/sec" denotes centimeter per second 
-Based on logging, testing and core analyses, the pnmary confining interval between the lowermost USDW and the injection zone is located between 1,575 feet and 2,816 feet bpl. 
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Table 5 Summary of Packer Test Final Water Sample Analytical Results 
KLWTD Injection Well System, Key Largo, Florida 

Packer 
Test 

Number 

Well Sample 
Date 

Test Interval 

(feet bpl) 

Ammonia 
Nitrogen 
(mg/L) 

Specific 
Conductance 
(limbos/cm) 

Chloride 

(mg/L) 

Total 
Phosphorus 

(mg/L) 

Sulfate 

(mg/L) 

Total 
Dissolved Solids 

(mg/L) 

Total Kjeldahl 
Nitrogen 
(mg/L) 

pH 
Lab Result 
(pH units) 

1 IW 1 12/22/08 1,565-1,746 0.42 30,800 12,800 0.4 2,640 19,500 0.40 7.33 

2 IW 1 12/27/08 1,279-1,319 0.14 8,690 2,742 0.13 566 5,124 0.36 7.57 

3 IWI , 1/26/09 1,879-1,907 . 0.05 59,200 25,200 0.078 2,920 47,500 0.20. 5.93 

4 IW 1 1/27/09' 2,209-2,237 nd 50,500 19,300 0.11  2,650 30,100 0.20 8.22 ` 

5 . IW1 - 1/29/09 2,449-2,477 : 0.08 46,300 20,500 nd 2,670 29,300 0.21. 8.58 

6 IW 1 . 1/30/09 2,594-2,622 . v 0:39 . 51,800 ' 20,100 nd 2,620 . 38,300 0.53 7.46 

7 MW 1 4/1/09 1,649-1,700 0.43 32,100 11,900 0.160 2,430 21,100 0.55 7.25 

8 MW 1 4/2/09 1,434-1,481 0.16 9,910 3,070 0.120 366 5,470 0.83 7.54 

9 MW 1 4/6/09 1,459-1,486 0.29 17,500 5,810 0.110 1,070 10,400 0.34 7.55 

10 MW 1 4/7/09 1,489-1,516 0.31 18,700 6,030 0.170 998 10,600 0.10 7.53 

11 MW 1  4/10/09 1,699-1,755 0.46 31,900 11,100 0.100 2,060 19,033 0.45 7.13 

"bpi" denotes below pad level 

"mg/L" denotes concentration in units of milligrams per liter. 

"µmhos/cm" denotes specific conductance in units of micromhos per centimeter. 

"nd" denotes analyte not detected 

Tests No. 1, 7 and 11 utilized a single-packer, and test intervals were measured from inflation-element centerline to the bottom of the borehole. 

The remaining tests utilized a straddle-packer construction and intervals were measured between packers centerlines. 
Due to very low pumping rates during PT#3 through #6 (shaded), insufficient water was purged to collect a representative formation water sample. 
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Table 5 Summary of Packer Test Final Water Sample Analytical Results 
KLWTD Injection Well System, Key Largo, Florida 

Packer 
Test 

Number 

Well Sample 
Date 

Test Interval 

(feet bpl) 

Ammonia 
Nitrogen 
(mg/L) 

Specific 
Conductance 
()tmhos/cm) 

Chloride 

(mg/L) 

Total 
Phosphorus 

(mg/L) 

Sulfate 

(mg/L) 

Total 
Dissolved Solids 

(mg/L) 

Total Kjeldahl 
Nitrogen 
(mg/L) 

pH 
Lab Result 
(pH units) 

1 IWI 12/22/08 1,565-1,746 0.42 30,800 12,800 0.4 2,640 19,500 0.40 7.33 

2 IWI 12/27/08 1,279-1,319 0.14 8,690 2,742 0.13 566 5,124 0.36 7.57 

.3 IWI 1/26/09 1,879-1,907 0.05 59,200 25,200 0.078 2,920 47,500 0.20. 5.93 

4 IWI 1/27/09' 2,209-2,237 nd 50,500 19,300 0.11 2,650 30,100 0.20 8.22 

5 . IWI • 1/29/09 2,449-2,477 0.08 46,300 20,500 nd 2,670 29,300 0.21, 8.58 

6 IW1 1/30/09 2,594-2,622 .0.39 51,800 20,100 .nd . 2,620 38,300 0.53 .7.46 

7 MW1 4/1/09 1,649-1,700 0.43 32,100 11,900 0.160 2,430 21,100 0.55 7.25 

8 MW1 4/2/09 1,434-1,481 0.16 9,910 3,070 0.120 366 5,470 0.83 7.54 

9 MW1 4/6/09 1,459-1,486 0.29 17,500 5,810 0.110 1,070 10,400 0.34 7.55 

10 MW1 4/7/09 1,489-1,516 0.31 18,700 6,030 0.170 998 10,600 0.10 7.53 

11 MW1 4/10/09 1,699-1,755 0.46 31,900 11,100 0.100 2,060 19,033 0.45 7.13 

"bpl" denotes below pad level 
"mg/L" denotes concentration in units of milligrams per liter. 
"nmhos/cm" denotes specific conductance In units of micromhos per centimeter. 
"nd" denotes analyte not detected 
Tests No. 1, 7 and 11 utilized a single-packer, and test intervals were measured from inflation-element centerline to the bottom of the borehole. 
The remaining tests utilized a straddle-packer construction and intervals were measured between packers centerlines. 
Due to very low pumping rates during PT#3 through #6 (shaded), insufficient water was purged to collect a representative formation water sample. 
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Table 6. Summary of Packer Test Data and Horizontal Hydraulic Conductivity Estimates 
KLWTD Injection Well System, Key Largo, Florida 

Packer 
Test 

Date Well 

Depth 

interval 

(feet bpi) 

Tested Aquifer 

Thickness 

(feet) 

Pumping 

Rate 

(gpm) 

Specific 

Capacity 

(gprnift) 

Estimated 

Transmissivity 

(gpd/ft) 

Estimated Horizontal 

Hydraulic Conductivity 

(gpd/sq ft) 

Estimated Horizontal 

Hydraulic Conductivity 

(cm/see) 

Method 

of Interpretation 

Drawdown Recovery Drawdown Recovery Drawdown Recovery 

1 12/22/08 IW1 1,564-1,746 181 31.0 0.25 600 600 2.8 2.8 1.30E-04 1.30E-04 Turcan (1963) 

2 12/27/08 1W1 1,279-1,319 40 51 3 0.45 900 900 22.5 22.5 1.06E-03 1.06E-03 Turcan (1963) 

3 1/26/09 IW1 1,879-1,907 28 1.2 0.01 20 20 0.7 0 7 3.37E-05 3.37E-05 Turcan (1963) 

4 1/27/09 IW1 2,209-2,237 28 4.0 0.03 60 60 2.1 2.1 1.01E-04 101E-04 Turcan (1963) 

5 1/29/09 1W1 2,449-2,477 28 4.0 0.05 100 100 3.6 3.6 1 68E-04 1.68E-04 Turcan (1963) 

5 1/30/09 1W1 2,594-2,622 28 4.0 0 04 80 80 2.9 2.9 1.35E-04 1.35E-04 Turcan (1963) 

7 4/1/09 MW1 1,649-1,700 51 25.5 0.25 500 500 17.9 17.9 8.42E-04 8.42E-04 Turcan (1963) 

8 4/2/09 MW1 1,434-1,481 47 82.3 1.27 2,540 2,540 90.7 90 7 4.28E-03 4.28E-03 Turcan (1963) 

9 4/6/09 MW1 1,459-1,486 27 78.0 1.27 2,040 2,040 72.9 72.9 3.44E-03 3.44E-03 Turcan (1963) 

10 4/7/09 MW1 1,489-1,516 27 66.7 0.61 1,220 1,220 45 2 45.2 2.13E-03 2.13E-03 Turcan (1963) 

11 4/10/09 MW1 1,699-1,755 56 6.5 0.06 

bpi denotes below pad level 

gpm denotes gallons per minute. 

gpm/ft denotes specific capacity in units of "gallons per minute per feet of drawdown" 

gpd/ft denotes transmissnnty in units of "gallons per day per foot", and is estimated using a method by Turcan. 

gpd/sq ft denotes honzontal hydraulic conductivity in "gallons per day per square foot" 

an/sec denotes hydraulic conductivity in units of "centimeters per second" 

E denotes scientific notation (ex 1.30E-04 means 1 30 X 104) 

Note The estimated honzontal hydraulic conductivity value was calculated by assuming that the packer interval was the effective aquifer thickness Thus, the estimated honzontal hydraulic conductivity reported represent probable 
"maximum" honzontal hydraulic coductivity for each interval tested 
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Table 6. Summary of Packer Test Data and Horizontal Hydraulic Conductivity Estimates 
KLWTD Injection Weil System, Key Largo, Florida 

Packer 
Test 

Date Well 

Depth 
Interval 

(feet bpl) 

Tested Aquifer 
Thickness 

(feet) 

Pumping 
Rate 

(gpm) 

Specific 
Capacity 
(gpm/fl) 

Estimated 
Transmissivity 

(gpd/ft) 

Estimated Horizontal 
Hydraulic Conductivity 

(gpd/sq ft) 

Estimated Horizontal 
Hydraulic Conductivity 

(cm/sec) 

Method 
of Interpretation Packer 

Test 
Date Well 

Depth 
Interval 

(feet bpl) 

Tested Aquifer 
Thickness 

(feet) 

Pumping 
Rate 

(gpm) 

Specific 
Capacity 
(gpm/fl) 

Drawdown Recovery Drawdown Recovery Drawdown Recovery 

Method 
of Interpretation 

1 12/22/08 IW1 1,564-1,746 181 31.0 0.25 600 600 2.8 2.8 1.30E-04 1.30E-04 Turcan (1963) 

2 12/27/08 IWI 1,279-1,319 40 51 3 0.45 900 900 22.5 22.5 1.06E-03 1.06E-03 Turcan (1963) 

3 1/26/09 IWI 1,879-1,907 28 1.2 0.01 20 20 0.7 0 7 3.37E-05 3.37E-05 Turcan (1963) 

4 1/27/09 IW1 2,209-2,237 28 4.0 0.03 60 60 2.1 2.1 1.01E-04 1 01E-04 Turcan (1963) 

6 1/29/09 IWI 2,449-2,477 28 4.0 0.05 100 100 3.6 3.6 1 68E-04 1.68E-04 Turcan (1963) 

6 1/30/09 IWI 2,594-2,622 28 4.0 0 04 80 80 2.9 2.9 1.35E-04 1.35E-04 Turcan (1963) 

7 4/1/09 MW1 1,649-1,700 51 25.5 0.25 500 500 17.9 17.9 8.42E-04 8.42E-04 Turcan (1963) 

8 4/2/09 MW1 1,434-1,481 47 82.3 1.27 2,540 2,540 90.7 90 7 4.28E-03 4.28E-03 Turcan (1963) 

8 4/6/09 MW1 1,459-1,486 27 78.0 1.27 2,040 2,040 72.9 72.9 3.44E-03 3.44E-03 Turcan (1963) 

10 4/7/09 MW1 1,489-1,516 27 66.7 0.61 1,220 1,220 45 2 45.2 2.13E-03 2.13E-03 Turcan (1963) 

11 4/10/09 MW1 1,699-1,755 56 6.5 0.06 

bpl denotes below pad level 

gpm denotes gallons per minute. 

gpm/R denotes specific capacity in unrts of "gallons per minute per feet of drawdown" 

gpd/ft denotes transmissivity in units of "gallons per day per foof, and is estimated using a method by Turcan. 

gpd /^ ft denotes honzontal hydraulic conductivity in "gallons per day per square foot" 

cm/sec denotes hydraulic conductivity m units of "centimeters per second" 

E denotes saentific notation (ex 1.30E-04 means 1 30 X 1cr^ 

Note The estimated honzontal hydraulic conductivity value was calculated by assuming that the packer mten/al was the effective aquifer thickness 
"maximum" honzontal hydraulic coductivity for each interval tested 

Thus, the estimated honzontal hydraulic conductivity reported represent probable 
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Table 7. Summary of Inclination Survey Results in Injection Well IW1 
KLWTD Injection Well System, Key Largo, Florida 

Date Drill Bit Diameter 
(inches) 

Inclination Survey Depth 
(feet) 

Survey Result (degrees) 
Deviation Total I Deviation Change 

11/21/08 60.5 90 0.80 0.80 

11/21/08 60.5 180 0.70 0.10 

11/25/08 12.25 270 0.40 0.40 

11/25/08 12.25 360 0.40 0.40 

11/25/08 12.25 450 0.30 0.30 

11/25/08 12.25 540 0.30 0.30 

11/25/08 12.25 630 0.50 0.20 

11/25/08 12.25 720 1.00 0.50 

11/26/08 12.25 810 0.50 0.50 

11/26/08 12.25 900 0.40 0.10 

11/26/08 12.25 990 0.70 0.30 

11/29/08 12.25 1080 0.50 0.20 

12/1/08 46.5 290 0.30 0.00 

12/1/08 46.5 380 0.50 0.20 

12/2/08 46.5 470 0.60 0.10 

12/2/08 46.5 560 0.50 0.10 

12/4/08 46.5 650 0.50 0.00 

12/5/08 46.5 740 0.70 0.20 

12/6/08 46.5 830 0.30 0.40 

12/7/08 46.5 920 0.50 0.20 

12/9/08 46.5 1010 0.60 0.10 

12/17/08 12.25 1150 0.20 0.30 

12/17/08 12.25 1240 0.60 0.40 

12/17/08 12.25 1330 0.40 0.20 

12/17/08 12.25 1420 0.30 0.10 

12/17/08 12.25 1510 0.30 0.00 

12/18/08 12.25 1600 0.40 0.10 

12/18/08 12.25 1690 0.70 0.30 

12/29/08 34.5 1,150 0.30 0.30 

12/30/08 34.5 1,240 0.10 0.20 

12/31/08 34.5 1,330 0.50 0.40 

12/31/08 34.5 1,420 0.70 0.20 

1/4/09 34.5 1,510 0.30 0.40 

1/4/09 34.5 1,600 0.75 0.45 

1/5/09 34.5 1,690 0.25 0.5 

1/11/09 12.25 1760 0.90 0.20 

1/13/09 12.25 1850 0.50 0.40 

1/13/09 12.25 1940 0.60 0.10 

1/14/09 12.25 2030 0.50 0.10 

1/15/09 12.25 2120 0.60 0.10 

1/17/09 12.25 2210 0.60 0.00 

1/17/09 12.25 2300 0.50 0.10 
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Table 7. Summary of Inclination Survey Results in Injection Well IW1 
KLWTD Injection Well System, Key Largo, Florida 

Date Drill Bit Diameter 
(Inches) 

Inclination Survey Depth 
(feet) 

Survey Result (degrees) Date Drill Bit Diameter 
(Inches) 

Inclination Survey Depth 
(feet) Deviation Total Deviation Change 

11/21/08 60.5 90 0.80 0.80 
11/21/08 60.5 180 0.70 0.10 
11/25/08 12.25 270 0.40 0.40 
11/25/08 12.25 360 0.40 0.40 
11/25/08 12.25 450 0.30 0.30 
11/25/08 12.25 540 0.30 0.30 
11/25/08 12.25 630 0.50 0.20 
11/25/08 12.25 720 1.00 0.50 
11/26/08 12.25 810 0.50 0.50 
11/26/08 12.25 900 0.40 0.10 
11/26/08 12.25 990 0.70 0.30 
11/29/08 12.25 1080 0.50 0.20 

12/1/08 46.5 290 0.30 0.00 
12/1/08 46.5 380 0.50 0.20 
12/2/08 46.5 470 0.60 0.10 
12/2/08 46.5 560 0.50 0.10 
12/4/08 46.5 650 0.50 0.00 
12/5/08 46.5 740 0.70 0.20 
12/6/08 46.5 830 0.30 0.40 
12/7/08 46.5 920 0.50 0.20 

12/9/08 46.5 1010 0.60 0.10 
12/17/08 12.25 1150 0.20 0.30 
12/17/08 12.25 1240 0.60 0.40 
12/17/08 12.25 1330 0.40 0.20 
12/17/08 12.25 1420 0.30 0.10 

12/17/08 12.25 1510 0.30 0.00 

12/18/08 12.25 1600 0.40 0.10 

12/18/08 12.25 1690 0.70 0.30 
12/29/08 34.5 1.150 0.30 0.30 
12/30/08 34.5 1.240 0.10 0.20 
12/31/08 34.5 1.330 0.50 0.40 

12/31/08 34.5 1.420 0.70 0.20 

1/4/09 34.5 1.510 0.30 0.40 

1/4/09 34.5 1.600 0.75 0.45 

1/5/09 34.5 1.690 0.25 0.5 

1/11/09 12.25 1760 0.90 0.20 

1/13/09 12.25 1850 0.50 0.40 

1/13/09 12.25 1940 0.60 0.10 

1/14/09 12.25 2030 0.50 0.10 
1/15/09 12.25 2120 0.60 0.10 

1/17/09 12.25 2210 0.60 0.00 

1/17/09 12.25 2300 0.50 0.10 
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Table 7. Summary of Inclination Survey Results in Injection Well IW1 
KLWTD Injection Well System, Key Largo, Florida 

Date Drill Bit Diameter 
(inches) 

Inclination Survey Depth 
(feet) 

Survey Result (degrees) 

Deviation Total I Deviation Change 

1/17/09 12.25 2390 0.20 0.30 

1/17/09 12.25 2480 0.20 0.00 

1/17/09 12.25 2570 0.05 0.15 

1/17/09 12.25 2660 0.25 0.20 

1/18/09 12.25 2750 0.60 0.35 

2/2/09 26.5 1,820 0.50 0.25 

2/3/09 26.5 1,910 0.30 0.20 

2/3/09 26.5 2,000 0.20 0.10 

2/4/08 26.5 2,090 0.20 0.00 

2/5/09 26.5 2,180 0.30 0.10 

2/6/09 26.5 2,270 0.15 0.15 

2/6/09 26.5 2,360 0.25 0.10 

2/7/09 26.5 2,450 0.15 0.10 

2/8/09 26.5 2,540 0.40 0.25 

2/9/09 26.5 2,630 0.25 0.15 

2/9/09 26.5 2,720 0.40 0.15 

The maximum allowable deviation from the vertical of any survey point is 1 degree 

The maximum allowable difference between any two successive survey points Is 0.5 degree. 

'bpi 'denotes below pad level 
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Table 7. Summary of Inclination Survey Results in Injection Well IWI 
KLWTD Injection Well System, Key Largo, Florida 

Date Drill Bit Diameter 
(inches) 

Inclination Survey Depth 
(feet) 

Survey Result (degrees) Date Drill Bit Diameter 
(inches) 

Inclination Survey Depth 
(feet) Deviation Total Deviation Change 

1/17/09 12.25 2390 0.20 0.30 
1/17/09 12.25 2480 0.20 0.00 
1/17/09 12.25 2570 0.05 0.15 
1/17/09 12.25 2660 0.25 0.20 
1/18/09 12.25 2750 0.60 0.35 
2/2/09 26.5 1.820 0.50 0.25 
2/3/09 26.5 1.910 0.30 0.20 
2/3/09 26.5 2.000 0.20 0.10 

2/4/08 26.5 2.090 0.20 0.00 
2/5/09 26.5 2,180 0.30 0.10 

2/6/09 26.5 2.270 0.15 0.15 

2/6/09 26.5 2.360 0.25 0.10 

2/7/09 26.5 2.450 0.15 0.10 

2/8/09 26.5 2.540 0.40 0.25 

2/9/09 26.5 2.630 0.25 0.15 
2/9/09 26.5 2.720 0.40 0.15 

The maximum allowable deviation from the vertical of any survey point is 1 degree 
The maximum allowable difference between any two successive survey points Is 0.5 degree. 
'bpl 'denotes below pad level 
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Table 8. Summary of Inclination Survey Results in Dual-Zone Deep Monitor Well MW1 
KLWTD Injection Well System, Key Largo, Florida 

Date 

Dril Bit 

Diameter (inches) 

Inclination 

Survey Depth (feet) 

Survey Result (degrees) 

Deviation Total I Deviation Change 

3/9/09 42.5 90 0.30 0.00 
3/9/09 42.5 180 0.50 0.20 

3/13/09 12.25 270 0.20 0.00 

3/13/09 12.25 360 0.20 0.00 

3/13/09 12.25 450 0.60 0.40 

3/13/09 12.25 540 0.60 0.00 

3/13/09 12.25 630 0.40 0.20 

3/14/09 12.25 720 0.20 0.20 

3/14/09 12.25 810 0.20 0.00 

3/14/09 12.25 900 0.20 0.00 

3/14/09 12.25 990 0.40 0.20 

3/16/09 32.5 270 0.25 0.00 

3/16/09 32.5 360 0.15 0.10 

3/16/09 32.5 450 0.40 0.25 

3/17/09 32.5 540 0.50 0.10 

3/17/09 32.5 630 0.40 0.10 

3/18/09 32.5 720 0.20 0.20 

3/18/09 32.5 810 0.30 0.10 

3/19/09 32.5 900 0.45 0.15 

3/19/09 32.5 990 0.30 0.15 

3/26/09 12.25 1,080 0.20 0.00 

3/27/09 12.25 1,170 0.25 0.05 

3/27/09 12.25 1,260 0.30 0.05 

3/27/09 12.25 1,350 0.50 0.20 

3/27/09 12.25 1,440 0.50 0.00 

3/27/09 12.25 1,530 0.30 0.20 

3/27/09 12.25 1,620 0.15 0.15 

4/9/09 12.25 1,710 0.25 0.10 

4/17/09 22.5 1,080 0.40 0.00 

4/18/09 22.5 1,170 0.30 0.10 

4/20/09 22.5 1,260 0.20 0.10 

4/20/09 22.5 1,350 0.20 0.00 

4/27/09 22.5 1,440 0.70 0.50 

4/27/09 14.75 1,530 0.70 0.00 
4/28/09 14.75 1,620 0.80 0.10 

The maximum allowable deviation from the vertical of any survey point is 1 degree 

The maximum allowable difference between any two successive survey points is 0.5 degree. 

bpi denotes below pad level 

11F16fp1eata\AProiects1WMF PROJECTS V156000-KEY LARGO IWRFInal Construction 8 Testing ReportIlitackground Data1Tables1 
T08 MW1 Ind Surveys.xls Page 1 of 1 

Table 8. Summary of Inclination Survey Results in Dual-Zone Deep Monitor Well MW1 
KLWTD Injection Well System, Key Largo, Florida 

Date 
DrII Bit 

Diameter (Inches) 
Inclination 

Survey Depth (feet) 
Survey Result (degrees) 

Date 
DrII Bit 

Diameter (Inches) 
Inclination 

Survey Depth (feet) Deviation Total Deviation Change 

3/9/09 42.5 90 0.30 0.00 
3/9/09 42.5 180 0.50 0.20 
3/13/09 12.25 270 0.20 0.00 
3/13/09 12.25 360 0.20 0.00 
3/13/09 12.25 450 0.60 0.40 
3/13/09 12.25 540 0.60 0.00 
3/13/09 12.25 630 0.40 0.20 
3/14/09 12.25 720 0.20 0.20 
3/14/09 12.25 810 0.20 0.00 
3/14/09 12.25 900 0.20 0.00 
3/14/09 12.25 990 0.40 0.20 
3/16/09 32.5 270 0.25 0.00 
3/16/09 32.5 360 0.15 0.10 
3/16/09 32.5 450 0.40 0.25 
3/17/09 32.5 540 0.50 0.10 
3/17/09 32.5 630 0.40 0.10 
3/18/09 32.5 720 0.20 0.20 
3/18/09 32.5 810 0.30 0.10 
3/19/09 32.5 900 0.45 0.15 
3/19/09 32.5 990 0.30 0.15 
3/26/09 12.25 1,080 0.20 0.00 
3/27/09 12.25 1,170 0.25 0.05 
3/27/09 12.25 1,260 0.30 0.05 
3/27/09 12.25 1,350 0.50 0.20 
3/27/09 12.25 1,440 0.50 0.00 
3/27/09 12.25 1,530 0.30 0.20 
3/27/09 12.25 1.620 0.15 0.15 
4/9/09 12.25 1.710 0.25 0.10 
4/17/09 22.5 1,080 0.40 0.00 
4/18/09 22.5 1,170 0.30 0.10 
4/20/09 22.5 1,260 0.20 0.10 
4/20/09 22.5 1,350 0.20 0.00 
4/27/09 22.5 1,440 0.70 0.50 
4/27/09 14.75 1.530 0.70 0.00 
4/28/09 14.75 1,620 0.80 0.10 

The maximum allowable deviation from the vertical of any survey point is 1 degree 
The maximum allowable difTerence between any two successive survey points is 0.5 degree. 
bpl denotes below pad level 

\\FI6fp\data\APraiects\WR\WF PROJECTSM 56000-KEY LARGO IW1\Flnal Construction & Testing ReporABackgraund Data\Tables\ 
T08 MW1 IncI Surveys Jds Page 1 of 1 



Table 9. Cementing Summary of Injection Well IW1, KLWTD Injection Well System, Key Largo, Florida 

Casing 
String 

Outside 

Diameter 
(Inches) 

inside 

Diameter 
(inches) 

Casing 

Depth 
(feet bpi) 

Date Cement 

Stage 

Type of Cement Cement 
Quantity 

(cubic feet) 

Remarks 

Pit 64.00 N/A 6 N/A N/A N/A N/A 

Neat 135 
11/22/2008 1 Tagged bottom at 227 feet bpl. Pressure grout. 

12% bentonite 3,228 Conductor 52.00 51.25 223 

11/23/2008 2 12% bentonite 348 
Tagged cement top at 45 feet bpl. Cement returns to 
surface. 

6% bentonite 842 
12/13/2008 1 Tagged bottom at 1,070 feet bpl. Pressure grout. 

Neat 814 

6% bentonite 1,044 
Surface 36.00 35.25 1066 12/14/2008 2 Tagged cement top at 655 feet bpl. Tremied in place. 

Neat 567 

12/14/2008 3 
6% bentonite 410 

Tagged cement top at 302 feet bpl. Cement returns to 

12% bentonite 1,723 
surface. 

6% bentonite 
— 

506 
1/7/2009 1 Tagged bottom at 1,740 feet bpl. Pressure grout. 

Neat 759 

1/8/2009 2 6% bentonite 562 Tagged cement top at 1,286 feet bpl. Tremied in place. 

Intermediate 28.00 27.25 1,730 6% bentonite 225 
1/8/2009 3 Tagged cement top at 1,113 feet bpl. Tremied In place. 

12% bentonite 618 

1/9/2009 4 12% bentonite 1068 Tagged cement top at 849 feet bpi. Tremied in place. 

1/9/2009 5 12% bentonite 1186 Tagged cement top at 438 feet bpl. Cement to surface 

2/25/2009 
stages 1-2 

Spotting
Neat+3% CaCI 33 

Tagged top of funnel plug at 2,736 feet bpl. Tremied in 
place 

2/25/2009 1 Neat 561 Tagged cement top at 2,725 feet bpl. Tremied in place. 

2/25/2009 2 6% bentonite 1381 Tagged cement top at 2,559 feet bpl. Tremled in place. 

Injection FRP 
16.00 14.48 2,736 

2/26/2008 3 6% bentonite 1684 Tagged cement top at 2,235 feet bpl. Tremied in place. 

6% bentonite 702 Tubing 
2/26/2008 4 Tagged cement top at 1,812 feet bpi Tremied in place. 

12% bentonite 1263 

2/27/2009 5 12% bentonite 1628 Tagged cement top at 1,115 feet bpl. Tremied in place. 

3/3/2009 6 12% bentonite 1359 Tagged cement top at 507 feet bpl. Cement to surface. 

Total (cubic feet): 22,646 
Notes: 
'NM' denotes data rot available" 

-bpi" denotes below pad level 

Neat cement refers to Portland Type NI cement with no additives 

6% bentonite refers to Portland Type WI cement with a 6% (by weight) bentonite additive 

12% bentonite refers to Portland Type 1/11 cement with a 12% (by weight) bentonite additive 
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Table 9. Cementing Summary of Injection Well IW1, KLWTD Injection Well System, Key Largo, Florida 

Casing 
String 

Outside  
Diameter  
(Inches) 

Inside  
Diameter  
( Inches) 

Casing  
Depth  

(feet bpl) 

Date Cement 
Stage 

Type of Cement Cement  
Quantity  

(cubic feet) 

Remartis 

Pi t 64.00 N/A 6 N/A N/A N/A N/A 

C o n d u c t o r 

Neat 
11/22/2008 

52.00 51.25 223 12%bentonite 3,228 

11/23/2008 12% bentonite 348 

Tagged bottom at 227 feet bpl. Pressure grout. 

Tagged cement top at 45 feet bpl. Cement returns to 
surface. 

S u r f a c e 

6% bentonite 

Neat 

842 

814 
Tagged bottom at 1,070 feet bpl. Pressure grout. 

6% bentonite 
36.00 35.25 1066 12/14/2008 

Neat 

1.044 

567 
Tagged cement top at 655 feet bpl. Tremied In place. 

12/14/2008 
6% bentonite 

12% bentonite 

410 

1,723 

Tagged cement top at 302 feet bpl. Cement returns to 
surface. 

In termediate 

6% bentonite 
1/7/2009 

Neat 

506 

759 
Tagged bottom at 1,740 feet bpl. Pressure grout. 

1/8/2009 6% bentonite 

28.00 27.25 1,730 6% bentonite 
1/8/2009 

1/9/2009 

12% bentonite 

12% bentonite 

1/9/2009 12% bentonite 

562 

225 

618 

Tagged cement top at 1,266 feet bpl. Tremied in place. 

Tagged cement top at 1.113 feet bpl. Tremied In place. 

1068 Tagged cement top at 849 feet bpl. Tremied in place. 

1186 Tagged cement top at 438 feet bpl. Cement to surface 

In ject ion F R P 
T u b i n g 

2/25/2009 
Spotting  

stages 1-2 
Neat'i'3% CaQ 33 Tagged top of funnel plug at 2,736 feet bpl. Tremied in 

place 

2/25/2009 

2/25/2009 

Neat 

6% bentonite 

561 

1381 

Tagged cement top at 2,725 feet bpl. Tremied in place. 

Tagged cement top at 2,559 feet bpl. Tremied In place. 

2/26/2008 6% bentonite 
16.00 14.46 2,736 

6% bentonite 

1684 

702 

Tagged cement top at 2,235 feet bpl. Tremied in place. 

2/26/2008 
12% bentonite 1263 

2/27/2009 12% bentonite 1628 

Tagged cement top at 1,812 feet bpl Tremied in place. 

Tagged cement top at 1,115 feet bpl. Tremied in place. 

3/3/2009 12% bentonite 1359 Tagged cement top at 507 feet bpl. Cement to surface. 

Tota l ( c u b i c feet ) : 22 ,646 
Notes: 
'N/A' denotes 'data not avsilable' 
'bpr denotes below pad level 
Neat cement refers to Portland Type l/ll cement with no additives 
6% bentonite refers to Portland Type l/ll cement wtlti a 6% (by weigtit) bentonite additive 
12% bentonite refers to Portland Type 1/11 cement with a 12% (by weight) bentonite additive 
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Table 10. Cementing Summary of Dual-Zone Deep Monitor Well MW1, 
KLWTD Injection Well System, Key Largo, Florida 

Casing 
String 

Outside 
Diameter 
(Inches) 

Inside 
Diameter 
(inches) 

Casing 
Depth 

(feet bpl) 

Date Cement 
Stage 

Type of Cement Quantity of 
Cement 

(cubic feet) 

Remarks 

Pit 44.00 N/A 6 N/A N/A N/A N/A 

Conductor 34.00 33.25 225 
3/11/2009 1 12% bentonite 1,331 Tagged bottom at 228 feet bpl. Pressure grout. 

3/12/2009 2 12% bentonite 382 Tagged cement top at 67 feet bpl, cemented to surface. 

Surface 24.00 23.25 1,058 
3/22/2009 1 

Neat 314 
Tagged bottom at 1,062 feet bpl. Pressure grout. 

6% bentonite 1145 

3/23/2009 2 6% bentonite 1471 Tagged cement top at 409 feet bpl. Cement to surface. 

UMZ Casing 16.00 15.00 1,459 

4/23/2009 
Spot #1 Neat+ 3% Cad! 3 Tagged bottom at 1,465 feet bpl. Tremied in place. 

Tagged cement top at 1,463 feet bpl. Tremied in place. 1 Neat 79 

4/24/2009 

2 6% bentonite 758 Tagged cement top at 1,417 feet bpl. Tremied in place. 

3 6% bentonite 842 Tagged cement top at 1,217 feet bpl. Tremied in place. 

4 12% bentonite 1,375 Tagged cement at 854 feet bpl. Cement to surface. 

LMZ FRP 

Tubing 
6.625 5.43 1,751 

4/30/2009 Spot #1 Neat w/ 3% CaCI 3 Tagged bottom at 1,642 feet bpl. Tremie in place. 

4/30/2009 Spot #2 Neat w/ 3% Cad! 6 Tagged cement top at 1,641 feet bpl. Tremied in place. 

5/1/2009 1 Neat 112 Tagged cement top at 1,630 feet bpl. Tremied in place. 

5/1/2009 2 Neat w/ 3% CaCI 45 Tagged cement top at 1,541 feet bpl. Tremied in place. 

5/1/2009 Spot #3 Neat w/ 3% CaCI 11 
Tagged cement top at 1,501 feet bpl. Tremied in place and 
tagged top of cement at 1,494 feet bpl. 

Total (cubic feet): 6,546 
Notes: 
"N/A" denotes "data not available" 

"bpl" denotes below pad level. 

Neat cement refers to Portland Type I/II cement with no additives 

6% bentonite refers to Portland Type I/11 cement with a 6% (by weight) bentonite additive 

12% bentonite refers to Portland Type I/II cement with a 12% (by weight) bentonite additive 

"UMZ" denotes Upper Monitor Zone 

"LMZ" denotes Lower Monitor Zone 

"FRP" denotes fiberglass reinforced plastic. 
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Table 10. Cementing Summary of Dual-Zone Deep Monitor Well MW1, 
KLWTD Injection Well System, Key Largo, Florida 

Casing 
String 

Outside 
Diameter 
(inches) 

inside 
Diameter 
(inches) 

Casing 
Depth 

(feet bpl) 

Date Cement 
Stage 

Type of Cement Quantity of 
Cement 

(cubic feet) 

Remarks 

Pit 44.00 N/A 6 N/A N/A N/A N/A 

Conductor 34.00 33.25 225 
3/11/2009 1 12% bentonite 1,331 Tagged bottom at 228 feet bpl. Pressure grout. 

Conductor 34.00 33.25 225 
3/12/2009 2 12% bentonite 382 Tagged cement top at 67 feet bpl, cemented to surface. 

Surface 24.00 23.25 1,058 
3/22/2009 1 

Neat 314 
Tagged bottom at 1,062 feet bpl. Pressure grout. 

Surface 24.00 23.25 1,058 
3/22/2009 1 

6% bentonite 1145 
Tagged bottom at 1,062 feet bpl. Pressure grout. 

Surface 24.00 23.25 1,058 

3/23/2009 2 6% bentonite 1471 Tagged cement top at 409 feet bpl. Cement to surface. 

UMZ Casing 16.00 15.00 1,459 

4/23/2009 
Spot#1 

1 

Neat-̂  3% CaCI 3 Tagged bottom at 1,465 feet bpl. Tremied in place. 

Tagged cement top at 1,463 feet bpl. Tremied in place. 

UMZ Casing 16.00 15.00 1,459 

4/23/2009 
Spot#1 

1 Neat 79 

Tagged bottom at 1,465 feet bpl. Tremied in place. 

Tagged cement top at 1,463 feet bpl. Tremied in place. 

UMZ Casing 16.00 15.00 1,459 

4/24/2009 

2 6% bentonite 758 

842 

Tagged cement top at 1,417 feet bpl. Tremied in place. UMZ Casing 16.00 15.00 1,459 

4/24/2009 3 6% bentonite 

758 

842 Tagged cement top at 1,217 feet bpl. Tremied in place. 
UMZ Casing 16.00 15.00 1,459 

4/24/2009 

4 12% bentonite 1,375 Tagged cement at 854 feet bpl. Cement to surface. 

LMZ FRP 
Tubing 6.625 5.43 1,751 

4/30/2009 Spot#1 Neatw/3%CaCI 3 Tagged bottom at 1,642 feet bpl. Tremie in place. 

LMZ FRP 
Tubing 6.625 5.43 1,751 

4/30/2009 Spot #2 Neat w/3% CaCI 6 Tagged cement top at 1,641 feet bpl. Tremied in place. 

LMZ FRP 
Tubing 6.625 5.43 1,751 5/1/2009 1 Neat 112 Tagged cement top at 1,630 feet bpl. Tremied in place. LMZ FRP 
Tubing 6.625 5.43 1,751 

5/1/2009 2 Neatw/3%CaCI 45 Tagged cement top at 1,541 feet bpl. Tremied in place. 

LMZ FRP 
Tubing 6.625 5.43 1,751 

5/1/2009 Spot #3 Neatw/3%CaCI 11 
Tagged cement top at 1,501 feet bpl. Tremied in place and 
tagged top of cement at 1,494 feet bpl. 

Total (cubic feet): 6,546 
Notes: 
"N/A" denotes 'data not available' 
"bpl' denotes below pad level. 
Neat cement refers to Portland Type l/il cennent witli no additives 
6% bentonite refers to Portland Type l/ll cement with a 6% (by weigtit) bentonite additive 
12% bentonite refers to Portland Type l/il cement witti a 12% (by weight) bentonite additive 
'UM? denotes Upper Monitor Zone 
"LMZ" denotes Lower Monitor Zone 
'FRP" denotes fiberglass reinforced plastic. 
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Appendix A 

FDEP Construction Permit 

Appendix A 

FDEP Construction Pennit 



Florida Department of 
Environmental Protection 

South District 
P.O. Box 2549 

Fort Myers, Florida 33902-2549 

Charlie Crist 
Governor 

Jeff Kottkamp 
Lt. Governor 

Michael W. Sole 
Secretary 

    

SENT VIA ELECTRONIC MAIL: 

In the Matter of an 
Application for Permit by: 

January 11, 2008 

Mr. Charles F. Fishburn, KLWTD General Manager 
Key Largo Wastewater Treatment District. 
98880 Overseas Highway, P.O. Box 491 

Email: cffishburn@aol.com  

Monroe County - UIC  
File Number: 272762-001-UC/1M 
Key Largo Class I Injection Well IW-1 
Class I Injection Well System 

NOTICE OF PERMIT 

Enclosed is Permit Number 272762-00 I-UC/ 1M to construct one (1) Class 1 Injection Well, (IW-1), system, 
issued pursuant to Section(s) 403.087, Florida Statutes. 

Any party to this Order, (Permit), has the right to seek judicial review of the permit pursuant to Section 120.68, 
Florida Statutes, by filing of a Notice of Appeal pursuant to Rule 9.110, Florida Rules of Appellate Procedure, 
with the Clerk of the Department in the Office of General Counsel, 3900 Commonwealth Boulevard, Mail 
Station 35, Tallahassee, Florida 32399-3000; and by filing a copy of the Notice of Appeal accompanied by the 
applicable filing fees with the appropriate District Court of Appeal. The Notice of Appeal must be filed within 
30 days from the date this Notice is filed with the Clerk of the Department. 

Executed in Lee County, Florida. 

STATE OF FLORIDA DEPARTMENT 
OF ENVIRONMENTAL PROTECTION 

Jon M. Iglehart 
Director of District Management 

Page 1 of 2 

i FLORI 

Florida Department of 
Environmental Protection 

South District 
P.O. Box 2549 

Fort Myers, Florida 33902-2549 

Charlie Crist 
Governor 

Jeff Kottkamp 
Lt. Governor 

Michael W. Sole 
Secretary 

SENT VIA ELECTRONIC MAIL: 

In the Matter of an 
Application for Permit by: 

Mr. Charles F. Fishbum, KLWTD General Manager 
Key Largo Wastewater Treatment District. 
98880 Overseas Highway, P.O. Box 491 

Email: cffishbum@aol.com 

January 11,2008 

Monroe Coimtv - UIC 
File Number: 272762-001-UC/lM 
Key Largo Class I Injection Well IW-1 
Class I Injection Well System 

NOTICE OF PERMIT 

Enclosed is Permit Number 272762-001-UC/lM to construct one (1) Class 1 Injection Well, (IW-1), system, 
issued pursuant to Section(s) 403.087, Florida Statutes. 

Any party to this Order, (Permit), has the right to seek judicial review of the permit pursuant to Section 120.68, 
Florida Statutes, by filing of a Notice of Appeal pursuant to Rule 9.110, Florida Rules of Appellate Procedure, 
with the Clerk of the Department in the Office of General Counsel, 3900 Commonwealth Boulevard, Mail 
Station 35, Tallahassee, Florida 32399-3000; and by filing a copy of the Notice of Appeal accompanied by the 
applicable filing fees with the appropriate District Court of Appeal. The Notice of Appeal must be filed within 
30 days from the date this Notice is filed with the Clerk of the Department. 

Executed in Lee County, Florida. 

STATE OF FLORIDA DEPARTMENT 
OF ENVIRONMENTAL PROTECTION 

Jon M. Iglehart 
Director of District Management 
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CERTIFICATE OF SERVICE 

The undersigned designated clerk hereby certifies that this NOTICE OF PERMIT and all copies were mailed 
before the close of business on January 11, 2008 to the listed persons. 

Clerk Stamp 

FILING AND ACKNOWLEDGMENT 

FILED, on this date, pursuant to Section 120.52, Florida Statutes, with the designated Department Clerk, 
receipt of which is hereby acknowledged. 

1.11.08 

Clerk Date 

JMI/DR/pr 

Enclosure 

Cc Nancy Marsh, EPA (marsh.nancy@epa.gov) 
Craig Boomgaard, SFWMD (cboomgaa@sfwmd.gov) 
Ron Reese, USGS (rsreese(a,usgs.gov) 
Joe Haberfeld, FDEP (joe.haberfeld@dep.state.fLus) 
David K. Smith, P.G. (Davidk.Smithaarcadis-us.com) 
Gus Rios, FDEP Marathon (mailto:gus.rios@dep.state.fl.us)  
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Florida Department of 
Environmental Protection 

South District 
P.O. Box 2549 

Fort Myers, Florida 33902-2549 

Charlie Crist 
Governor 

Jeff Kottkamp 
Lt. Governor 

Michael W. Sole 
Secretary 

PERMIT 

PERMITTEE: 
Mr. Charles F. Fishburn, KLWTD General Manager 
Key Largo Wastewater Treatment District 
98880 Overseas Highway, P.O. Box 491 
Key Largo, Florida 33037 
Email: cffishburnaol.com   

Monroe County - UIC  
File Number: 272762-001-UC/1M 
Date of Issue: January 11, 2008 
Expiration Date: January 10, 2013 
Latitude: 25.0° 06.0' 01.00" N 
Longitude: - 80.0° 26.0' 01.00" W 
Township/Range/Section: 61S/39E/28 
Key Largo Class I Injection Well IW-1 
Class I Injection Well System 

This permit is issued under the provisions of Chapter 403, Florida Statutes (F.S.), and Florida 
Administrative Code (F.A.C.) Rules 62-4, 62-520, 62-528, 62-550, 62-600, and 62-601. The above 
named permittee is hereby authorized to perform the work or operate the facility shown on the application 
and approved drawing(s), plans, and other documents, attached hereto or on file with the Department and 
made a part hereof and specifically described as follows: 

Construct one, (1), nominal fourteen and fourty-eight hundredths inches (14.48)" diameter Class I 
injection well, (IW-1), with cemented FRP casing to approximately 2,750 feet below land surface (bls) 
and a total depth of approximately 3,300 feet bls. Injection is into the Oldsmar Formation for the primary 
means of disposal of non-hazardous secondary treated domestic wastewater which has received high-level 
disinfection for a maximum disposal of 7.93 million gallons per day (MGD) at a maximum injection rate 
of 5508 gpm. One dual zone monitor well (DZMW-1) will be completed from approximately 1,400 to 
1,450 feet bls and from approximately 1,590 to 1,650 feet bls. 

The Application to Construct/Operate/Abandon Class I, III, or V Injection well System, DEP Form 62-
528.900(1), was received January 16, 2007, with supporting documents and additional information last 
received September 14, 2007. The Certificate of Demonstration of Financial Responsibility was 
approved September 10, 2007. The project is located at the Key Largo WRF at Key Largo WRF, Key 
Largo, Florida 33037, Lee County, Florida. 

Subject to Specific Conditions 1-13. 
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Florida Department of 
Environmental Protection 

South District 
P.O. Box 2549 

Fort Myers, Florida 33902-2549 

Charlie Crist 
Governor 
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Lt Governor 

Michael W. Sole 
Secretary 

P E R M I T 

PERMITTEE: 
Mr. Charles F. Fishbum, KLWTD General Manager  
Key Largo Wastewater Treatment District  
98880 Overseas Highway, P.O. Box 491  
Key Largo, Florida 33037  
Email: cffishbum@aol.com 

Monroe Countv - UIC 
File Number: 272762-001-UC/IM 
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Longitude: - 80.0° 26.0' 01.00" W 
Township/Range/Section: 61S/39E/28 
Key Largo Class I Injection Well IW-1 
Class I Injection Well System 

This permit is issued under the provisions of Chapter 403, Florida Statutes (F.S.), and Florida 
Administrative Code (F.A.C.) Rules 62-4, 62-520, 62-528, 62-550, 62-600, and 62-601. The above 
named permittee is hereby authorized to perfonn the work or operate the facility shown on the application 
and approved drawing(s), plans, and other documents, attached hereto or on file with the Department and 
made a part hereof and specifically described as follows: 

Construct one, (1), nominal fourteen and fourty-eight hundredths inches (14.48)" diameter Class I 
injection well, (IW-1), with cemented FRP casing to approximately 2,750 feet below land surface (bis) 
and a total depth of approximately 3,300 feet bis. Injection is into the Oldsmar Formation for the primary 
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528.900(1), was received January 16, 2007, with supporting documents and additional information last 
received September 14, 2007. The Certificate of Demonstration of Financial Responsibility was 
approved September 10, 2007. The project is located at the Key Largo WRF at Key Largo WRF, Key 
Largo, Florida 33037, Lee County, Florida. 

Subject to Specific Conditions 1-13. 
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Mr. Charles F. Fishbum, KLWTD General Manager Permit/Cert No.: 272762-001-UC/1M 
Key Largo Class I Injection Well IW-1 Date of Issue: January 11, 2008 
Key Largo WRF, Key Largo, Florida 33037 Expiration Date: January 10, 2013 

SPECIFIC CONDITIONS: 

1. GENERAL CRITERIA 

a. Any permit noncompliance constitutes a violation of the Safe Drinking Water Act and is grounds 
for enforcement action; for permit termination, revocation and reissuance, or modification; or for 
denial of a permit renewal application. 

b. It shall not be a defense for a permittee in an enforcement action that it would have been 
necessary to halt or reduce the permitted activity in order to maintain compliance with the 
conditions of this permit. 

c. The permittee shall take all reasonable steps to minimize or correct any adverse impact on the 
environment resulting from noncompliance with this permit. 

d. Proper operation and maintenance includes effective performance, adequate funding, adequate 
operator staffing and training, and adequate laboratory and process controls, including 
appropriate quality assurance procedures. 

e. This permit may be modified, revoked and reissued, or terminated for cause. The filing of a 
request by the permittee for a permit modification, revocation or reissuance, or termination, or a 
notification of planned changes or anticipated noncompliance, does not stay any permit condition. 

f. When requested by the Department, the permittee shall furnish, within the time specified, any 
information needed to determine whether cause exists for modifying, revoking and reissuing, or 
terminating this permit, or to determine compliance with this permit. 

g. Signatories and Certification Requirements 

(1) All reports and other submittals required to comply with this permit shall be signed by a 
person authorized under Rules 62-528.340(1) or (2), F.A.C. 

(2) In accordance with Rule 62-528.340(4), F.A.C., all reports shall contain the following 
certification: 

"I certify under penalty of law that this document and all attachments were prepared 
under my direction or supervision in accordance with a system designed to assure that 
qualified personnel properly gather and evaluate the information submitted. Based 
upon my inquiry of the person or persons who manage the system, or those persons 
directly responsible for gathering the information, the information submitted is, to the 
best of my knowledge and belief, true, accurate and complete. I am aware that there 
are significant penalties for submitting false information, including the possibility of 
fine and imprisonment for knowing violations." 

h. The permittee shall notify the Department and obtain approval prior to any physical alterations or 
additions to the injection or monitor well, including removal of the well head. 

i. The permittee shall give advance notice to the Department of any planned changes in the 
permitted facility or injection activity that may result in noncompliance with permit requirements. 
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Mr. Charles F. Fishburn, KLWTD General Manager Pennit/Cert No.: 272762-001-UC/1M 
Key Largo Class I Injection Well IW-1 Date of Issue: January 11, 2008 
Key Largo WRF, Key Largo, Florida 33037 Expiration Date: January 10, 2013 

SPECIFIC CONDITIONS: 

J. The permittee shall report any noncompliance that may endanger health or the environment, 
including: 

(1) Any monitoring or other information which indicates that any contaminant may cause an 
endangerment to an underground source of drinking water; or 

(2) Any noncompliance with a permit condition or malfunction of the injection system, which 
may cause fluid migration into or between underground sources of drinking water. 

(3) Any information shall be provided orally within 24 hours from the time the permittee 
becomes aware of the circumstances. A written submission shall also be provided within 5 
days of the time the permittee becomes aware of the circumstances. The written submission 
shall contain a description of the noncompliance and its cause, the period of noncompliance, 
including exact dates and times, and if the noncompliance has not been corrected, the 
anticipated time it is expected to continue; and the steps taken or planned to reduce, 
eliminate, and prevent reoccurrence of the noncompliance. 

k. No underground injection is allowed that causes or allows movement of fluid into an underground 
source of drinking water except as authorized under the federal regulations in 40 CFR 146.15 and 
146.16. 

1. The permittee shall retain all records of all monitoring information concerning the nature and 
composition of injected fluid until five years after completion of any plugging and abandonment 
procedures specified under Rule 62-528.435, F.A.C. The permittee shall deliver the records to 
the Department office that issued the permit at the conclusion of the retention period unless the 
permittee elects to continue retention of the records. 

m. If injection is to continue beyond the expiration date of this permit the permittee shall apply for, 
and obtain an operation permit. If necessary to complete the two-year operational testing period, 
the permittee shall apply for renewal of the construction permit at least 60 days prior to the 
expiration date of this permit. 

2. SITE REQUIREMENTS 

a. A drilling pad shall be provided to collect spillage of contaminants and to support the heaviest 
load that will be encountered during drilling. 

b. The disposal of drilling fluids, cuttings, formation water or waste shall be in a sound 
environmental manner that avoids violation of surface and ground water quality standards. The 
disposal method shall be approved by the Department prior to start of construction. 

c. Specific drilling pad dimensions and design details shall be provided to and approved by the 
Department prior to commencing construction (and shortly after selection of drilling contractor). 

d. The water table monitoring wells surrounding the injection well and monitor well pads shall be 
sampled and analyzed prior to drilling the injection and monitor wells and then weekly thereafter. 
Sampling shall include specific conductance, pH, chloride, temperature and water level. 
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Page 3 of 13 



Mr. Charles F. Fishburn, KLWTD General Manager Permit/Cert No.: 272762-001-UC/1M 
Key Largo Class I Injection Well IW-1 Date of Issue: January 11, 2008 
Key Largo WRF, Key Largo, Florida 33037 Expiration Date: January 10, 2013 

SPECIFIC CONDITIONS: 

e. Pursuant to Rule 62-528.455(1)(c)6., F.A.C., a survey indicating the exact location in metes and 
bounds of all wells authorized by this permit shall be provided prior to issuance of an operating 
permit. 

3. CONSTRUCTION AND TESTING REQUIREMENTS 

a. The permittee shall contact the Technical Advisory Committee (TAC) chairman so that he may 
schedule progress review meetings at appropriate times with the TAC and permittee for the 
purpose of reviewing the results of tests, geophysical logging, surveys, drilling records and 
construction problems. 

b. All drilling shall be inside a blow out preventer upon penetration of the Floridan Aquifer. 

c. Mechanical integrity testing is a two-part demonstration which includes a pressure test to 
demonstrate that no leaks are present in the casing, tubing or packer and a temperature or noise 
log and radioactive tracer survey to demonstrate the absence of leaks behind the casing. 
Verification of pressure gauge calibration must be provided at the scheduled tests. 

d. Department approval and Technical Advisory Committee (TAC) review pursuant to F.A.C. Rule 
62-528 is required for the following stages of construction: 

(1) Intermediate casing seat selection for injection and monitor wells. 

(2) Final casing seat selection for injection and monitor wells. 

(3) Prior to conducting the short-term injection test. 

(4) Prior to operational (long term) testing with effluent. 

(5) The permittee shall submit all necessary supporting documentation/data, with interpretation, 
to the TAC for review. 

e. The cementing program, as required in Section 62-528.410(5), Florida Administrative Code, shall 
be submitted to the Department and the Technical Advisory Committee for review. Cementing 
shall not commence prior to approval being granted. 

f. All temperature surveys (except for mechanical integrity demonstration) shall be run within 48 
hours after cementing. 

g. TAC meetings are scheduled on the 1st Tuesday of each month subject to a 5 working day prior 
notice and timely receipt of critical data by all TAC members. Emergency meetings may be 
arranged when justified to avoid undue construction delay. 

h. The Permittee shall insure that safe internal pressures are maintained during the cementing of all 
casings. 

i. The injection zone and monitoring zones shall be sampled for background water quality prior to 
commencement of any injection testing. Parameters to be measured are the primary and 
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Mr. Charles F. Fishburn, KLWTD General Manager Pennit/Cert No.: 272762-001-UC/1M 
Key Largo Class I Injection Well IW-1 Date of Issue: January 11, 2008 
Key Largo WRF, Key Largo, Florida 33037 Expiration Date: January 10, 2013 

SPECIFIC CONDITIONS: 

secondary drinking water standards (except asbestos, dioxin, epichlorhydrin, and acrylamide) and 
the minimum criteria for municipal effluent. 

j. The injection and monitor well(s) at the site shall be abandoned when no longer usable for their 
intended purpose, or when posing potential threat to the quality of the waters of the State. Within 
180 days of well abandonment, the permittee shall submit to the Department and the TAC the 
proposed plugging method, pursuant to Rule 62-528.435, F.A.C. 

k. All salt used in well drilling shall be stored in an environmentally sound manner. Accurate 
records shall be kept on the amount of salt used. 

1. All dual induction, sonic and caliper geophysical logs run on the pilot holes of the injection well 
and monitor wells shall be submitted with scales of one inch equals one hundred feet (1"=100'), 
two inches equals one hundred feet (2"=100'), and five inches equals one hundred feet (5"=100') 

m. An engineering drawing showing the drill pad construction (including material used) and 
locations of the injection well, monitor wells, and the water table monitor wells shall be provided 
for Department approval prior to pad construction and well construction. 

4. QUALITY ASSURANCE/QUALITY CONTROL REQUIREMENTS 

a. This permit approval is based upon evaluation of the data contained in the application dated 
January 16, 2007, and the plans and/or specifications submitted in support of the application. 
Any proposed modifications to this permit shall be submitted in writing to the Underground 
Injection Control program manager, the TAC for review and clearance prior to implementation. 
Changes of negligible impact to the environment and staff time will be reviewed by the program 
manager, cleared when appropriate and incorporated into this permit. Changes or modifications 
other than those described above will require submission of a completed application and 
appropriate processing fee as per Rule 62-4.050, F.A.C. 

b. A professional engineer registered pursuant to Chapter 471, Florida Statutes shall be retained 
throughout the construction period to be responsible for the construction operation and to certify 
the application, specifications, completion report and other related documents. The Department 
shall be notified immediately of any change of engineer. 

c. Where required by Chapter 471 (P.E.) or Chapter 492 (P.G.) F.S., applicable portions of permit 
applications and supporting documents that are submitted to the Department for public record 
shall be signed and sealed by the professional(s) who approved or prepared them. 

d. The Department shall be notified immediately of any problems that may seriously hinder 
compliance with this permit, construction progress, or good construction practice. The 
Department may require a detailed written report describing the problem, remedial measures 
taken to assure compliance and measures taken to prevent recurrence of the problem. 

e. Issuance of a Class I Test/Injection well construction and testing permit does not obligate the 
Department to authorize operation of the injection well system, unless the wells qualify for an 
operation permit applied for by the permittee and issued by the Department. 
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SPECIFIC CONDITIONS; 
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c. Where required by Chapter 471 (P.E.) or Chapter 492 (P.G.) F.S., applicable portions of permit 
applications and supporting documents that are submitted to the Department for public record 
shall be signed and sealed by the professional(s) who approved or prepared them. 

d. The Department shall be notified immediately of any problems that may seriously hinder 
compliance with this permit, constmction progress, or good constmction practice. The 
Department may require a detailed written report describing the problem, remedial measures 
taken to assure compliance and measures taken to prevent recurrence of the problem. 

e. Issuance of a Class I Test/Injection well constmction and testing permit does not obligate the 
Department to authorize operation of the injection well system, unless the wells qualify for an 
operation permit applied for by the permittee and issued by the Department. 
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Mr. Charles F. Fishburn, KLWTD General Manager Permit/Cert No.: 272762-001-UC/1M 
Key Largo Class I Injection Well IW-1 Date of Issue: January 11, 2008 
Key Largo WRF, Key Largo, Florida 33037 Expiration Date: January 10, 2013 

SPECIFIC CONDITIONS: 

5. REPORTING REOUIREMENTS 

a. All reports and surveys required by this permit must be submitted concurrently to all the members 
of the TAC. The TAC consists of representatives from these agencies: 

Florida Department of Environmental Protection 
South District 
P.O. Box 2549 
Fort Myers, FL 33902-2549 

Florida Department of Environmental Protection 
Bureau of Water Facilities Regulation 
UIC Program, MS 3530 
2600 Blair Stone Rd. 
Tallahassee, FL 32399-2400 

South Florida Water Management District 
P.O. Box 24860 
West Palm Beach, FL 33416-4860 

United States Geological Survey 
9100 NW 36th  Street, Suite 107 
Miami, FL 33178 

b. Members of the TAC shall receive a weekly summary of the daily log kept by the contractor. The 
reporting period shall run for seven (7) days and reports shall be mailed or emailed within 48 
hours of the last day of the reporting period. The report shall include but is not limited to the 
following: 

(1) Description of daily footage drilled by diameter of bit or size of hole opener or reamer being 
used; 

(2) Description of formation and depth encountered; and specific conductance of water samples 
collected during drilling. Description of work during installation and cementing of casings; 
include amounts of casing and actual cement used versus calculated volume required. 

(3) Lithological description of drill cuttings collected every ten (10) feet or at every change in 
formation. Description of work and type of testing accomplished, geophysical logging, 
pumping tests, deviation survey results, and coring results. 

(4) Description of any construction problems that develop and their status to include a 
description of what is being done or has been done to correct the problem. 

(5) Description of the amount of salt used. 

(6) Results of any water quality analyses performed as required by this permit, including pad 
monitor wells. 
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SPECinC CONDITIONS: 

5. REPORTING REOUIREMENTS 

a. All reports and surveys required by this permit must be submitted concurrently to all the members 
of the TAC. The TAC consists of representatives fi"om these agencies: 

Florida Department of Environmental Protection 
South District 
P.O. Box 2549 
Fort Myers, FL 33902-2549 

Florida Department of Environmental Protection 
Bureau of Water Facilities Regulation 
UIC Program, MS 3530 
2600 Blair Stone Rd. 
Tallahassee, FL 32399-2400 

South Florida Water Management District 
P.O. Box 24860 
West Palm Beach, FL 33416-4860 

United States Geological Survey 
9100 NW 36* Street, Suite 107 
Miami, FL 33178 

b. Members of the TAC shall receive a weekly summary of the daily log kept by the contractor. The 
reporting period shall run for seven (7) days and reports shall be mailed or emailed within 48 
hours of the last day of the reporting period. The report shall include but is not limited to the 
following: 

(1) Description of daily footage drilled by diameter of bit or size of hole opener or reamer being 
used; 

(2) Description of formation and depth encountered; and specific conductance of water samples 
collected during drilling. Description of work during installation and cementing of casings; 
include amounts of casing and actual cement used versus calculated volume required. 

(3) Lithological description of drill cuttings collected every ten (10) feet or at every change in 
fonnation. Description of work and type of testing accomplished, geophysical logging, 
pumping tests, deviation survey results, and coring results. 

(4) Description of any constmction problems that develop and their status to include a 
description of what is being done or has been done to correct the problem. 

(5) Description of the amount of salt used. 

(6) Results of any water quality analyses performed as required by this permit, including pad 
monitor wells. 
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SPECIFIC CONDITIONS: 

(7) Copies of the driller's log are to be submitted with the weekly summary. 

c. The Department must be notified seventy-two (72) hours prior to all testing for mechanical 
integrity on the injection well. Testing should begin during daylight hours Monday through 
Friday. 

d. Annotated copies of geophysical logs, lithologic descriptions and logs and water quality data 
(from drilling and packer tests) must be submitted to TAC, with interpretation, for intermediate 
and final casing seat selection approvals by the Department. 

e. An interpretation of all test results must be submitted with all test data and geophysical logs. 

f. After completion of construction and testing, a final report, certified by a P.E. and P.G., shall be 
submitted to the Department and the TAC. The report shall include, but not be limited to, all 
information and data collected under Rule 62-528.450(2) and Rule 62-528.450(3), F.A.C., with 
appropriate interpretations. Mill certificates for the casing(s) shall be included in this report. To 
the extent possible, the transmissivity of the injection zone and maximum injection rate within 
safe pressure limits shall be estimated. 

6. The construction permit includes a period of temporary injection operation for the purposes of long 
term testing. Prior to commencement of operational testing: 

a. Construction of the injection well shall be complete and the permittee shall submit a notice of 
completion of construction certified by a P.E. to the Department. 

b. Each well shall first be tested for integrity of construction, and shall be followed by a short-term 
injection test of such duration to allow for the prediction of the operating pressure. 

c. The permittee shall submit the following information to each member of the Technical Advisory 
Committee: 

(1) A copy of the borehole television survey(s) 

(2) Geophysical logs 

(3) Mechanical integrity test data 

(4) Data obtained during the short term injection testing conducted pursuant to Rules 62-
528.405(3)(a) and 62-528.410(7)(e), and 62-528.450(3)(a)2., F.A.C. 

(5) Confining zone data 

(6) Background water quality data for the injection and monitor zones 

(7) Waste stream analysis 

(8) As-built well construction specifications 
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SPECIFIC CONDITIONS; 

(7) Copies of the driller's log are to be submitted with the weekly summary. 

c. The Department must be notified seventy-two (72) hours prior to all testing for mechanical 
integrity on the injection well. Testing should begin during daylight hours Monday through 
Friday. 

d. Annotated copies of geophysical logs, lithologic descriptions and logs and water quality data 
(from drilling and packer tests) must be submitted to TAC, with interpretation, for intermediate 
and final casing seat selection approvals by the Department. 

e. An interpretation of all test results must be submitted with all test data and geophysical logs. 

f. After completion of constmction and testing, a final report, certified by a P.E. and P.G., shall be 
submitted to the Department and the TAC. The report shall include, but not be limited to, all 
information and data collected under Rule 62-528.450(2) and Rule 62-528.450(3), F.A.C., mth 
appropriate interpretations. Mill certificates for the casing(s) shall be included in this report. To 
the extent possible, the transmissivity of the injection zone and maximum injection rate within 
safe pressure limits shall be estimated. 

6. The constmction permit includes a period of temporary injection operation for the purposes of long 
term testing. Prior to commencement of operational testing: 

a. Constmction of the injection well shall be complete and the permittee shall submit a notice of 
completion of constmction certified by a P.E. to the Department. 

b. Each well shall first be tested for integrity of constmction, and shall be followed by a short-term 
injection test of such duration to allow for the prediction of the operating pressure. 

c. The permittee shall submit the following information to each member of the Technical Advisory 
Committee: 

(1) A copy of the borehole television survey(s) 

(2) Geophysical logs 

(3) Mechanical integrity test data 

(4) Data obtained during the short term injection testing conducted pursuant to Rules 62-
528.405(3)(a) and 62-528.410(7)(e), and 62-528.450(3)(a)2., F.A.C. 

(5) Confining zone data 

(6) Background water quality data for the injection and monitor zones 

(7) Waste stream analysis 

(8) As-built well constmction specifications 
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SPECIFIC CONDITIONS:  

(9) Draft operation and maintenance manual with emergency procedures 

(10) Other data obtained during well construction needed by the Department to evaluate 
whether the well will operate in compliance with Department rules. 

d. The emergency discharge method shall be fully operational and no emergency discharge shall 
occur until the permittee has obtained all necessary permits. 

e. Any corrective action required under Rule 62-528.300(5)(c)2., F.A.C., has been completed. 

f. Written authorization shall be obtained from the Department. Authorization shall be for up to 
two years or the expiration date of the construction permit, whichever is less, and is 
nonrenewable. The authorization shall specify the conditions under which operational testing is 
approved. The authorization shall include: 

(1) Injection pressure limitation 

(2) Injection flow rate limitation 

(3) Monthly specific injectivity testing including pressure fall-off testing 

(4) Reporting requirements, and 

(5) An expiration date for the operational testing period not to exceed two years. 

g. Before authorizing operational testing the Department shall conduct an inspection of the facility 
to determine if the conditions of the permit have been met. 

7. OPERATIONAL TESTING REOUIREMENTS  

a. Operational Testing Conditions - Injection Well System 

(1) The injection system shall be monitored in accordance with rules 62-528.425(1)(g) and 62-
528.430(2), F.A.C. 

(2) The effluent from the Key Largo WRF shall be treated with high level disinfection as 
prescribed by Rules 62-600.440(5)(a) through (f), F.A.C., in accordance with federal 
regulations in 40 CFR 146.15 and 146.16 governing Class I municipal injection wells in 
Florida. The following standards shall be met prior to injection: 

a. The effluent total suspended solids (TSS) shall be reduced to 5 mg/L or less before the 
application of the disinfectant. Grab samples are to be taken after filtration and before 
disinfection. 

b. Seventy five (75) percent of the daily fecal coliform values shall be below the detection 
limit and any single sample shall not exceed 25 per 100 mL in any month. 

c. Other high level disinfection requirements are contained in the Attachment A, but are 
not required to be reported under this permit. 
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SPECIFIC CONDITIONS; 

(9) Draft operation and maintenance manual with emergency procedures 

(10) Other data obtained during well constmction needed by the Department to evaluate 
whether the well will operate in compliance with Department rules. 

d. The emergency discharge method shall be fully operational and no emergency discharge shall 
occur until the permittee has obtained all necessary permits. 

e. Any corrective action required under Rule 62-528.300(5)(c)2., F.A.C., has been completed. 

f. Written authorization shall be obtained fi'om the Department. Authorization shall be for up to 
two years or the expiration date of the constmction permit, whichever is less, and is 
nonrenewable. The authorization shall specify the conditions under which operational testing is 
approved. The authorization shall include: 

(1) Injection pressure limitation 

(2) Injection fiow rate limitation 

(3) Monthly specific injectivity testing including pressure fall-off testing 

(4) Reporting requirements, and 

(5) An expiration date for the operational testing period not to exceed two years. 

g. Before authorizing operational testing the Department shall conduct an inspection of the facility 
to determine if the conditions of the permit have been met. 

7. OPERATIONAL TESTING REOUIREMENTS 

a. Operational Testing Conditions - Injection Well System 

(1) The injection system shall be monitored in accordance with rules 62-528.425(1 )(g) and 62-
528.430(2), F.A.C. 

(2) The effluent fi-om the Key Largo WRF shall be treated with high level disinfection as 
prescribed by Rules 62-600.440(5)(a) through (f), F.A.C., in accordance with federal 
regulations in 40 CFR 146.15 and 146.16 goveming Class I municipal injection wells in 
Florida. The following standards shall be met prior to injection: 

a. The effluent total suspended solids (TSS) shall be reduced to 5 mg/L or less before the 
application of the disinfectant. Grab samples are to be taken after filtration and before 
disinfection. 

b. Seventy five (75) percent of the daily fecal coliform values shall be below the detection 
limit and any single sample shall not exceed 25 per 100 mL in any month. 

c. Other high level disinfection requirements are contained in the Attachment A, but are 
not required to be reported under this permit. 
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Mr. Charles F. Fishbum, KLWTD General Manager Permit/Cert No.: 272762-001-UC/1M 
Key Largo Class I Injection Well IW-1 Date of Issue: January 11, 2008 
Key Largo WRF, Key Largo, Florida 33037 Expiration Date: January 10, 2013 

SPECIFIC CONDITIONS: 

(3) The following injection well performance data shall be recorded and reported at the 
frequency indicated from the injection well instrumentation in the Monthly Operating Report 
as indicated below. Samples and measurements taken for the purpose of monitoring shall be 
representative of the monitored activity. 

The permittee shall use continuous indicating and recording devices to monitor injection flow rate and 
injection pressure. In the case of operational failure of any of these instruments for a period of more than 
48 hours, the permittee shall report to the Department in writing the remedial action to be taken and the 
date when the failure will be corrected. 

INJECTION WELL IW-1. The proposed specifications for the injection well is as follows: 

Casing Diameter (OD) Depth (b1s) Cased Open Hole (Ns) 
46" Steel 220' 
36" Steel 1100' 
28" Steel 1700' 

Nominal 16" O.D. FRP 2750' 2750'-3300' 

Injection Well Monitoring Parameters 

Parameters Reporting Frequency 
Injection Pressure (psi) Daily/Monthly 
Maximum Injection Pressure Daily/Monthly 

Daily/Monthly Minimum Injection Pressure 
Average Injection Pressure Daily/Monthly 
Flow Rate (gpm) Daily/Monthly 
Maximum Flow Rate Daily/Monthly 
Minimum Flow Rate Daily/Monthly 
Average Flow Rate Daily/Monthly 
Total Volume WRF Effluent Injected (gallons) Daily/Monthly 

Iniectate Water Oualitv 

WRF Effluent Water Oualitv 

Parameters Reporting Frequency 
Ammonia (mg/L) Monthly 
Total Kjeldahl Nitrogen (TKN) (mg/L) Monthly 
Nitrate + Nitrite as N (mg/L) Monthly 
Total Suspended Solids (TSS) (mg/L) * Daily 
Maximum TSS (mg/L) * Monthly 
Average TSS (mg/L) * Monthly 
Fecal Coliform (number/100 mL) Daily 
Fecal Coliform (number/100 mL), Percent Below Detection Limit Monthly 
Fecal Coliform (number/100 mL), Maximum Monthly . 

*All TSS samples shall be grab samples. The samples are to be taken after filtration and before disinfection 
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Pennit/Cert No.: 272762-001-UC/lM 
Date of Issue: January 11,2008 
Expiration Date: January 10,2013 

SPECIFIC CONDITIONS; 

(3) The following injection well performance data shall be recorded and reported at the 
frequency indicated from the injection well instrumentation in the Monthly Operating Report 
as indicated below. Samples and measurements taken for the purpose of monitoring shall be 
representative of the monitored activity. 

The permittee shall use continuous indicating and recording devices to monitor injection flow rate and 
injection pressure. In the case of operational failure of any of these instruments for a period of more than 
48 hours, the permittee shall report to the Department in writing the remedial action to be taken and the 
date when the failure will be conected. 

INJECTION WELL IW-1. The proposed specifications for the injection well is as follows: 

Cas^g Diameter (OD) Depth (bis) Cased Open Hole (bis) 
46" Steel 220' 
36" Steel 1100' 
28" Steel 1700' 

Nominal 16" O.D. FRP 2750' 2750'-3300' 

Injection Well Monitoring Parameters 

Parameters Reporting Frequency 
Injection Pressure (psi) Daily/Monthly 
Maximum Injection Pressure Daily/Monthly 
Minimum Injection Pressure Daily/Monthly 
Average Injection Pressure Daily/Monthly 
Flow Rate (gpm) Daily/Monthly 
Maximum Flow Rate Daily/Monthly 
Minimum Flow Rate Daily/Monthly 
Average Flow Rate Daily/Monthly 
Total Volume WRF Effluent Injected (gallons) Daily/Monthly 

Inlectate Water Oualitv 

WRF Effluent Water Oualitv 

Parameters Reporting Frequency 
Ammonia (mg/L) Monthly 
Total Kjeldahl Nitrogen (TKN) (mg/L) Monthly 
Nitrate + Nitrite as N (mg/L) Monthly 
Total Suspended Solids (TSS) (mg/L) • Daily 
Maximum TSS (mg/L) * Monthly 
Average TSS (mg/L) * Monthly 
Fecal Coliform (number/100 mL) Daily 
Fecal Coliform (number/100 mL), Percent Below Detection Limit Monthly 
Fecal Coliform (nimiber/100 mL), Maximum Monthly 

*AII TSS samples shall be grab samples. The samples are to be taken after filtration and before disinfection. 
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Mr. Charles F. Fishbum, KLWTD General Manager Permit/Cert No.: 272762-001-UC/1M 
Key Largo Class I Injection Well IW-1 Date of Issue: January 11, 2008 
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SPECIFIC CONDITIONS:  

b. Operational Testing Conditions - Monitor Well System. 

(1) The monitor well system will consist of two Monitor Wells as described below: 

Well Number Casing Dia. (OD) Depth (bls) Casedtfotal 
UZMW-1 (Upper) 16" Steel 1500'/1550' 
LZMW-1 (Lower) 6" Steel 1800'/1900' 

(2) All monitor wells shall be monitored in accordance with rule 62-528.425 and 62-528.430, 
F.A.C. The following monitor well performance data shall be recorded and reported at the 
frequency indicated from the monitor well instrumentation in the Monthly Operating Report 
as indicated below. Samples and measurements taken for the purpose of monitoring shall be 
representative of the monitored activity. The permittee shall use continuous indicating and 
recording devices to monitor the monitor zone pressures or water levels. In the case of 
operational failure of any of these instruments for a period of more than 48 hours, the 
permittee shall report to the Department in writing the remedial action to be taken and the 
date when the failure will be corrected. 

UZMW and LZMW 

Parameters Reporting Frequency 
Maximum Water LeveUPressure (Ft NAVD or psi) Daily/Monthly 
Minimum Water Level/Pressure (Ft NAVD or psi) Daily/Monthly 

Monthly Average Water Level/Pressure 

Water Quality 

Parameters Reporting Frequency 
Specific Conductivity (.mhos/cm) Weekly 
Total Dissolved Solids (mg/L) Weekly 
pH (std. units) Weekly 
Chloride (mg/L) Weekly 
Sulfate (mg/L) Weekly 
Field Temperature (°C) Weekly 
Ammonia (mg/L) Weekly 
Total Kjeldahl Nitrogen (TKN) (mg/L) Weekly 
Sodium (mg/L) Monthly 
Calcium (mg/L) Monthly 
Potassium (mg/L) Monthly 
Magnesium (mg/L) Monthly 
Iron (mg/L) Monthly 
Bicarbonate (mg/L) Monthly 

(3) Water quality data may be reduced to monthly analyses after a minimum six months of data if 
the conditions of Rule 62-528.450(3)(d), F.A.C., have been met and with Department 
approval. 
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SPECinC CONDITIONS; 

Permit/Cert No.: 272762-001-UC/1 M 
Date of Issue: January 11,2008 
Expiration Date: January 10,2013 

b. Operational Testing Conditions - Monitor Well System. 

(1) The monitor well system will consist of two Monitor Wells as described below: 

Well Number Casing Dia. (OD) Depth (bis) Cased/Total 
UZMW-1 (Upper) 16" Steel 1500'/1550' 
LZMW-1 (Lower) 6" Steel 1800'/1900' 

(2) All monitor wells shall be monitored in accordance with rule 62-528.425 and 62-528.430, 
F.A.C. The following monitor well performance data shall be recorded and reported at the 
fi^quency indicated fi'om the monitor well instrumentation in the Monthly Operating Report 
as indicated below. Samples and measurements taken for the purpose of monitoring shall be 
representative of the monitored activity. The permittee shall use continuous indicating and 
recording devices to monitor the monitor zone pressures or water levels. In the case of 
operational failure of any of these instruments for a period of more than 48 hours, the 
permittee shall report to the Department in writing the remedial action to be taken and the 
date when the failure will be conected. 

UZMW and LZMW 

Parameters Reporting Frequency 
Maximum Water Level/Pressure (Ft NAVD or psi) Daily/Monthly 
Minimum Water Level/Pressure (Ft NAVD or psi) Daily/Monthly 
Average Water Level/Pressure Monthly 

Water Quality 

Parameters Reporting Frequency 
Specific Conductivity (̂ mhos/cm) Weekly 
Total Dissolved Solids (mg/L) Weekly 
pH (std. units) Weekly 
Chloride (mg/L) Weekly 
Sulfate (mg/L) Weekly 
Field Temperature (°C) Weekly 
Ammonia (mg/L) Weekly 
Total Kjeldahl Nitrogen (TKN) (mg/L) Weekly 
Sodium (mg/L) Monthly 
Calcium (mg/L) Monthly 
Potassium (mg/L) Monthly 
Magnesium (mg/L) Monthly 
Iron (mg/L) Monthly 
Bicarbonate (mg/L) Monthly 

(3) Water quality data may be reduced to monthly analyses after a minimimi six months of data if 
the conditions of Rule 62-528.450(3)(d), F.A.C., have been met and with Department 
approval. 
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SPECIFIC CONDITIONS: 

c. The permittee shall calibrate all pressure gauge(s), flow meter(s), chart recorder(s), and other 
related equipment associated with the injection well system on a semi-annual basis. The 
permittee shall maintain all monitoring equipment and shall ensure that the monitoring equipment 
is calibrated and in proper operating condition at all times. Laboratory equipment, methods, and 
quality control will follow EPA guidelines as expressed in Standard Methods for the Examination 
of Water and Wastewater. The pressure gauge(s), flow meter(s), and chart recorder(s) shall be 
calibrated using standard engineering methods. 

d. The permittee shall submit monthly to the Department the results of all injection well and monitor 
well data required by this permit no later than the last day of the month immediately following 
the month of record. The results shall be sent to the Department of Environmental Protection, 
P.O. Box 2549, Fort Myers, Florida 33902-2549. A copy of this report shall also be sent to the 
Department of Environmental Protection, Underground Injection Control Program, MS 3530, 
2600 Blair Stone Road, Tallahassee, Florida 32399-2400. 

e. The Engineer of Record or designated qualified representative must be present for the start-up 
operations and the Department must be notified in writing of the date operational testing 
commenced for the well. 

f. The permit for the Lehigh Acres Domestic Wastewater WWTP shall be modified to allow 
injection of effluent using high-level disinfection prior to operational testing of this injection well 
(if not previously modified). 

8. ABNORMAL EVENTS 

a. In the event the permittee is temporarily unable to comply with any conditions of this permit due 
to breakdown of equipment, power outages, destruction by hazard of fire, wind, or by other cause, 
the permittee shall notify the Department. Notification shall be made in person, by telephone or 
by electronic mail within 24 hours of breakdown or malfunction to the UIC Program staff, South 
District office. 

b. A written report of any noncompliance referenced in 1) above shall be submitted to the South 
District office within five days after its occurrence. The report shall describe the nature and cause 
of the breakdown or malfunction, the steps being taken or planned to be taken to correct the 
problem and prevent its reoccurrence, emergency procedures in use pending correction of the 
problem, and the time when the facility will again be operating in accordance with permit 
conditions. 

9. EMERGENCY DISPOSAL 

a. All applicable federal, state and local permits must be in place to allow for any alternate 
discharges due to emergency or planned outage conditions. 

b. Any changes in emergency disposal methods must be submitted for Technical Advisory 
Committee (TAC) and USEPA review and Department approval. 

c. The permittee shall notify the Department within 24 hours whenever an emergency discharge has 
occurred (Rule 62-528.415(4)(c)1., F.A.C.). Written notification shall be provided to the 
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SPECIFIC CONDITIONS; 

c. The permittee shall calibrate all pressure gauge(s), flow meter(s), chart recorder(s), and other 
related equipment associated with the injection well system on a semi-annual basis. The 
permittee shall maintain all monitoring equipment and shall ensure that the monitoring equipment 
is calibrated and in proper operating condition at all times. Laboratory equipment, methods, and 
qualify control will follow EPA guidelines as expressed in Standard Methods for the Examination 
of Water and Wastewater. The pressure gauge(s), flow metei(s), and chart recorder(s) shall be 
calibrated using standard engineering methods. 

d. The permittee shall submit monthly to the Department the results of all injection well and monitor 
well data required by this permit no later than the last day of the month immediately following 
the month of record. The results shall be sent to the Department of Environmental Protection, 
P.O. Box 2549, Fort Myers, Florida 33902-2549. A copy of this report shall also be sent to die 
Department of Environmental Protection, Underground Injection Control Program, MS 3530, 
2600 Blab- Stone Road, Tallahassee, Florida 32399-2400. 

e. The Engineer of Record or designated qualified representative must be present for the start-up 
operations and the Department must be notified in writing of the date operational testing 
commenced for the well. 

f. The permit for the Lehigh Acres Domestic Wastewater WWTP shall be modified to allow 
injection of effluent using high-level disinfection prior to operational testing of this injection well 
(if not previously modified). 

8. ABNORMAL EVENTS 

a. In the event the permittee is temporarily unable to comply with any conditions of this permit due 
to breakdown of equipment, power outages, destmction by hazard of fire, wind, or by other cause, 
the permittee shall notify the Department. Notification shall be made in person, by telephone or 
by electronic mail within 24 hours of breakdown or malfunction to the UIC Program staff. South 
District office. 

b. A written report of any noncompliance referenced in 1) above shall be submitted to the South 
District office within five days after its occurrence. The report shall describe the nature and cause 
of the breakdown or malfunction, the steps being taken or planned to be taken to correct the 
problem and prevent its reoccurrence, emergency procedures in use pending correction of the 
problem, and the time when the facilify will agam be operating in accordance with permit 
conditions. 

9. EMERGENCY DISPOSAL 

a. All applicable federal, state and local permits must be in place to allow for any alternate 
discharges due to emergency or planned outage conditions. 

b. Any changes in emergency disposal methods must be submitted for Technical Advisory 
Committee (TAC) and USEPA review and Department approval. 

c. The permittee shall notify the Department within 24 hours whenever an emergency discharge has 
occurred (Rule 62-528.415(4)(c)l., F.A.C.). Written notification shall be provided to the 
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SPECIFIC CONDITIONS: 

Department within 5 days after each occurrence. The Permittee shall indicate the location and 
duration of the discharge and the volume of fluid discharged. 

10. FINANCIAL RESPONSIBILITY 

a. The permittee shall maintain separately the financial resources necessary to close, plug, and 
abandon the injection and associated monitor wells, at all times in accordance with Rule 
62-528.435(9), F.A.C. 

b. The permittee shall update annually the plugging and abandonment cost estimate. A certified (By 
Professional Geologist or Professional Engineer) copy of the annual update shall be submitted to 
the Department's Tallahassee UIC Program each year within 60 days after the anniversary date of 
issuance of this permit to the following addresses: 

Underground Injection Control Program 
Bureau of Water Facilities Regulation 
Department of Environmental Protection 
2600 Blair Stone Road, Mail Station #3530 
Tallahassee, FL 32399-2400 

Underground Injection Control Program 
Department of Environmental Protection 
South District Office 
2295 Victoria Avenue, Ste 364 
Ft Myers, FL 33902-2549 

c. Upon the occurrence of the annual plugging and abandonment cost estimate exceeding, by 10 
percent or more, (Section b. previously), the cost estimate upon which the current financial 
responsibility is based; the permittee shall submit to the Department certified financial 
documentation necessary to amend, renew, or otherwise replace the existing fmancial 
responsibility pursuant to Rule 62-528.435(9), F.A.C. and the conditions of this permit. Local 
governments shall include an updated Certificate of Financial Responsibility form and the 
comprehensive annual financial report for the latest completed fiscal year of that local entity. 

d. In the event that the mechanism used to demonstrate financial responsibility should become 
insufficient or invalid for any reason, the permittee shall notify the Department of Environmental 
Protection in writing within 14 days of such insufficiency or invalidation. The permittee shall 
within 30 days of said notification submit to the Department for approval new financial 
documentation certifying either the remedy of current financial insufficiency or resolution of the 
financial instrument invalidation in order to comply with Rule 62-528.435(9), F.A.C., and the 
conditions of this permit. 

11. MECHANICAL INTEGRITY 

a. Injection is prohibited until the permittee affirmatively demonstrates that the well has mechanical 
integrity. Prior to operational testing the permittee shall establish, and thereafter maintain, 
mechanical integrity of the well at all times. 

b. If the Department determines that the injection well lacks mechanical integrity, written notice 
shall be given to the permittee. 

c. Unless the Department requires the immediate cessation of injection, within 48 hours of receiving 
written notice from the department that the well lacks mechanical integrity the permittee shall 
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SPECIFIC CONDITIONS; 

Department within 5 days after each occurrence. The Permittee shall indicate the location and 
duration of the discharge and the volume of fluid discharged. 

10. FINANCL\L RESPONSIBILITY 

a. The permittee shall maintain separately the financial resources necessary to close, plug, and 
abandon the injection and associated monitor wells, at all times in accordance with Rule 
62-528.435(9), F.A.C. 

b. The permittee shall update annually the plugging and abandonment cost estimate. A certified (By 
Professional Geologist or Professional Engineer) copy of the aimual update shall be submitted to 
the Department's Tallahassee UIC Program each year within 60 days after the anniversary date of 
issuance of this permit to the following addresses: 

Underground Injection Control Program Underground Injection Control Program 
Bureau of Water Facilities Regulation Department of Environmental Protection 
Department of Environmental Protection South District Office 
2600 Blair Stone Road, Mail Station #3530 2295 Victoria Avenue, Ste 364 
Tallahassee, FL 32399-2400 Ft Myers, FL 33902-2549 

c. Upon the occurrence of the annual plugging and abandormient cost estimate exceeding, by 10 
percent or more, (Section b. previously), the cost estimate upon which the cunent financial 
responsibilify is based; the permittee shall submit to the Department certified financial 
documentation necessary to amend, renew, or otherwise replace the existing fmancial 
responsibilify pursuant to Rule 62-528.435(9), F.A.C. and the conditions of this permit. Local 
govenmients shall include an updated Certificate of Financial Responsibility form and the 
comprehensive armual financial report for the latest completed fiscal year of that local entify. 

d. In the event that the mechanism used to demonstrate financial responsibilify should become 
insufficient or invalid for any reason, the permittee shall notify the Department of Environmental 
Protection in writing within 14 days of such insufficiency or invalidation. The permittee shall 
within 30 days of said notification submit to the Department for approval new financial 
documentation certifying either the remedy of cunent financial insufficiency or resolution of the 
financial instrument invalidation in order to comply with Rule 62-528.435(9), F.A.C, and the 
conditions of this permit. 

11. MECHANICAL INTEGRITY 

a. Injection is prohibited until the permittee affirmatively demonstrates that the well has mechanical 
integrify. Prior to operational testing the permittee shall establish, and thereafter maintain, 
mechanical integrify of the well at all times. 

b. If the Department determines that the injection well lacks mechanical integrify, written notice 
shall be given to the permittee. 

c. Unless the Department requires the immediate cessation of injection, within 48 hours of receiving 
written notice fi'om the department that the well lacks mechanical integrify the permittee shall 
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SPECIFIC CONDITIONS: 

cease injection into the well unless the Department allows continued injection pursuant to (d) 
below. 

d. The Department may allow the pennittee to continue operation of a well that lacks mechanical 
integrity if the permittee demonstrates that fluid movement into or between underground sources 
of drinking water is not occurring. 

12. The permittee is reminded of the necessity to comply with the pertinent regulations of any other 
regulatory agency, as well as any county, municipal, and federal regulations applicable to the project. 
These regulations may include, but not limited to, those of the Federal Emergency Management 
Agency in implementing flood control measures. This permit should not be construed to imply 
compliance with the rules and regulations of other regulatory agencies. 

13. The pennittee shall be aware of and operate under the general conditions in Rule 62-528.307(1)(a) 
through (x) and Rule 62-528.307(2)(a) through (0, F.A.C. These general conditions are binding upon 
the permittee and enforceable pursuant to Chapter 403 of the Florida Statutes. 

Note: In the event of an emergency the permittee shall contact the Department by calling (850) 488-1320. 
During normal business hours, the permittee shall call (239) 332-6975. 

Issued this _11_ day of Jan 2008. 

STATE OF FLORIDA DEPARTMENT 
OF ENVIRONMENTAL PROTECTION 

Jon M. Iglehart 
Director of District Management 

JMI/DR/dr 
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SPECIFIC CONDITIONS; 

cease injection into the well unless the Department allows continued injection pursuant to (d) 
below. 

d. The Department may allow the permittee to continue operation of a well that lacks mechanical 
integrify if the permittee demonstrates that fluid movement into or between underground sources 
of drinking water is not occurring. 

12. The permittee is reminded of the necessify to comply with the pertinent regulations of any other 
regulatory agency, as well as any counfy, municipal, and federal regulations applicable to the project. 
These regulations may include, but not limited to, those of the Federal Emergency Management 
Agency in implementing flood control measures. This permit should not be constmed to imply 
compliance with the rules and regulations of other regulatory agencies. 

13. The permittee shall be aware of and operate under the general conditions in Rule 62-528.307(l)(a) 
through (x) and Rule 62-528.307(2)(a) through (f), F.A.C. These general conditions are binding upon 
the permittee and enforceable pursuant to Chapter 403 of the Florida Statutes. 

Note: In the event of an emergency the permittee shall contact the Department by calling (850) 488-1320. 
During normal business hours, the permittee shall call (239) 332-6975. 

Issued tills _11_ day of Ĵan 2008. 

STATE OF FLORIDA DEPARTMENT 
OF ENVIRONMENTAL PROTECTION 

Jon M. Iglehart 
Director of District Management 

JMl/DR/dr 
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ATTACHMENT A 

Underground Injection Control Systems 

1. During the period beginning on the issuance date of the facility domestic wastewater permit and lasting through the expiration date of the 
facility domestic wastewater permit, the permittee is authorized to discharge effluent to Underground Injection Control System Well IW-1 
located at the Key Largo WRF. Such discharge shall be limited and monitored by the permittee as specified below and reported in accordance 
with the Specific Conditions contained the in facility domestic wastewater permit. 

Effluent Limitations Monitoring Requirements 

Parameter Units Max/Min Limit Statistical Basis 
Frequency of 

Analysis Sample Type 
Monitoring 

Site Number Note 
s 

Flow Mgd Maximu 
m 

BOD, Carbonaceous 5 
day, 20C 

mg/L Maximu 
m 

20.0 
30.0 
45.0 
60.0 

Annual Average 
Monthly Average 
Weekly Average 
Single Sample 

Composite as 
described in the 

facility 
domestic waste 

water permit 

As described in 
the facility 

domestic waste 
water permit 

Solids, Total Suspended mg/L Maximu 
m 

5.0 Single Sample Grab Same as Above 

Coliform, Fecal #/100m 
L 

Maximu 
m 

25 Single Sample Grab Same as Above 

Percent Minimu 
m 

75 Percent Less than 
Detection 

Calculated Same as Above 

pH s.u. Minimu 
mMaxim 
Urn 

Single Sample 
Single Sample 

Grab Same as Above 

Total Residual Chlorine 
(For Disinfection) 

mg/L Minimu 
m 

1.0 Single Sample Continuous Grab Same as Above 

ATTACHMENT A 

Underground Injection Control Systems 

1. During the period beginning on the issuance date of the facilify domestic wastewater permit and lasting through the expiration date of the 
facilify domestic wastewater permit, the permittee is authorized to discharge effluent to Underground Injection Control System Well IW-1 
located at the Key Largo WRF. Such discharge shall be limited and monitored by the permittee as specified below and reported in accordance 
with the Specific Conditions contained the in facilify domestic wastewater permit. 

Effluent Limitations Monitoring Requirements 

Parameter Units Max/Min Limit Statistical Basis 
Frequency of 

Analysis Sample Type 
Monitoring 
Site Number Note 

s 
Flow Mgd Maximu 

m 
BOD, Carbonaceous 5 
day, 20C 

mg/L Maximu 
m 

20.0 
30.0 
45.0 
60.0 

Annual Average 
Monthly Average 
Weekly Average 
Single Sample 

Composite as 
described in the 

facility 
domestic waste 
water permit 

As described in 
the facilify 

domestic waste 
water permit 

Solids, Total Suspended mg/L Maximu 
m 

5.0 Single Sample Grab Same as Above 

Coliform, Fecal #/100m 
L 

Maximu 
m 

25 Single Sample Grab Same as Above Coliform, Fecal 

Percent Minimu 
m 

75 Percent Less than 
Detection 

Calculated Same as Above 

pH s.u. Minimu 
mMaxim 
um 

Single Sample 
Single Sample 

Grab Same as Above 

Total Residual Chlorine 
(For Disinfection) 

mg/L Minimu 
m 

1.0 Single Sample Continuous Grab Same as Above 



2. Effluent samples shall be taken at the monitoring site locations listed in the facility domestic 
wastewater permit conditions and as described below: 

Monitoring Site 
Number Description of Monitoring Site 

See Facility permit As described in the facility wastewater permit 
Same as above Same as above 

3. Hourly measurement of pH during the period of required operator attendance may be substituted for 
continuous measurement unless otherwise noted in the facility domestic wastewater permit. 

4. The facility effluent flow measurement shall be as described in the facility domestic wastewater 
permit 

5. To report the "% less than detection," count the number of fecal coliform observations that were less 
than detection, divide by the total number of fecal coliform observations in the month, and multiply 
by 100% (round to the nearest integer). 

6. Total residual chlorine must be maintained for a minimum contact time of 15 minutes based on peak 
hourly flow as described in the facility domestic wastewater permit 

2. Effluent samples shall be taken at the monitoring site locations listed in the facilify domestic 
wastewater permit conditions and as described below: 

Monitoring Site 
Number Description of Monitoring Site 

See Facility permit As described in the facility wastewater permit 
Same as above Same as above 

3. Hourly measurement of pH during the period of required operator attendance may be substituted for 
continuous measurement unless otherwise noted in the facilify domestic wastewater permit. 

4. The facilify effluent flow measurement shall be as described in the facilify domestic wastewater 
permit 

5. To report the "% less than detection," count the number of fecal coliform observations that were less 
than detection, divide by the total number of fecal coliform observations in the month, and multiply 
by 100% (round to the nearest integer). 

6. Total residual chlorine must be maintained for a minimum contact time of 15 minutes based on peak 
hourly flow as described in the facilify domestic wastewater permit 



Sec. 146.15 Class I municipal disposal well alternative authorization in certain parts of Florida. 

(a) Existing Class I municipal disposal wells in specific geographic regions as defined in paragraph (f) of 
this section may continue to inject without violating the regulatory prohibitions in Parts 144 and 146 of this 
chapter against the movement of injection or formation fluids into a USDW, provided that such wells meet the 
requirements of this section, even if the Director determines they have caused or may cause fluid movement into a 
USDW. Nothing in this section excuses such Class I municipal disposal wells from meeting all other applicable 
State and Federal requirements including 40 CFR 144.12(a). 

(b) For purposes of this section, an existing Class I municipal disposal well is defined as a well for which a 
complete UIC construction permit application was received by the Director on or before December 22, 2005. 

(c) For purposes of this section, the determination that a Class I municipal disposal well has caused or 
may cause movement of injection or formation fluids into a USDW may be made by the Director based on any 
relevant data available to him/her, including ground water monitoring data generated pursuant to regulatory 
requirements governing operation of Class I municipal disposal wells. 

(d) In order for a Class I municipal disposal well to qualify for authorization to inject pursuant to paragraph (a) 
of this section, the Owner/Operator of that well shall: 

(1) Develop and implement a pretreatment program that is no less stringent than the requirements of Chapter 
62-625, Florida Administrative Code, or have no significant industrial users as defined in that chapter. 

(2) Treat the injectate using secondary treatment in a manner that is no less stringent than the 
requirements of Florida Rule 62-600.420(1)(d), and using high-level disinfection in a manner that is no less 
stringent than the requirements of Florida Rule 62-600.440(5)(a)-(f), within five years after notification by 
the Director that the well has caused or may cause fluid movement into a USDW. 

(e) Where the Director issued such notice for a well prior to December 22, 2005, in order for that well to 
qualify for authorization to inject pursuant to paragraph (a) of this section, the Owner/Operator shall: 

(1) Develop and implement a pretreatment program that is no less stringent than the requirements of Chapter 
62-625, Florida Administrative Code, or have no significant industrial users as defined in that chapter; and 

(2) Treat the injectate using secondary treatment in a manner that is no less stringent than the 
requirements of Florida Rule 62-600.420(1)(d), and using high-level disinfection in a manner that is no less 
stringent than the requirements of Florida Rule 62-600.440(5)(a)-(f), within five years after December 22, 2005. 

(f) Authorization to inject wastewater into existing Class I municipal disposal wells pursuant to this 
section is limited to Class I municipal disposal wells in Florida in the following counties: Brevard, Broward, 
Charlotte, Collier, Flagler, Glades, Hendry, Highlands, Hillsborough, Indian River, Lee, Manatee, Martin, Miami-
Dade, Monroe, Okeechobee, Orange, Osceola, Palm Beach, Pinellas, St. Johns, St. Lucie, Sarasota, and Volusia. 

Sec. 146.16 Requirements for new Class I municipal wells in certain parts of Florida. 

Prior to commencing injection, any Class I municipal disposal well in one of the counties identified in Sec. 
146.15(f) that is not an existing Class I municipal disposal well as defined in Sec. 146.15(b) of this section shall 
meet all of the requirements for existing wells seeking authorization to inject pursuant to Sec. 146.15. 

[FR Doc. 05-23088 Filed 11-21-05; 8:45 am] 

Sec. 146.15 Class I municipal disposal well alternative authorization in certain parts of Florida. 

(a) Existing Class I municipal disposal wells in specific geographic regions as defined in paragraph (f) of 
this section may continue to inject without violating the regulatory prohibitions in Parts 144 and 146 of this 
chapter against the movement of injection or formation fluids into a USDW, provided that such wells meet the 
requirements of this section, even if the Director determines they have caused or may cause fluid movement into a 
USDW. Nothing in this section excuses such Class I municipal disposal wells from meeting all other applicable 
State and Federal requirements including 40 CFR 144.12(a). 

(b) For purposes of this section, an existing Class I municipal disposal well is defined as a well for which a 
complete UIC constmction permit application was received by the Director on or before December 22,2005. 

(c) For purposes of this section, the determination that a Class I municipal disposal well has caused or 
may cause movement of injection or formation fluids into a USDW may be made by the Director based on any 
relevant data available to him/her, including ground water monitoring data generated pursuant to regulatory 
requirements goveming operation of Class I municipal disposal wells. 

(d) In order for a Class I municipal disposal well to qualify for authorization to inject pursuant to paragraph (a) 
of this section, the Owner/Operator of that well shall: 

(1) Develop and implement a pretreatment program that is no less stringent than the requirements of Chapter 
62-625, Florida Administrative Code, or have no significant industrial users as defined in that chapter. 

(2) Treat the injectate using secondary treatment in a manner that is no less stringent than the 
requirements of Florida Rule 62-600.420(1)(d), and using high-level disinfection in a manner that is no less 
stringent than the requirements of Florida Rule 62-600.440(5)(a)-(f), within five years after notification by 
the Director that the well has caused or may cause fluid movement into a USDW. 

(e) Where the Director issued such notice for a well prior to December 22,2005, in order for that well to 
qualify for authorization to inject pursuant to paragraph (a) of this section, the Owoier/Operator shall: 

(1) Develop and implement a pretreatment program that is no less stringent than the requirements of Chapter 
62-625, Florida Administrative Code, or have no significant industrial users as defined in that chapter; and 

(2) Treat the injectate using secondary treatment in a manner that is no less stringent than the 
requirements of Florida Rule 62-600.420(1 )(d), and using high-level disinfection in a maimer that is no less 
stringent than the requirements of Florida Rule 62-600.440(5)(a)-(f), within five years after December 22,2005. 

(f) Authorization to inject wastewater into existing Class I municipal disposal wells pursuant to this 
section is limited to Class I municipal disposal wells in Florida in the following counties: Brevard, Broward, 
Charlotte, Collier, Flagler, Glades, Hendiy, Highlands, Hillsborough, Indian River, Lee, Manatee, Martin, Miami-
Dade, Monroe, Okeechobee, Orange, Osceola, Palm Beach, Pinellas, St. Johns, St. Lucie, Sarasota, and Volusia. 

Sec. 146.16 Requirements for new Class I municipal wells in certain parts of Florida. 

Prior to commencing injection, any Class I municipal disposal well in one of the counties identified in Sec. 
146.15(f) that is not an existing Class I municipal disposal well as defined in Sec. 146.15(b) of this section shall 
meet all of the requirements for existing wells seeking authorization to inject pursuant to Sec. 146.15. 

[FR Doc. 05-23088 Filed 11-21-05; 8:45 am] 



Appendix B 

Geologic Logs, Drilling Penetration 

and Weight on Bit Charts, Pilot-Hole 

Reverse-Air Discharge Water Quality 

Charts 

Appendix B 

Geologic Logs, Drilling Penetration 
and Weight on Bit Charts, Pilot-Hole 
Reverse-Air Discharge Water Quality 
Charts 



ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IW1 

DRILLING THICKNESS DEPTH 
INTERVAL COMMENTS LITHOLOGICAL DESCRIPTION 

Fill: sand and limerock. 0-2 2.0 

SAND, LIMESTONE AND LITTLE ORGANIC MATTER: Sand 
50%, yellowish gray (5Y 8/1), calcareous, fine to medium grained, 
angular to sub-rounded; Limestone, 40%, yellowish gray (5Y 8/1), 
some light gray (N5), hard, fragments to 2-inches; Organic matter, 
10%, brownish black (5YR 2/1), decomposed, some fragments of 
plants. 

2-3 1.0 

SAND AND LIMESTONE; Sand, 50%, moderate yellowish brown 
(10YR 5/4), calcareous, fine- to medium- grained, angular to sub- 
rounded; Limestone, 50%, yellowish gray (5Y 8/1), some light gray 
(N5), hard, fragments to 1-inch. 

3-5 2.0 

SAND, LIMESTONE AND LITTLE CLAY (MARL); Sand, 50%, 
very light gray (N6), calcareous, very fine- to medium- grained, sub- 
rounded; Limestone, 40%, yellowish gray (5Y 8/1), fossils 
fragments (shells), moderately hard, moderately well cemented; 
Clay, 10%, yellowish gray (5Y 8/1), calcareous (marl), soft, non-
plastic, moist to wet. 

WOB=5-6K 
RPM=15 

5-15 10.0 

SAND, SOME LIMESTONE AND LITTLE SANDSTONE; Sand, 
50%, clear, quartz, up to 30% white (N9), calcareous, phosphatic, 
very fine- to medium- grained, sub-rounded; Limestone, 40%, white 
(N9), fossiliferous grainstone with occasional shell intraclasts, 
phosphatic, poorly cemented, soft to very soft, few larger fragments 
to 5 mm; Sandstone, 10%, very light gray (N8) and clear, quartz 
with calcareous matrix, phosphatic, fine grained, poorly cemented, 
soft; Shell, trace, very pale orange (10YR 8/2), fragments 3-5 mm. 

WOB=9-10K 
RPM=28 

15-30 15.0 

LIMESTONE, SOME SHELL AND LITTLE SAND; Limestone, 
70%, white (N9), little yellowish gray (5Y 8/1), oolitic grainstone, 
fossiliferous, with shell intraclasts (mollusks, corals), slightly 
phosphatic, moderately well cemented, moderately hard, vuggy; 
Shell, 20%, white (N9) to medium gray (N5), numerous fragments 
3-10 mm, mollusks; Sand, 10%, white (N9) to very light gray (N8), 
calcareous, very fine- to medium- grained, sub-angular, Phosphate, 
trace, black, very fine grains. 

WOB=9-10K 
RPM=28 

30-40 10 

SAND AND SOME LIMESTONE ; Sand, 70%, white (N9), 
yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), calcareous, 
very fine- to medium- grained, sub-angular, Limestone, 30%, white 
(N9), yellowish gray (5Y 8/1) to very light gray (N8), oolitic, very 
fme- to fine- grained, with little fossils (shell fragments to 2-3 mm), 
very soft, poorly cemented (fragments 3-5 mm), phosphatic; Clay, 
trace, yellowish gray, calcareous, chalky, very soft, non- plastic; 
Phosphate, trace, black, very soft, fme grains. 

WOB=9-10K 
RPM=28 

40-60 20 

SANDSTONE, SOME SAND AND LIMESTONE; Sandstone, 
50%, yellowish gray (5Y 7/2), mostly quartz grains in calcareous 
matrix, some calcareous nodules, phosphatic, very fine to fine 
grained, poorly cemented, soft; Sand, 30%, mostly quartz, clear , up 
to 20% calcareous, yellowish gray (5Y 8/1), very fine- to fine- 

WOB=9-10K 
RPM=28 

60-70 10 
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GEOLOGIC LOG 
Key Largo WTD Injection Well System 

Injection WeU IWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
TfflCKNESS 

Fill: sand and limerock. 0-2 2.0 

SAND, LIMESTONE AND LITTLE ORGANIC MATTER: Sand 
50%, yellowish gray (5Y 8/1), calcareous, fine to medium grained, 
angular to sub-rounded; Limestone, 40%, yellowish gray (5Y 8/1), 
some light gray (N5), hard, fragments to 2-inches; Oî anic matter, 
10%, brownish black (5YR 2/1), decomposed, some fragments of 
plants. 

2-3 1.0 

SAND AND LIMESTONE; Sand, 50%, moderate yellowish brown 
(lOYR 5/4), calcareous, fine- to medium- grained, angular to sub-
rounded; Limestone, 50%, yellowish gray (5Y 8/1), some light gray 
(N5), hard, fragments to 1-inch. 

3-5 2.0 

SAND, LIMESTONE AND LITTLE CLAY (MARL); Sand, 50%, 
very light gray (N6), calcareous, very fine- to medium- grained, sub-
rounded; Limestone, 40%, yellowish gray (5Y 8/1), fossils 
fiBgments (shells), moderately hard, moderately well cemented; 
Clay, 10%, yellowish gray (5Y 8/1), calcareous (marl), soft, non-
plastic, moist to wet. 

WOB=5-6K 
RPM=15 

5-15 10.0 

SAND, SOME LIMESTONE AND LITTLE SANDSTONE; Sand, 
50%, clear, quartz, up to 30% white (N9), calcareous, phosphatic, 
very fine- to medium- grained, sub-rounded; Limestone, 40%, white 
(N9), fossiliferous grainstone with occasional shell intraclasts, 
phosphatic, poorly cemented, soft to very soft, few larger fragments 
to 5 mm; Sandstone, 10%, very light gray (N8) and clear, quartz 
with calcareous matrix, phosphatic, fine grained, poorly cemented, 
soft; Shell, trace, very pale orange (lOYR 8/2), fragments 3-5 mm. 

WOB=9-10K 
RPM=28 

15-30 15.0 

LIMESTONE, SOME SHELL AND LITTLE SAND; Limestone, 
70%, white (N9), little yellowish gray (5Y 8/1), oolitic grainstone, 
fossiliferous, with shell intraclasts (mollusks, corals), slightly 
phosphatic, moderately well cemented, moderately hard, vuggy; 
Shell, 20%, white (N9) to medium gray (N5), numerous fiBgments 
3-10 mm, mollusks; Sand, 10%, white (N9) to very light gray (N8), 
calcareous, very fine- to medium- grained, sub-angular. Phosphate, 
trace, black, very fine grains. 

WOB=9-10K 
RPM=28 

30-40 10 

SAND AND SOME LIMESTONE; Sand, 70%, white (N9), 
yellowish gray (5Y 8/1) to very pale orange (lOYR 8/2), calcareous, 
very fine- to medium- grained, sub-angular. Limestone, 30%, white 
(N9), yellowish gray (5Y 8/1) to very light gray (N8), oolitic, very 
fme- to fine- grained, wdth little fossils (shell fi-agments to 2-3 mm), 
very soft, pooriy cemented (fi'agments 3-5 mm), phosphatic; Clay, 
trace, yellowish gray, calcareous, chalky, very soft, non- plastic; 
Phosphate, trace, black, very soft, fine grains. 

WOB=9-10K 
RPM=28 

40-60 20 

SANDSTONE, SOME SAND AND LIMESTONE; Sandstone, 
50%, yellowish gray (5Y 7/2), mostiy quartz grains in calcareous 
matrix, some calcareous nodules, phosphatic, very fine to fine 
grained, poorly cemented, soft; Sand, 30%, mostly quartz, clear, up 
to 20% calcareous, yellowish gray (5Y 8/1), very fine- to fine-

WOB=9-10K 
RPM=28 

60-70 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IW1 

DRILLING DEPTH 
INTERVAL 

THICKNESS 
COMMENTS LITHOLOGICAL DESCRIPTION 

grained, sub-rounded to sub-angular, Limestone, 20%, very light 
gray (N8) to white (N9), mudstone, little oolitic, fossiliferous with 
shell intraclasts, slightly phosphatic, moderately well- to poorly-
cemented, moderately hard , vuggy. 
LIMESTONE AND SOME SAND: Limestone, 70%, yellowish 
gray (5Y 8/1) to white (N9), oolitic grainstone, trace of fossils (1-2 
mm shell intraclasts), slightly phosphatic, moderately well- to 
poorly- cemented, moderately hard , vuggy; Sand, 30%, yellowish  
gray (5Y 7/2 to 8/1), calcareous, trace quartz, clear, very fme- to 
medium-grained, sub-angular to sub-rounded 

WOB=9-10K 
RPM=28 

70-80 10 

SAND AND SOME LIMESTONE; Sand, 70%, yellowish gray (5Y 
7/2 to 8/1), mostly calcareous, some (up to 30%) quartz, clear, very 
fme- to medium-grained, sub-angular to sub-rounded; Limestone, 
30%, yellowish gray (5Y 8/1), oolitic grainstone, phosphatic, trace 
of fossils, poorly cemented, very soft; Clay, trace, white (N9), 
calcareous, very soft, non plastic. 

WOB=12-14K 
RPM-7 

80-90 10 

SAND; Sand, 100%, clear, quartz, very phosphatic (up to 5% of 
black phosphate grains), trace calcareous, silty, very fme grained, 
rounded to sub-rounded, well sorted. 

Strong heaving, 
multiple loses of 
circulation 
WOB: 1-2K, 
RPM: 10-15 

90-130 40 

SAND AND LITTLE LIMESTONE; Sand, 90%, clear, quartz, little 
calcareous, phosphatic, very fine grained, sub-rounded, loose; 
Limestone, 10%, white (N9), trace of fossils, poorly cemented, soft, 
fragments up to 5 mm. 

WOB=1-2K 
RPM=15 
Heaving, rapid 
mud escape 

130-140 10 

SAND; Sand, 100%, clear, quartz, very phosphatic (up to 5% of 
black phosphate grains), trace calcareous, silty, very fme grained, 
rounded to sub-rounded, well sorted. 

140-160 20 

SAND; Sand, 100%, clear, quartz, very phosphatic (up to 5% of 
black phosphate grains), trace calcareous, very silty, very fme 
grained, rounded to sub-rounded, well sorted; Clay, trace, light olive 
gray (5Y 6/1), very soft; Shell, trace, very pale orange (10Y 8/2), 
few tests up to 3mm; Limestone, trace, white (N9), very few small, 
moderately hard fragments. 

WOB=1-2K 
RPM=15 
Heaving, rapid 
mud escape 

160-213 53 

SANDY, SILTY CLAY (SILTSTONE); Clay, 70%, dusky yellow 
green (5GY 5/2), very slightly calcareous, silty, soft to moderately 
hard, slightly cohesive, low plasticity, trace of black phosphate; 
Sand, 30%, calcareous, white (N9), very fine to fine grained, sub-
rounded; 

WOB=1-2K 
RPM=15 

213-214 1 

SAND; Sand, 100%, clear, quartz, very phosphatic (up to 5% of 
black phosphate grains), trace calcareous, very silty, very fine 
grained, rounded to sub-rounded, well sorted; Clay, trace, light olive 
gray (5Y 6/1), very soft, non plastic, cohesive; Shell, trace, very pale 
orange (10Y 8/2), few tests up to 3mm; Limestone, trace, white 
(N9), single small fragments. 

WOB=1-2K 
RPM=15 
Heaving, rapid 
mud escape 

214-222 8 

SAND, SOME SANDSTONE, VERY LITTLE FOSSILS AND 
LIMESTONE; Sand, 60%, clear, quartz, very phosphatic (up to 5% 
of black phosphate grains), trace calcareous, silty, very fine grained, 

WOB=1-2K 
RPM=15 

222-227 5 
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DRILLING 
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grained, sub-rounded to sub-angular, Limestone, 20%, very light 
gray (N8) to white (N9), mudstone, little oolitic, fossiliferous with 
shell intraclasts, slightly phosphatic, moderately well- to poorly-
cemented, moderately hard, vuggy. 
LIMESTONE AND SOME SAND: Limestone, 70%, yellowish 
gray (5Y 8/1) to white (N9), oolitic grainstone, trace of fossils (1-2 
mm shell intraclasts), slightly phosphatic, moderately well- to 
poorly- cemented, moderately hard, vuggy; Sand, 30%, yellowish 
gray (5Y 7/2 to 8/1), calcareous, trace quartz, clear, very fine- to 
medium-grained, sub-angular to sub-rounded 

WOB=9-10K 
RPM=28 

70-80 10 

SAND AND SOME LIMESTONE; Sand, 70%, yellowish gray (5Y 
7/2 to 8/1), mostly calcareous, some (up to 30%) quartz, clear, very 
fme- to medium-grained, sub-angular to sub-rounded; Limestone, 
30%, yellowish gray (5Y 8/1), oolitic grainstone, phosphatic, trace 
of fossils, poorly cemented, very soft; Clay, trace, white (N9), 
calcareous, very soft, non plastic. 

WOB=12-14K 
RPM=6-7 

80-90 10 

SAND; Sand, 100%, clear, quartz, very phosphatic (up to 5% of 
black phosphate grains), trace calcareous, silfy, very fine grained, 
rounded to sub-rounded, well sorted. 

Strong heaving, 
multiple loses of 
circulation 
WOB: 1-2K, 
RPM: 10-15 

90-130 40 

SAND AND LFTTLE LIMESTONE; Sand, 90%, clear, quartz, little 
calcareous, phosphatic, very fine grained, sub-rounded, loose; 
Limestone, 10%, white (N9), trace of fossils, poorly cemented, soft, 
fiagments up to 5 mm. 

WOB=l-2K 
RPM=15 
Heaving, rapid 
mud escape 

130-140 10 

SAND; Sand, 100%, clear, quartz, very phosphatic (up to 5% of 
black phosphate grains), trace calcareous, silfy, very fme grained, 
rounded to sub-rounded, well sorted. 

140-160 20 

SAND; Sand, 100%, clear, quartz, very phosphatic (up to 5% of 
black phosphate grains), trace cedcareous, very silty, very fine 
grained, rounded to sub-rounded, well sorted; Clay, trace, light olive 
gray (5Y 6/1), very soft; Shell, trace, very pale orange (lOY 8/2), 
few tests up to 3mm; Limestone, trace, white (N9), very few small, 
moderately hard fragments. 

WOB=l-2K 
RPM=15 
Heaving, rapid 
mud escape 

160-213 53 

SANDY, SILTY CLAY (SILTSTONE); Clay, 70%, dusky yellow 
green (5GY 5/2), very slightly calcareous, silty, soft to moderately 
hard, slightiy cohesive, low plasticity, trace of black phosphate; 
Sand, 30%, calcareous, white (N9), very fine to fine grained, sub-
rounded; 

WOB=l-2K 
RPM=15 

213-214 1 

SAND; Sand, 100%, clear, quartz, very phosphatic (up to 5% of 
black phosphate grains), trace calcareous, very silty, very fine 
grained, rounded to sub-rounded, well sorted; Clay, trace, light olive 
gray (5Y 6/1), very soft, non plastic, cohesive; Shell, trace, very pale 
orange (lOY 8/2), few tests up to 3mm; Limestone, trace, white 
(N9), single small fhigments. 

WOB=l-2K 
RPM=15 
Heaving, rapid 
mud escape 

214-222 8 

SAND, SOME SANDSTONE, VERY LITTLE FOSSILS AND 
LIMESTONE; Sand, 60%, clear, quartz, very phosphatic (up to 5% 
of black phosphate grains), trace calcareous, silty, very fine grained. 

WOB=l-2K 
RPM=15 

222-227 5 
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ARCADIS 
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Key Largo WTD Injection Well System 
Injection Well IWI 

DRILLING THICKNESS DEPTH 
INTERVAL COMMENTS LITTIOLOGICAL DESCRIPTION 

rounded to sub-rounded, well sorted; Sandstone, 30%, light gray 
(N7), quartz grains in mostly calcareous matrix, phosphatic, with 
shell intraclasts, very fine grained, poorly- to moderately well-
cemented; Fossils, 5%, mostly shell fragments, few whole (up to 
5 mm), mollusks, occasional coral fragments; Limestone, 5%, very 
light gray (N8) to medium dark gray (N4), slightly fossiliferous 
mudstone, with quartz grains and few shell intraclasts, poorly 
cemented, soft, more competent material near the bottom of this 
layer. 
SILTSTONE AND SOME SAND; Siltstone, 70%, medium light 
gray (N6), with mostly quartz grains, phosphatic, poorly-to 
moderately well-cemented, brittle; Sand, 30%, clear, quartz, 
phosphatic, very fine grained, sub-rounded to rounded. 

WOB=1-2K 
RPM=15 

227-240 13 

SILTY SAND; Sand, 100%, clear, quartz, little calcareous, very 
silty, phosphatic, very fine grained, sub-rounded to rounded; 
Siltstone, trace, medium light gray (N6). 

WOB=1-2K 
RPM=15 

240-250 10 

SILTY SAND, SOME SILTSTONE AND VERY LITTLE SHELL; 
Sand, 75%, clear, quartz and yellowish gray (5Y 8/1), calcareous, 
very silty, phosphatic, very fine- to fine -grained, rounded to 
angular, poorly sorted; Siltstone, 20%, medium light gray (N6) with 
mostly calcareous grains, phosphatic, poorly cemented, very soft; 
Shell, 5%, yellowish gray (5Y 8/1), small tests up to 2 mm. 

WOB=1-2K 
RPM=15 

250-300 50 

SILTY SAND; Sand, 100%, clear, quartz, phosphatic, little 
calcareous, very silty, very fine grained, sub-rounded to rounded; 
Siltstone, trace, medium light gray (N6). Trace of very soft clay at 
the bottom. 

WOB=3-4K 
RPM=17 

300-330 30 

SAND, SILT AND VERY LITTLE CLAY; Sand, 50%, clear, 
quartz, trace of calcareous, slightly phosphatic, very fine grained, 
sub-rounded to rounded; Silt, 45%, medium light gray (N6); Clay, 
5%, greenish gray (SOY 6/1), very soft, cohesive, non plastic. 

WOB=3-4K 
RPM=17 

330-360 30 

SANDY CLAY; Clay, 70%, dark greenish gray (50 4/1), slightly 
calcareous, phosphatic, soft to very soft, cohesive, low to medium 
plasticity; Sand, 30%, quartz, clear, very little calcareous, very pale 
orange (10YR 8/2), very fine grained, sub-rounded to sub-angular. 

WOB=10K 
RPM=25 

360-410 50 

CLAYEY SAND; Sand, 85%, clear, quartz, phosphatic, trace 
calcareous, silty, very fine- to fine- grained, rounded to sub-rounded, 
well sorted; Clay (Marl), 15%, light olive gray (5Y 6/1), very soft, 
cohesive, low plasticity. 

WOB=10K 
RPM=25 

410-430 20 

SANDY CLAY; Clay, 70%, greenish gray (5GY 6/1), slightly 
calcareous, phosphatic, very soft, cohesive, non-plastic; Sand, 30%, 
quartz, clear, little calcareous, very pale orange (10YR 8/2), 
phosphatic, very fine- to fine- grained, rounded to sub-rounded; 
Shell, trace, very pale orange (10YR 8/2), small tests to 2 mm. 

WOB=10K 
RPM=25 

430-440 10 

LIMESTONE AND CLAYEY SAND; Limestone, 70%, yellowish 
gray (5Y 8/1) to medium gray (N5), fossiliferous grainstone with 
shell and coral intraclasts, phosphatic, poorly- to moderately well-
cemented, soft to moderately hard; Sand, 20%, yellowish gray (5Y 
8/1) to very pale orange (10YR 8/2), calcareous, little quartz, clear, 

WOB=10K 
RPM=25 

440-450 10 

GAAProJeets1INFEVOVF PROJECTS1156000-Key Largo IWIlFlnel Consauslan 8 Testing FteportGO8YtAppandlcasVOVELL LOG.doc Page: 
3/24 

i ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

rounded to sub-rounded, well sorted; Sandstone, 30%, light gray 
(N7), quartz grains in mostly calcareous matrix, phosphatic, with 
shell intraclasts, very fine grained, poorly- to moderately well-
cemented; Fossils, 5%, mostly shell fia^ents, few whole (up to 
5 mm), mollusks, occasional coral fiagments; Limestone, 5%, very 
light gray (N8) to medium dark gray (N4), slightly fossiliferous 
mudstone, with quartz grains and few shell intraclasts, poorly 
cemented, soft, more competent material near the bottom of this 
layer. 
SILTSTONE AND SOME SAND; Siltstone, 70%, medium light 
gray (N6), with mostly quartz grains, phosphatic, poorly-to 
moderately well-cemented, brittle; Sand, 30%, clear, quartz, 
phosphatic, very fine grained, sub-rounded to rounded. 

W0B=1-2K 
RPM=15 

227-240 13 

SILTY SAND; Sand, 100%, clear, quartz, little calcareous, very 
silty, phosphatic, very fme grained, sub-rounded to rounded; 
Siltstone, trace, medium light gray (N6). 

WOB=l-2K 
RPM=15 

240-250 10 

SILTY SAND, SOME SILTSTONE AND VERY LITTLE SHELL; 
Sand, 75%, clear, quartz and yellowish gray (5Y 8/1), calcareous, 
very silty, phosphatic, very fine- to fine -grained, rounded to 
angular, poorly sorted; Siltstone, 20%, medium light gray (N6) with 
mostly calcareous grains, phosphatic, poorly cemented, very soft; 
Shell, 5%, yellowish gray (5Y 8/1), small tests up to 2 mm. 

WOB=l-2K 
RPM=15 

250-300 50 

SILTY SAND; Sand, 100%, clear, quartz, phosphatic, little 
calcareous, very silty, very fine grained, sub-rounded to rounded; 
Siltstone, trace, medium light gray (N6). Trace of very soft clay at 
the bottom. 

WOB=3-4K 
RPM=17 

300-330 30 

SAND, SILT AND VERY LITTLE CLAY; Sand, 50%, clear, 
quartz, trace of calcareous, slightly phosphatic, very fine grained, 
sub-rounded to rounded; Silt, 45%, medium light gray (N6); Clay, 
5%, greenish gray (SGY 6/1), very soft, cohesive, non plastic. 

WOB=3-4K 
RPM=17 

330-360 30 

SANDY CLAY; Clay, 70%, daric greenish gray (5G 4/1), slightfy 
calcareous, phosphatic, soft to very soft, cohesive, low to medium 
plasticity; Sand, 30%, quartz, clear, very little calcareous, very pale 
orange (lOYR 8/2), very fine grained, sub-rounded to sub-angular. 

WOB=10K 
RPM=25 

360-410 50 

CLAYEY SAND; Sand, 85%, clear, quartz, phosphatic, trace 
calcareous, silty, very fine- to fine- grained, rounded to sub-rounded, 
well sorted; Clay (Marl), 15%, light olive gray (5Y 6/1), very soft, 
cohesive, low plasticity. 

WOB=10K 
RPM=25 

410-430 20 

SANDY CLAY; Clay, 70%, greenish gray (5GY 6/1), slightfy 
calcareous, phosphatic, very soft, cohesive, non-plastic; Sand, 30%, 
quartz, clear, little calcareous, very pale orange (lOYR 8/2), 
phosphatic, very fine- to fine- grained, rounded to sub-rounded; 
Shell, trace, very pale orange (lOYR 8/2), small tests to 2 mm. 

WOB=10K 
RPM=25 

430-440 10 

LIMESTONE AND CLAYEY SAND; Limestone, 70%, yellowish 
gray (5Y 8/1) to medium gray (N5), fossiliferous grainstone with 
shell and coral intraclasts, phosphatic, poorly- to moderately well-
cemented, soft to moderately hard; Sand, 20%, yellowish gray (5Y 
8/1) to very pale orange (lOYR 8/2), calcareous, little quartz, clear. 

WOB=10K 
RPM=25 

440-450 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IW1 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

very fine- to medium- grained, sub-angular to sub-rounded; Clay 
(Marl), 10%, pale olive (10Y 6/2), calcareous, very soft, cohesive, 
non-plastic; Shell, trace, tests to 5-10 mm, mollusks. 
SANDY CLAY (MARL) AND SOME LIMESTONE; Clay (Marl), 
50%, yellowish gray ( 5Y 8/1) to greenish gray (50 6/1), mostly 
calcareous, phosphatic, chalky, very soft, cohesive, non plastic; 
Sand, 30%, yellowish gray (5Y 8/1), calcareous, trace of quartz, 
phosphatic, very fine to medium grained, sub-angular; Limestone, 
20%, yellowish gray (5Y 8/1) to medium light gray (N6), 
fossiliferous grainstone with shell intraclasts, slightly phosphatic, 
poorly cemented, very soft, vuggy. 

WOB=10K 
RPM=25 

450-470 20 

LIMESTONE AND LITTLE CLAY(MARL); Limestone, 90%, 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts, slightly 
phosphatic, very fine- to fine- grained, poorly- to moderately well-
cemented, very soft to soft, (mostly in a form of calcareous sand), 
vuggy; Clay (Marl), 10%, pale olive (10Y 6/2), calcareous, 
phosphatic, very soft, cohesive, non plastic; Chert, trace, black (NI), 
fragments to 5 mm, very hard. 

WOB=10-13K 
RPM=25 

470-540 70 

LIMESTONE AND SOME SHELL; Limestone, 70%, yellowish 
gray (5Y7/2), very fossiliferous, mudstone, some grainstone with 
abundant shell intraclasts, phosphatic, poorly- to moderately-well 
cemented, soft to moderately hard, slightly vuggy; Shell, 30%, very 
pale orange (10YR 8/2) to yellowish gray (5Y 8/1), mostly small 
tests to 3 mm, frequent large fragments to 1.5-inch, mollusks; Clay 
(Marl), trace, yellowish gray (5Y 7/2), calcareous, very soft, 
cohesive, non plastic; Sand, trace, yellowish gray (5Y 8/1) to very 
pale orange (10YR 8/2), calcareous, very fine- to medium- grained, 
sub-angular. 

WOB=10-13K 
RPM=25 

540-560 20 

LIMESTONE AND LITTLE CLAY(MARL); Limestone, 90%, - 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts (mollusks), 
slightly phosphatic, very fine- to fine- grained, poorly- to moderately 
well-cemented, very soft to soft (mostly in a form of calcareous 
sand), vuggy; Clay (Marl), 10%, yellowish gray (5Y 8/1) to pale 
olive (10Y 6/2), calcareous, phosphatic, very soft, cohesive, non 
plastic. 

WOB=10-13K 
RPM=25 

560-570 10 

LIMESTONE AND SOME CLAY(MARL); Limestone, 70%, 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts (mollusks), 
phosphatic, very fine- to fine- grained, poorly cemented, very soft to 
soft (mostly in a form of calcareous sand), vuggy; Clay (Marl), 30%, 
pale olive (10Y 6/2), calcareous, phosphatic, very soft, cohesive, 
non plastic. 

WOB=10-13K 
RPM=25 

570-600 30 

SAND AND CLAY (MARL); Sand, 60%, yellowish gray (5Y 8/1) 
to very pale orange (10YR 8/2), calcareous, with few larger 
limestone fragments to3 mm, and shell tests, slightly phosphatic, 
very fine- to coarse- grained; Clay (Marl), 40%, yellowish gray (5Y 

WOB=10-13K 
RPM=25 

600-630 30 
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very fine- to medium- grained, sub-angular to sub-rounded; Clay 
(Marl), 10%, pale olive (lOY 6/2), calcareous, very soft, cohesive, 
non-plastic; Shell, trace, tests to 5-10 mm, mollusks. 
SANDY CLAY (MARL) AND SOME LIMESTONE; Clay (Marl), 
50%, yellowish gray (5Y 8/1) to greenish gray (5G 6/1), mostly 
calcareous, phosphatic, chalky, very soft, cohesive, non plastic; 
Sand, 30%, yellowish gray (5Y 8/1), calcareous, trace of quartz, 
phosphatic, very fine to medium grained, sub-angular; Limestone, 
20%, yellowish gray (5Y 8/1) to medium light gray (N6), 
fossiliferous grainstone with shell intraclasts, slightly phosphatic, 
poorly cemented, very soft, vuggy. 

WOB=10K 
RPM=25 

450-470 20 

LIMESTONE AND LITTLE CLAY(MARL); Limestone, 90%, 
yellowish gray (5Y 7/2) to very pale orange (lOYR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts, slightly 
phosphatic, very fme- to fine- grained, poorly- to moderately well-
cemented, very soft to soft, (mostly in a form of calcareous sand), 
vuggy; Clay (Marl), 10%, pale olive (lOY 6/2), calcareous, 
phosphatic, vety soft, cohesive, non plastic; Chert, trace, black (Nl), 
fingments to 5 mm, very hard. 

WOB=10-13K 
RPM=25 

470-540 70 

LIMESTONE AND SOME SHELL; Limestone, 70%, yellowish 
gray (5Y7/2), very fossiliferous, mudstone, some grainstone with 
abundant shell intraclasts, phosphatic, poorly- to moderately-well 
cemented, soft to moderately hard, sli^tly vuggy; Shell, 30%, very 
pale orange (lOYR 8/2) to yellowish gray (5Y 8/1), mostly small 
tests to 3 mm, frequent large fi'agments to 1.5-inch, mollusks; Clay 
(Marl), trace, yellowish gray (5Y 7/2), calcareous, very soft, 
cohesive, non plastic; Sand, trace, yellowish gray (5Y 8/1) to vety 
pale orange (lOYR 8/2), calcareous, very fine- to medium- grained, 
sub-angular. 

WOB=10-13K 
RPM=25 

540-560 20 

LIMESTONE AND LITTLE CLAY(MARL); Limestone, 90%, 
yellowish gray (5Y 7/2) to very pale orange (lOYR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts (mollusks), 
slightly phosphatic, vety fine- to fine- grained, poorly- to moderately 
well-cemented, vety soft to soft (mostly in a form of calcareous 
sand), vuggy; Clay (Marl), 10%, yellowish gray (5Y 8/1) to pale 
olive (lOY 6/2), calcareous, phosphatic, vety soft, cohesive, non 
plastic. 

WOB=10-13K 
RPM=25 

560-570 10 

LIMESTONE AND SOME CLAY(MARL); Limestone, 70%, 
yellowish gray (5Y 7/2) to vety pale orange (lOYR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts (mollusks), 
phosphatic, vety fme- to fme- grained, poorly cemented, vety soft to 
soft (mostly in a form of calcareous sand), vuggy; Clay (Marl), 30%, 
pale olive (lOY 6/2), calcareous, phosphatic, vety soft, cohesive, 
non plastic. 

WOB=10-13K 
RPM=25 

570-600 30 

SAND AND CLAY (MARL); Sand, 60%, yellowish gray (5Y 8/1) 
to vety pale orange (lOYR 8/2), calcareous, with few larger 
limestone fragments to3 mm, and shell tests, slightly phosphatic, 
very fine- to coarse- grained; Clay (Marl), 40%, yellowish gray (5Y 

WOB=10-13K 
RPM=25 

600-630 30 
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Injection Well IWl 

DRILLING 
COMMENTS 

THICKNESS DEPTH 
INTERVAL LITHOLOGICAL DESCRIPTION 

8/1) to pale olive (10Y 6/2), calcareous, very soft, cohesive, non 
plastic. 
LIMESTONE AND SOME CLAY(MARL); Limestone, 70%, 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts, phosphatic, 
very fine- to fine- grained, poorly cemented, very soft to soft, 
(mostly in a form of calcareous sand), vuggy; Clay (Marl), 30%, 
pale olive (10Y 6/2), calcareous, phosphatic, very soft, cohesive, 
non plastic. 

WOB=12-15K 
RPM=25 

630-660 30 

SAND AND CLAY (MARL);Sand, 60%, yellowish gray (5Y 8/1) 
to very pale orange (10YR 8/2), calcareous, with few larger 
limestone fragments to3 mm and shell tests, slightly phosphatic, 
very fine- to coarse- grained; Clay (Marl), 40%, yellowish gray (5Y 
8/1) to pale olive (10Y 6/2), calcareous, very soft, cohesive, non 
plastic. 

WOB=12-15K 
RPM=25 

660-670 10 

LIMESTONE AND SOME CLAY (MARL); Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, slightly fossiliferous 
with some shell intraclasts, phosphatic, very fine- to fine-grained, 
poorly cemented, very soft, mostly in a form of calcareous sand with 
larger fragments to3 mm, vuggy; Clay (Marl), 30%, yellowish gray 
(5Y 8/1) to pale olive (10Y 6/2), calcareous, phosphatic, very soft, 
cohesive, non plastic. 

WOB=10-12K 
RPM=27 

670-700 30 

LIMESTONE AND LITTLE CLAY(MARL); Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, fossiliferous with some 
shell intraclasts, slightly phosphatic, very fine- to fine- grained, 
poorly- to moderately well-cemented, very soft to moderately hard, 
vuggy; Clay (Marl), 10%, yellowish gray (5Y 8/1), calcareous, 
phosphatic, cohesive, very soft, non plastic. 

WOB=10-12K 
RPM=27 

700-710 10 

LIMESTONE , CLAY (MARL) AND SAND; Limestone, 40%, 
yellowish gray (5Y 8/1 and 5Y 7/2), fossiliferous grainstone and 
mudstone, with shell intraclasts, partly slightly dolomitic, very soft 
to soft, poorly cemented; Sand, 30%, very pale orange (10YR 8/2), 
calcareous, very fine- to medium- grained, sub-angular; Clay (Marl), 
30%, pale olive (10Y 6/2) to yellowish gray (5Y 8/1), calcareous, 
very phosphatic, very soft, cohesive, non plastic; Shell, trace, very 
pale orange (10YR 8/2) to yellowish gray (5Y 8/1), mostly small 
tests up to 3 mm. 

WOB=18-20K 
RPM=27 

710-800 90 

SAND; Sand, 100%, yellowish gray (5Y 8/Ito 5Y 7/2), calcareous, 
product of disintegrated oolitic limestone, with few shell fragments 
to 2 mm, trace of phosphate, very fine- to coarse- grained, sub-
rounded; Clay (Marl), trace, yellowish gray (5Y 8/1) to pale olive 
(10Y 6/2), calcareous, very soft,. 

WOB=8-10K 
RPM=25 

800-830 30 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2) to light 
gray (N7), mostly oolitic, fossiliferous grainstone, with some shell 
fragments to 2-3 mm, some microcrystalline, trace of phosphate, 
very fine- to medium-grained, poorly cemented, very soft to soft, but 
better indurated than above, mostly in a form of calcareous sand; 
Clay (marl), trace, yellowish gray (5Y 8/1), calcareous, very soft. 

WOB=8-10K 
RPM=25 

830-840 10 
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UTHOLOGICAL DESCRIPTION 
DRILLING 
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DEPTH 
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8/1) to pale olive (lOY 6/2), calcareous, vety soft, cohesive, non 
plastic. 
LIMESTONE AND SOME CLAY(MARL); Limestone, 70%, 
yellowish gray (5Y 7/2) to vety pale orange (lOYR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts, phosphatic, 
vety fme- to fine- grained, poorly cemented, vety soft to soft, 
(mostly in a form of calcareous sand), vuggy; Clay (Marl), 30%, 
pale olive (lOY 6/2), calcareous, phosphatic, vety soft, cohesive, 
non plastic. 

WOB=12-15K 
RPM=25 

630-660 30 

SAND AND CLAY (MARL);Sand, 60%, yellowish gray (5Y 8/1) 
to vety pale orange (lOYR 8/2), calcareous, with few larger 
limestone Segments to3 mm and shell tests, slightly phosphatic, 
very fme- to coarse- grained; Clay (Marl), 40%, yellowish gray (5Y 
8/1) to pale olive (lOY 6/2), calcareous, vety soft, cohesive, non 
plastic. 

WOB=12-15K 
RPM=25 

660-670 10 

LIMESTONE AND SOME CLAY (MARL); Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, slightly fossiliferous 
with some shell intraclasts, phosphatic, vety fme- to fine-grained, 
poorly cemented, vety soft, mostly in a form of calcareous sand with 
larger fi-agments to3 mm, vuggy; Clay (Marl), 30%, yellowish gray 
(5Y 8/1) to pale olive (lOY 6/2), calcareous, phosphatic, vety soft, 
cohesive, non plastic. 

WOB=10-12K 
RPM=27 

670-700 30 

LIMESTONE AND LITTLE CLAY(MARL); Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, fossiliferous with some 
shell intraclasts, slightly phosphatic, vety fine- to fine- grained, 
poorly- to moderately well-cemented, vety soft to moderately hard, 
vuggy; Clay (Marl), 10%, yellowish gray (5Y 8/1), calcareous, 
phosphatic, cohesive, very soft, non plastic. 

WOB=10-12K 
RPM=27 

700-710 10 

LIMESTONE, CLAY (MARL) AND SAND; Limestone, 40%, 
yellowish gray (5Y 8/1 and 5Y 7/2), fossiliferous grainstone and 
mudstone, with shell intraclasts, partly slightly dolomitic, vety soft 
to soft, pooriy cemented; Sand, 30%, vety pale orange (lOYR 8/2), 
calcareous, vety fine- to medium- grained, sub-angular; Clay (Marl), 
30%, pale olive (lOY 6/2) to yellowish gray (5Y 8/1), calcareous, 
vety phosphatic, vety soft, cohesive, non plastic; Shell, trace, vety 
pale orange (lOYR 8/2) to yellowish gray (5Y 8/1), mostly small 
tests up to 3 mm. 

WOB=18-20K 
RPM=27 

710-800 90 

SAND; Sand, 100%, yellowish gray (5Y 8/1 to 5Y 7/2), calcareous, 
product of disintegrated oolitic limestone, with few shell fragments 
to 2 mm, trace of phosphate, vety fine- to coarse- grained, sub-
rounded; Clay (Marl), trace, yellowish gray (5Y 8/1) to pale olive 
(lOY 6/2), calcareous, very soft,. 

WOB=8-10K 
RPM=25 

800-830 30 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2) to light 
gray (N7), mostly oolitic, fossiliferous grainstone, with some shell 
fragments to 2-3 mm, some microctystalline, trace of phosphate, 
vety fme- to medium-grained, poorly cemented, vety soft to soft, but 
better indurated than above, mostly in a form of calcareous sand; 
Clay (marl), trace, yellowish gray (5Y 8/1), calcareous, very soft. 

WOB=8-10K 
RPM=25 

830-840 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IWl 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

SAND AND LITTLE CLAY(MARL);SAND, 90%, yellowish gray 
(5Y 7/2), calcareous, product of disintegrated oolitic limestone, with 
few shell fragments to 2 mm, trace of phosphate, very fine- to 
coarse- grained, sub-rounded; Clay (Marl), 10%, yellowish gray (5Y 
8/1), calcareous, phosphatic, very soft, cohesive, non plastic. 

WOB=8-10K 
RPM=25 

840-860 20 

CALCAREOUS SAND AND CLAY (MARL);Sand, 60%, 
yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
calcareous, with few larger limestone fragments to3 mm, trace of 
phosphate, very fine- to coarse- grained; Clay (Marl), 40%, 
yellowish gray (5Y 8/1 to 5Y7/2), calcareous, very soft, cohesive, 
non plastic. 

WOB=8-10K 
RPM=25 

860-870 10 

LIMESTONE AND SOME CLAY (MARL); Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, slightly fossiliferous 
with some shell intraclasts, phosphatic, very fine- to fine-grained, 
poorly cemented, very soft, mostly in a form of calcareous sand with 
larger fragments to3 mm, vuggy; Clay (Marl), 30%, yellowish gray 
(5Y 8/1) to pale olive (10Y 6/2), calcareous, phosphatic, very soft, 
cohesive, non plastic. 

WOB=8-10K 
RPM=25 

870-890 20 

CALCAREOUS SAND AND SOME CLAY; Sand, 70%, yellowish 
gray (5Y 8/1) to very pale orange (10YR 8/2), calcareous, witl few 
larger limestone fragments to3 mm, trace of phosphate, very fine- to 
coarse- grained; Clay, 30%, greenish gray (5GY 6/1) slightly 
calcareous, very soft, cohesive, non plastic. 

WOB=8-10K 
RPM=25 

890-900 10 

SAND AND LITTLE CLAY; Sand, 90%, yellowish gray (5Y 8/1to 
5Y 7/2), calcareous, product of disintegrated oolitic limestone, with 
trace of shell, fragments to 2 mm, trace of phosphate, very fine- to 
fine- grained, sub-rounded to sub-angular, few fragments of 
limestone to 5 mm; Clay (Marl), 10%, yellowish gray (5Y 7/2) to 
pale olive (10Y 6/2), calcareous, very soft, non plastic,. 

WOB=15-20K 
RPM=27 

900-950 50 

SANDY CLAY; Clay, 60%, light olive gray (5Y 7/3), partly 
calcareous, very soft to soft, low plasticity, slightly cohesive; Sand, 
40%, calcareous, fine- to medium- grained, sub-angular, Limestone, 
trace, yellowish gray (5Y 7/2), oolitic grainstone, few fragments to 4 
mm, poorly cemented, soft. 

WOB=15-20K 
RPM=27 

950-960 10 

CLAY; Clay, 100%, pale olive (5Y 6/4), slightly calcareous, very 
soft, cohesive, low plasticity, trace of calcareous sand, very fine 
grained. 

WOB=15-20K 
RPM=27 

960-980 20 

SANDY CLAY (MARL) AND LITTLE LIMESTONE; Clay 
(Marl), 50%, yellowish gray (5Y 7/2), calcareous, chalky, trace of 
phosphate, soft, cohesive, non plastic; Sand, 40%, yellowish gray 
(5Y 7/2 and 5Y 8/1), calcareous, very fine- to medium- grained, sub-
angular; Limestone, 10%, yellowish gray (5Y 8/1), oolitic 
grainstone and arenaceous packstone, fossiliferous with abundant 
shell intraclasts, very fine grained, moderately well cemented, soft 
to moderately hard, vuggy. 

WOB=15-20K 
RPM=27 

980-1000 20 

SAND AND LITTLE CLAY (MARL); Sand, 90%, yellowish gray 
(5Y 8/lto 5Y 7/2), calcareous, product of disintegrated oolitic 
limestone, with trace of shell, fragments to 2 mm, trace of 

WOB=15-20K 
RPM=27 

1000-1010 10 
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SAND AND LITTLE CLAY(MARL);SAND, 90%, yellowish gray 
(5Y 7/2), calcareous, product of disintegrated oolitic limestone, with 
few shell fi'agments to 2 mm, trace of phosphate, vety fine- to 
coarse- grained, sub-rounded; Clay (Marl), 10%, yellowish gray (5Y 
8/1), calcareous, phosphatic, very soft, cohesive, non plastic. 

WOB=8-10K 
RPM=25 

840-860 20 

CALCAREOUS SAND AND CLAY (MARL);Sand, 60%, 
yellowish gray (5Y 8/1) to vety pale orange (lOYR 8/2), 
calcareous, with few larger limestone fiagments to3 mm, trace of 
phosphate, vety fine- to coarse- grained; Clay (Marl), 40%, 
yellowish gray (5Y 8/1 to 5Y7/2), calcareous, vety soft, cohesive, 
non plastic. 

WOB=8-10K 
RPM=25 

860-870 10 

LIMESTONE AND SOME CLAY (MARL); Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, slightly fossiliferous 
with some shell intraclasts, phosphatic, vety fine- to fine-grained, 
poorly cemented, vety soft, mostly in a form of calcareous sand with 
larger fi'agments to3 mm, vuggy; Clay (Marl), 30%, yellowish gray 
(5Y 8/1) to pale olive (lOY 6/2), calcareous, phosphatic, vety soft, 
cohesive, non plastic. 

WOB=8-10K 
RPM=25 

870-890 20 

CALCAREOUS SAND AND SOME CLAY; Sand, 70%, yellowish 
gray (5Y 8/1) to vety pale orange (lOYR 8/2), calcareous, with few 
larger limestone fi'agments to3 mm, trace of phosphate, vety fine- to 
coarse- grained; Clay, 30%, greenish gray (SGY 6/1) slightly 
calcareous, very soft, cohesive, non plastic. 

WOB=8-IOK 
RPM=25 

890-900 10 

SAND AND LITTLE CLAY; Sand, 90%, yellowish gray (5Y 8/1 to 
5Y 7/2), calcareous, product of disintegrated oolitic limestone, with 
trace of shell, fi'agments to 2 mm, trace of phosphate, vety fine- to 
fine- grained, sub-rounded to sub-angular, few fi'agments of 
limestone to 5 mm; Clay (Marl), 10%, yellowish gray (5Y 7/2) to 
pale olive (lOY 6/2), csdcareous, very soft, non plastic,. 

WOB=15-20K 
RPM=27 

900-950 50 

SANDY CLAY; Clay, 60%, light olive gray (5Y 7/3), partly 
calcareous, vety soft to soft, low plasticity, slightly cohesive; Sand, 
40%, calcareous, fine- to medium- grained, sub-angular. Limestone, 
trace, yellowish gray (5Y 7/2), oolitic grainstone, few fi'agments to 4 
mm, poorly cemented, soft. 

WOB=15-20K 
RPM=27 

950-960 10 

CLAY; Clay, 100%, pale olive (5Y 6/4), slightly calcareous, vety 
soft, cohesive, low plasticity, trace of calcareous sand, vety fine 
grained. 

WOB=15-20K 
RPM=27 

960-980 20 

SANDY CLAY (MARL) AND LITTLE LIMESTONE; Clay 
(Marl), 50%, yellowish gray (5Y 7/2), calcareous, chalky, trace of 
phosphate, soft, cohesive, non plastic; Sand, 40%, yellowish gray 
(5Y 7/2 and 5Y 8/1), calcareous, vety fine- to medium- grained, sub-
angular; Limestone, 10%, yellowish gray (5Y 8/1), oolitic 
grainstone and arenaceous packstone, fossiliferous with abundant 
shell intraclasts, vety fine grained, moderately well cemented, soft 
to moderately hard, vuggy. 

WOB=15-20K 
RPM=27 

980-1000 20 

SAND AND LITTLE CLAY (MARL); Sand, 90%, yellowish gray 
(5Y 8/Ito 5Y 7/2), calcareous, product of disintegrated oolitic 
limestone, with trace of shell, fragments to 2 mm, trace of 

WOB=15-20K 
RPM=27 

1000-1010 10 
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DRILLING 
COMMENTS 

DEPTH 
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THICKNESS 
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phosphate, very fine- to fine- grained, sub-rounded to sub-angular, 
few fragments of limestone to 5 mm; Clay (Marl), 10%, yellowish 
gray (5Y 7/2) to pale olive (10Y 6/2), calcareous, very soft, 
cohesive, non plastic,. 
CLAY; Clay, 100%, pale olive (5Y 6/4), slightly calcareous, very 
soft, low plasticity, cohesive, trace of calcareous sand, very fine 
grained. 

WOB=15-20K 
RPM=27 

1010-1030 20 

SANDY CLAY (MARL) AND SOME LIMESTONE; Clay (Marl), 
40%, yellowish gray (5Y 7/2), calcareous, chalky, trace of 1  
phosphate, very soft, cohesive, non plastic; Sand, 40%, yellowish 
gray (5Y 7/2 and %Y 8/1), calcareous, very fine- to medium-
grained, 

 
sub-angular; Limestone, 20%, yellowish gray (5Y 8/1), 

oolitic grainstone and arenaceous packstone, fossiliferous with 
abundant shell intraclasts, very fine grained, moderately well 
cemented, soft to moderately hard, vuggy. 

WOB=10K 
RPM=27 

1030-1040 10 

CLAY AND VERY LITTLE LIMESTONE; Clay, 95%, pale olive 
(10Y 6/2), slightly calcareous, with trace of calcareous, very fine 
grained sand, very soft, low plasticity to non plastic; Limestone, 5%, 
yellowish gray (5Y 7/2), packstone, fossiliferous, with shell 
intraclasts, poorly cemented, very soft. 

WOB=10K 
RPM=27 

1040-1050 10 

LIMESTONE AND SOME CLAY (MARL); Limestone, 70%, pale 
yellowish brown (10YR 7/4), fossiliferous packstone, arenaceous, 
with abundant shell intraclasts, some yellowish gray (5Y 7/2) oolitic 
grainstone, trace of phosphate, very fine grained, poorly- to 
moderately well- cemented, vuggy, up to 30% in form of calcareous I 
sand; Clay (Marl), 30%, pale yellowish brown (10YR 7/4), 
calcareous, very soft, cohesive, non plastic. 

WOB=10K 
RPM=27 

1050-1060 10 

LIMESTONE AND LITTLE CLAY (MARL); Limestone, 90%, 
pale yellowish brown (10YR 7/4), fossiliferous packstone, 
arenaceous, with abundant shell intraclasts, little yellowish gray (5Y 
7/2), oolitic grainstone, trace of phosphate, very fine grained, 
moderately well cemented, moderately hard, vuggy, little sandy; 
Clay (Marl), 10%, pale yellowish brown (10YR 7/4), calcareous, 
very soft, cohesive, non plastic. 

WOB=10K 
RPM=27 

1060-1070 10 

SAND AND SOME CLAY (MARL); Sand, 70%, yellowish gray 
(5Y 7/2) to pale yellowish brown (10YR 7/4), calcareous, product of 
disintegrated oolitic limestone, trace of phosphate, very fine- to 
coarse- grained; Clay (Marl), 30%, yellowish gray (5Y 7/2), trace 
greenish gray (5GY 6/1), calcareous, very soft, cohesive, non 
plastic. 

WOB=10K 
RPM=27 

1070-1120 50 

SAND AND LITTLE CLAY (MARL); Sand, 90%, yellowish gray 
(5Y 8/1to 5Y 7/2), calcareous, product of disintegrated oolitic 
limestone, trace of shell, fragments to 2 mm, trace of phosphate, 
very fine- to fine- grained, sub-rounded to sub-angular, few 
fragments of limestone to 5 mm; Clay (Marl), 10%, yellowish gray 
(5Y 7/2) to pale olive (10Y 6/2), calcareous, very soft, slightly 
cohesive, non plastic. 

WOB=10K 
RPM=27 

1120-1150 30 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to pale 1150-1160 10 
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phosphate, vety fine- to fine- grained, sub-rounded to sub-angular, 
few fragments of limestone to 5 mm; Clay (Marl), 10%, yellowish 
gray (5Y 7/2) to pale olive (lOY 6/2), calcareous, vety soft, 
cohesive, non plastic,. 
CLAY; Clay, 100%, pale olive (5Y 6/4), slightly calcareous, vety 
soft, low plasticity, cohesive, trace of calcareous sand, vety fine 
grained. 

WOB=15-20K 
RPM=27 

1010-1030 20 

SANDY CLAY (MARL) AND SOME LIMESTONE; Clay (Marl), 
40%, yellowish gray (5Y 7/2), calcareous, chalky, trace of 
phosphate, vety soft, cohesive, non plastic; Sand, 40%, yellowish 
gray (5Y 7/2 and %Y 8/1), calcareous, vety fme- to medium-
grained, sub-angular. Limestone, 20%, yellowish gray (5Y 8/1), 
oolitic grainstone and arenaceous packstone, fossiliferous with 
abundant shell intraclasts, vety fine grained, moderately well 
cemented, soft to moderately hard, vuggy. 

WOB=10K 
RPM=27 

1030-1040 10 

CLAY AND VERY LITTLE LIMESTONE; Clay, 95%, pale olive 
(lOY 6/2), slightly calcareous, with trace of calcareous, vety fine 
grained sand, vety soft, low plasticity to non plastic; Limestone, 5%, 
yellowish gray (5Y 7/2), packstone, fossiliferous, with shell 
intraclasts, poorly cemented, very soft. 

WOB=10K 
RPM=27 

1040-1050 10 

LIMESTONE AND SOME CLAY (MARL); Limestone, 70%, pale 
yellowish brown (lOYR 7/4), fossiliferous packstone, arenaceous, 
with abundant shell intraclasts, some yellowish gray (5Y 7/2) oolitic 
grainstone, trace of phosphate, vety fine grained, pooriy- to 
moderately well- cemented, vuggy, up to 30% in form of calcareous 
sand; Clay (Marl), 30%, pale yellowish brown (lOYR 7/4), 
calcareous, very soft, cohesive, non plastic. 

WOB=10K 
RPM=27 

1050-1060 10 

LIMESTONE AND LITTLE CLAY (MARL); Limestone, 90%, 
pale yellowish brown (lOYR 7/4), fossiliferous packstone, 
arenaceous, with abundant shell intraclasts, little yellowish gray (5Y 
7/2), oolitic grainstone, trace of phosphate, vety fine grained, 
moderately well cemented, moderately hard, vuggy, littie sandy; 
Clay (Marl), 10%, pale yellowish brown (lOYR 7/4), calcareous, 
vety soft, cohesive, non plastic. 

WOB=10K 
RPM=27 

1060-1070 10 

SAND AND SOME CLAY (MARL); Sand, 70%, yellowish gray 
(5Y 7/2) to pale yellowish brown (lOYR 7/4), calcareous, product of 
disintegrated oolitic limestone, trace of phosphate, vety fine- to 
coarse- grained; Clay (Marl), 30%, yellowish gray (5Y 7/2), trace 
greenish gray (5GY 6/1), calcareous, vety soft, cohesive, non 
plastic. 

WOB=10K 
RPM=27 

1070-1120 50 

SAND AND LITTLE CLAY (MARL); Sand, 90%, yellowish gray 
(5Y 8/lto 5Y 7/2), calcareous, product of disintegrated oolitic 
limestone, trace of shell, fi'agments to 2 mm, trace of phosphate, 
vety fine- to fine- grained, sub-rounded to sub-angular, few 
fragments of limestone to 5 mm; Clay (Marl), 10%, yellowish gray 
(5Y 7/2) to pale olive (lOY 6/2), calcareous, vety soft, slightly 
cohesive, non plastic. 

WOB=10K 
RPM=27 

1120-1150 30 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to pale 1150-1160 10 
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yellowish brown (10YR 6/2), fossiliferous mudstone and packstone, 
little grainstone, numerous shell intraclasts, moderately well 
cemented, moderately hard, vuggy, trace of phosphate, partly in 
form of calcareous sand, fine- to coarse- grained; Clay, trace, 
yellowish gray (5Y 7/2), very soft. 
LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to pale 
yellowish brown (10YR 6/2), grainstone and packstone, very 
fossiliferous, numerous shell fragments and intraclasts (bivalves, 
corals), slightly dolomitic and calcitic, fine grained, very little light 
gray (N7), microcrystalline, moderately well cemented, moderately 
hard, very vuggy to porous. 

WOB=8-10K 
RPM=22 

1160-1170 10 

LIMESTONE AND LITTLE DOLOSTONE; Limestone, 90%, pale 
yellowish brown (10YR 6/2), some yellowish gray (5Y 7/2), 
grainstone and packstone, very fossiliferous with numerous shells 
(mostly fragments and shell intraclasts to 5mm), slightly dolomitic 
and calcitic, moderately well cemented, moderately hard, very 
vuggy to porous; Dolostone, 10%, yellowish gray (5Y 7/2), fine 
crystalline, slightly vuggy, well cemented, hard. 

WOB=8-10K 
RPM=22 

1170-1190 20 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to pale 
yellowish brown (10YR 6/2), grainstone and packstone, very 
fossiliferous with numerous shell fragments and intraclasts 
(bivalves, corals), slightly dolomitic and calcitic, very little light 
gray (N7) and microcrystalline, poorly- to moderately well-
cemented, soft to moderately hard, some in a form of calcareous 
sand, very vuggy to porous. 

WOB=8-10K 
RPM=22 

1190-1220 30 

LIMESTONE AND SOME DOLOSTONE; Limestone, 80%, pale 
yellowish brown (10YR 6/2), little yellowish gray (5Y 7/2), 
grainstone and packstone, very fossiliferous with numerous shell 
fragments and shell intraclasts to 5mm, dolomitic and calcitic, 
moderately well cemented, moderately hard, very vuggy to porous; 
Dolostone, 20%, pale yellowish brown (10YR 6/2), fine crystalline, 
slightly vuggy, well cemented, hard. 

WOB=8-10K 
RPM=22 

1220-1250 30 

LIMESTONE AND SOME DOLOSTONE; Limestone, 70%, pale 
yellowish brown (10YR 6/2), grainstone and packstone, very 
fossiliferous with numerous shell fragments and shell intraclasts to 
5 mm, dolomitic with calcitic matrix, moderately well- to poorly-
emented, soft to moderately hard, some in a form of calcareous 

sand, very vuggy to porous; Dolostone, 30%, pale yellowish brown 
(10YR 6/2), fine crystalline, slightly vuggy, well cemented, hard. 

WOB=1-2K 
RPM=20 

1250-1270 20 

CALCAREOUS AND DOLOMITIC SAND; Sand, 100%, pale 
yellowish brown (10YR 6/2) to yellowish gray (5Y 7/2), product of 
poorly cemented, weathered oolitic limestone and dolostone , fine-
to medium- grained. 

WOB=<1K 
RPM=20 

1270-1290 20 

DOLOSTONE AND LITTLE LIMESTONE; Dolostone, 90%, light 
gray (N7) to medium gray (N6), fine-to micro-crystalline, 
moderately well cemented, moderately hard, slightly vuggy; 
Limestone, 10%, pale yellowish brown, packstone, fossiliferous 

WOB=1-2K 

. 

RPM=20  
1290-1320 30 
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yellowish brown (lOYR 6/2), fossiliferous mudstone and packstone, 
little grainstone, numerous shell intraclasts, moderately well 
cemented, moderately hard, vuggy, trace of phosphate, partly in 
form of calcareous sand, fine- to coarse- grained; Clay, trace, 
yellowish gray (5Y 7/2), very soft. 
LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to pale 
yellowish brown (lOYR 6/2), grainstone and packstone, vety 
fossiliferous, numerous shell fragments and intraclasts (bivalves, 
corals), slightly dolomitic and calcitic, fine grained, vety little light 
gray (N7), microctystalline, moderately well cemented, moderately 
hard, very vuggy to porous. 

WOB=8-10K 
RPM=22 

1160-1170 10 

LIMESTONE AND LITTLE DOLOSTONE; Limestone, 90%, pale 
yellowish brown (lOYR 6/2), some yellowish gray (5Y 7/2), 
grainstone and packstone, vety fossiliferous with numerous shells 
(mostly fragments and shell intraclasts to 5mm), slightly dolomitic 
and calcitic, moderately well cemented, moderately hard, vety 
vuggy to porous; Dolostone, 10%, yellowish gray (5Y 7/2), fine 
crystalline, slightly vuggy, well cemented, hard. 

WOB=8-10K 
RPM=22 

1170-1190 20 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to pale 
yellowish brown (lOYR 6/2), grainstone and packstone, vety 
fossiliferous with numerous shell fi'agments and intraclasts 
(bivalves, corals), slightly dolomitic and calcitic, vety little light 
gray (N7) and microctystalline, pooriy- to moderately well-
cemented, soft to moderately hard, some in a form of calcareous 
sand, very vuggy to porous. 

WOB=8-10K 
RPM=22 

1190-1220 30 

LIMESTONE AND SOME DOLOSTONE; Limestone, 80%, pale 
yellowish brown (lOYR 6/2), little yellowish gray (5Y 7/2), 
grainstone and packstone, vety fossiliferous with numerous shell 
Segments and shell intraclasts to 5mm, dolomitic and calcitic, 
moderately well cemented, moderately hard, vety vuggy to porous; 
Dolostone, 20%, pale yellowish brown (lOYR 6/2), fme ctystalline, 
slightly vuggy, well cemented, hard. 

WOB=8-10K 
RPM=22 

1220-1250 30 

LIMESTONE AND SOME DOLOSTONE; Limestone, 70%, pale 
yellowish brown (lOYR 6/2), grainstone and packstone, vety 
fossiliferous with numerous shell fi'agments and shell intraclasts to 
5 mm, dolomitic with calcitic matrix, moderately well- to poorly-
cemented, soft to moderately hard, some in a form of calcareous 
sand, vety vuggy to porous; Dolostone, 30%, pale yellowish brown 
(lOYR 6/2), fme crystalline, slightly vuggy, well cemented, hard. 

WOB=l-2K 
RPM=20 

1250-1270 20 

CALCAREOUS AND DOLOMITIC SAND; Sand, 100%, pale 
yellowish brown (lOYR 6/2) to yellowish gray (5Y 7/2), product of 
pooriy cemented, weathered oolitic limestone and dolostone, fine-
to medium- grained. 

WOB=<lK 
RPM=20 

1270-1290 20 

DOLOSTONE AND LITTLE LIMESTONE; Dolostone, 90%, light 
gray (N7) to medium gray (N6), fine-to micro-ctystalline, 
moderately well cemented, moderately hard, slightiy vuggy; 
Limestone, 10%, pale yellowish brown, packstone, fossiliferous 

WOB=l-2K 
RPM=20 

1290-1320 30 
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with shell intraclasts, poorly cemented, soft, vuggy; Clay, trace, 
medium gray (N6), soft, non-plastic. 
CALCAREOUS AND DOLOMITIC SAND; Sand, 100%, pale 
yellowish brown (10YR 6/2) to yellowish gray (5Y 7/2), product of 
poorly cemented, weathered oolitic limestone and dolostone , fme-
to medium- grained. 

WOB=<1K 
RPM=20 

1320-1330 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (5Y 8/1) to 
very pale orange (10YR 8/2), calcareous, very fine- to medium- 
grained, product of disintegrated oolitic limestone. 

WOB=1-2K 
RPM=20 

1330-1340 10 

LIMESTONE: Limestone, 100%, very light gray (N8) to light gray 
(N7), oolitic grainstone, little fine crystalline and dolomitic, chalky, 
mostly in a form of calcareous sand, trace of fossils, poorly- to 
moderately, well- cemented; Clay, trace, medium gray (N6), 
calcareous, soft, non-plastic. 

W013=1K 
RPM=20 

1340-1350 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to pale 
yellowish brown (10YR 6/2), very fossiliferous, oolitic grainstone , 
slightly dolomitic, with numerous shell intraclasts and trace of 
forams, poorly- to moderately well- cemented, very soft to soft, 
some in a form of calcareous sand, vuggy . 

WOB=1K 
RPM=20 

1350-1370 20 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2 and 5Y 
8/1) , oolitic grainstone, fine grained, with trace of fossils, very soft 
to soft, poorly cemented, mostly in a form of calcareous sand, 
vuggy; Dolostone, trace, light gray (N7) to medium gray (N6), 
microcrystalline, moderately well cemented, moderately hard. 

WOB=1K 
RPM=20 

1370-1410 40 

CALCAREOUS SAND; Sand, 100%, pale yellowish brown (10YR 
6/2) to yellowish gray (5Y 7/2), product of poorly cemented, 
weathered oolitic limestone, trace of forams and trace of shell 
fragments, calcitic, fme- to medium- grained, few fragments to 
10 mm. 

WOB=<1K 
RPM=22 

1410-1460 50 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 8/1), little 
pale yellowish brown (10YR 6/2), slightly dolomitic, fine 
crystalline, little oolitic grainstone, very fme- to fine- grained, 
moderately well cemented, moderately hard. 

WOB=1-2K 
RPM=22 

1460-1480 20 

CALCAREOUS AND DOLOMITIC SAND; Sand, 100%, pale 
yellowish brown (10YR 6/2), product of poorly cemented, 
weathered oolitic limestone and dolostone, containing trace of shell 
fragments, fine grained. 

WOB=<1K 
RPM=22 

1480-1490 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), 
packstone, little oolitic grainstone, very fine- to fine- grained, 
moderately well- to poorly-cemented, vuggy, soft, up to 20% in a 
form of calcareous sand. 

WOB=<K 
RPM=22 

1490-1500 10 

LIMESTONE; Limestone, 100%, pale yellowish brown (10YR 6/2) 
to yellowish gray (5Y 7/2), oolitic grainstone, some packstone, very 
fme- to fine- grained, vuggy, poorly-cemented, soft to very soft, up 
to 60% in a form of calcareous sand. 

WOB=<1K 
RPM=22 

1500-1520 20 

LIMESTONE AND SOME DOLOSTONE; Limestone, 75%, 
yellowish gray (5Y 8/1), fine-to micro-crystalline, dolomitic, 

WOB=4-5K 
RPM=22 

1520-1530 10 
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with shell intraclasts, poorly cemented, soft, vuggy; Clay, trace, 
medium gray (N6), soft, non-plastic. 
CALCAREOUS AND DOLOMITIC SAND; Sand, 100%, pale 
yellowish brown (lOYR 6/2) to yellowish gray (5Y 7/2), product of 
poorly cemented, weathered oolitic limestone and dolostone, fme-
to medium- grained. 

WOB=<lK 
RPM=20 

1320-1330 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (5Y 8/1) to 
vety pale orange (lOYR 8/2), calcareous, vety fine- to medium-
grained, product of disintegrated oolitic limestone. 

W0B=1-2K 
RPM=20 

1330-1340 10 

LIMESTONE: Limestone, 100%, vety light gray (N8) to light gray 
(N7), oolitic grainstone, little fine ctystalline and dolomitic, chalky, 
mostly in a form of calcareous sand, trace of fossils, poorly- to 
moderately well- cemented; Clay, trace, medium gray (N6), 
calcareous, soft, non-plastic. 

WOB=lK 
RPM=20 

1340-1350 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to pale 
yellowish brown (lOYR 6/2), vety fossiliferous, oolitic grainstone, 
slightly dolomitic, with numerous shell intraclasts and trace of 
forams, poorly- to moderately well- cemented, vety soft to soft, 
some in a form of calcareous sand, vuggy. 

WOB=lK 
RPM=20 

1350-1370 20 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2 and 5Y 
8/1), oolitic grainstone, fine grained, with trace of fossils, vety soft 
to soft, poorly cemented, mostly in a form of calcareous sand, 
vuggy; Dolostone, trace, light gray (N7) to medium gray (N6), 
microcrystalline, moderately well cemented, moderately hard. 

WOB=lK 
RPM=20 

1370-1410 40 

CALCAREOUS SAND; Sand, 100%, pale yellowish brown (lOYR 
6/2) to yellowish gray (5Y 7/2), product of poorly cemented, 
weathered oolitic limestone, trace of forams and trace of shell 
fi'agments, calcitic, fine- to medium- grained, few fiagments to 
10 mm. 

WOB=<lK 
RPM=22 

1410-1460 50 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 8/1), little 
pale yellowish brown (lOYR 6/2), slightly dolomitic, fme 
Ctystalline, little oolitic grainstone, vety fine- to fine- grained, 
moderately well cemented, moderately hard. 

W0B=1-2K 
RPM=22 

1460-1480 20 

CALCAREOUS AND DOLOMITIC SAND; Sand, 100%, pale 
yellowish brown (lOYR 6/2), product of poorly cemented, 
weathered oolitic limestone and dolostone, containing trace of shell 
fragments, fme grained. 

WOB=<lK 
RPM=22 

1480-1490 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), 
packstone, little oolitic grainstone, vety fine- to fine- grained, 
moderately well- to poorly-cemented, vuggy, soft, up to 20% in a 
form of calcareous sand. 

WOB=<K 
RPM=22 

1490-1500 10 

LIMESTONE; Limestone, 100%, pale yellowish brown (lOYR 6/2) 
to yellowish gray (5Y 7/2), oolitic grainstone, some packstone, vety 
fme- to fine- grained, vuggy, poorly-cemented, soft to vety soft, up 
to 60% in a form of calcareous sand. 

WOB=<lK 
RPM=22 

1500-1520 20 

LIMESTONE AND SOME DOLOSTONE; Limestone, 75%, 
yello>vish gray (5Y 8/1), fine-to micro-crystalline, dolomitic. 

WOB=4-5K 
RPM=22 

1520-1530 10 
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moderately well cemented, moderately hard; Dolostone, 25%, pale 
yellowish brown (10YR 6/2), microcrystalline, hard. 
LIMESTONE AND LITTLE DOLOSTONE; Limestone,90% , 
yellowish gray (5Y 7/2), packstone, poorly cemented, soft, up to 
60% in a form of calcareous sand; Dolostone, 10%, pale yellowish 
brown (10YR 6/2), microcrystalline, hard. 

WOB=2K 
RPM=22 

1530-1540 10 

CALCAREOUS SAND; Sand, 100%, pale yellowish brown (10YR 
6/2) to yellowish gray (5Y 7/2), product of poorly cemented, 
weathered oolitic limestone, trace of fossils (shell fragments), fine-
to medium- grained, few fragments to 10 mm. 

WOB=<1K 
RPM=22 

1540-1550 10 

LIMESTONE; Limestone, 100%, pale yellowish brown (10YR 6/2) 
to yellowish gray (5Y 7/2), oolitic grainstone, some packstone, trace 
of fossils (shall fragments), very fine- to fine- grained, vuggy, 
poorly-to moderately well-cemented, very soft to moderately hard, 
up to 30% in a form of calcareous sand. 

WOB=2K 
RPM=22 

1550-1560 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 8/1), oolitic 
grainstone, trace of fossils (shell fragments) and trace of phosphate, 
very fine- to fine- grained, moderately well cemented, moderately 
hard, slightly vuggy, soft. 

WOB=2-4K 
RPM=22 

1560-1570 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, trace of fossils, trace of phosphate, very fine- to fine- 
grained, very soft to moderately hard, poorly- to moderately- well 
cemented, some in a form of calcareous sand, few fragments to10 
mm, up to 10% of light olive gray (5Y 6/1), dolomitic, fine 
crystalline, moderately hard, moderately well cemented, slightly 
vuggY• 

WOB=1-2K 
RPM=22 

1570-1590 20 

CALCAREOUS SAND; Sand, 100%, pale yellowish brown (10YR 
6/2) to yellowish gray (5Y 7/2), product of poorly cemented, 
weathered oolitic limestone, trace of fossils (shell fragments), very 
fine- to fine- grained, few fragments to 10 mm. 

WOB=1-2K 
RPM=22 

1590-1600 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 8/1), oolitic 
grainstone, trace of fossils (shell fragments) and trace of phosphate, 
very fine- to fine- grained, moderately well cemented, moderately 
hard, slightly vuggy, soft. 

WOB=2-4K 
RPM=22 

1600-1610 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), little 
pale yellowish brown (10YR 6/2), oolitic grainstone, trace of fossils 
(shall fragments), very fine- to fine- grained, vuggy, poorly-to 
moderately well-cemented, very soft to moderately hard, up to 30% 
in a form of calcareous sand 

WOB=1-2K 
RPM=22 

1610-1630 20 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2) and pale yellowish brown (10YR 6/2), 
oolitic grainstone, trace of fossils and trace of phosphate, fine 
grained, poorly- to moderately well- cemented, up to 40% in a form 
of calcareous sand, vuggy; Dolostone, 20%, pale yellowish brown 
fine crystalline, hard. 

WOB=2-4K 
RPM=22 

1630-1670 40 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, trace of fossils and trace 
of phosphate, fine grained, poorly cemented, soft to very soft; 

WOB=2-4K 
RPM=22 

1670-1710 40 
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moderately well cemented, moderately hard; Dolostone, 25%, pale 
yellowish brown (lOYR 6/2), microcrystalline, hard. 
LIMESTONE AND LITTLE DOLOSTONE; Limestone,90%, 
yellowish gray (5Y 7/2), packstone, pooriy cemented, soft, up to 
60% in a form of calcareous sand; Dolostone, 10%, pale yellowish 
brown (lOYR 6/2), microcrystalline, hard. 

WOB=2K 
RPM=22 

1530-1540 10 

CALCAREOUS SAND; Sand, 100%, pale yellowish brown (lOYR 
6/2) to yellowish gray (5Y 7/2), product of poorly cemented, 
weathered oolitic limestone, trace of fossils (shell fi'agments), fine-
to medium- grained, few fragments to 10 mm. 

WOB=<lK 
RPM=22 

1540-1550 10 

LIMESTONE; Limestone, 100%, pale yellowish brown (lOYR 6/2) 
to yellowish gray (5Y 7/2), oolitic grainstone, some packstone, trace 
of fossils (shall fiagments), vety fine- to fine- grained, vuggy, 
poorly-to moderately well-cemented, vety soft to moderately hard, 
up to 30% in a form of calcareous sand. 

WOB=2K 
RPM=22 

1550-1560 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 8/1), oolitic 
grainstone, trace of fossils (shell fi'agments) and trace of phosphate, 
vety fine- to fine- grained, moderately well cemented, moderately 
hard, slightly vuggy, soft. 

WOB=2-4K 
RPM=22 

1560-1570 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, trace of fossils, trace of phosphate, vety fine- to fine
grained, vety soft to moderately hard, poorly- to moderately- well 
cemented, some in a form of calcareous sand, few fi'agments to 10 
mm, up to 10% of light olive gray (5Y 6/1), dolomitic, fine 
Ctystalline, moderately hard, moderately well cemented, slightly 
vuggy. 

WOB=l-2K 
RPM=22 

1570-1590 20 

CALCAREOUS SAND; Sand, 100%, pale yellowish brown (lOYR 
6/2) to yellowish gray (5Y 7/2), product of poorly cemented, 
weathered oolitic limestone, trace of fossils (shell fixigments), vety 
fme- to fine- grained, few fragments to 10 mm. 

W0B=1-2K 
RPM=22 

1590-1600 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 8/1), oolitic 
grainstone, trace of fossils (shell fragments) and trace of phosphate, 
vety fine- to fine- grained, moderately well cemented, moderately 
hard, slightly vuggy, soft. 

WOB=2-4K 
RPM=22 

1600-1610 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), little 
pale yellowish brown (lOYR 6/2), oolitic grainstone, trace of fossils 
(shall fragments), vety fine- to fine- grained, vuggy, poorly-to 
moderately well-cemented, vety soft to moderately hard, up to 30% 
in a form of ceilcareous sand 

W0B=1-2K 
RPM=22 

1610-1630 20 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2) and pale yellowish brown (lOYR 6/2), 
oolitic grainstone, trace of fossils and trace of phosphate, fine 
grained, pooriy- to moderately well- cemented, up to 40% in a form 
of calcareous sand, vuggy; Dolostone, 20%, pale yellowish brown 
fine crystalline, hard. 

WOB=2-4K 
RPM=22 

1630-1670 40 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, trace of fossils and trace 
of phosphate, fine grained, poorly cemented, soft to very soft; 

WOB=2-4K 
RPM=22 

1670-1710 40 
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Dolostone, 30%, pale yellowish brown (10YR 6/2), fine- and micro-
crystalline, hard , up to 70% in a form of calcareous and dolomitic 
sand. 
LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, pale 
yellowish brown (10YR 6/2), little yellowish gray (5Y 7/2), 
dolomitic, fine crystalline, some oolitic grainstone, trace of fossils 
(shell fragments), trace of phosphate, poorly- to moderately well-
cemented, moderately hard to very soft, up to 30% in a form of 
calcareous sand; Dolostone, 20%, medium gray (N5) and pale 
yellowish brown (10YR 6/2), microcrystalline, hard. 

WOB=10-15K 
RPM=22 

1710-1720 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), dolomitic, fine crystalline, some oolitic 
grainstone, trace of fossils (shell fragments), trace of phosphate, 
moderately well- cemented, moderately hard to soft, up to 10% in a 
form of calcareous sand; Dolostone, 10%, pale yellowish brown 
(10YR 6/2), microcrystalline, hard. 

WOB=15K 
RPM=22 

1720-1725 5 

LIMESTONE AND DOLOSTONE: Limestone, 50%, yellowish 
gray (5Y 7/2), partly dolomitic, fine crystalline, some oolitic 
grainstone, trace of fossils (shell fragments), trace of phosphate, 
moderately well- to poorly- cemented, moderately hard to soft, some 
in a form of calcareous sand; Dolostone, 50%, pale yellowish brown 
(10YR 6/2), microcrystalline, hard to very hard, vuggy. 

WOB=15-20K 
RPM 22 
Core # 1 interval 
(1729-1745 ft 
bpl) 

1725-1760 35 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, fme grained, little fine crystalline, some pale yellowish 
brown (10YR 6/2) mudstone, very fine grained, trace of fossils 
(small shell fragments), poorly- to moderately- well cemented, very 
soft to moderately hard, some in a form of calcareous sand, few 
fragments to 4-10 mm. 

WOB=7-10K 
RPM=18 

1760-1780 20 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, trace of pale yellowish brown (10YR 6/2),fine 
crystalline, very fine- to fine- grained, vuggy, poorly cemented, very 
soft to soft, up to 50% in a form of calcareous sand. Slightly more 
competent in the interval 1800-1810 ft bpl. 

WOB=8-10K 
RPM=18 

1780-1820 40 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, some fine crystalline and dolomitic, poorly- to 
moderately- well cemented, soft to moderately hard, frequent 
fragments to 0.3-0.5-inch. 

WOB=8-10K 
RPM=18 

1820-1840 20 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone and fme crystalline, poorly- to moderately well- 
cemented, soft to moderately hard, few fragments 2-10 mm, some in 
a form of calcareous sand; Dolostone, trace, olive gray (5Y 5/6) 
withighter calcareous grains, fine crystalline, hard, very vuggy. 

WOB=8-10K 
RPM=18 

1840-1850 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), packstone, some mudstone, pale yellowish 
brown (10YR 6/2), partly dolomitic, moderately well- to well-
cemented, moderately hard to hard; Dolostone, 20%, pale yellowish 
brown (10YR 6/2), with calcareous, yellowish gray (5Y 7/2), 
irregular intraclasts, fine- to micro- crystalline, haid, vuggy. 

WOB=15K 
RPM=18 

1850-1858 8 
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Dolostone, 30%, pale yellowish brown (lOYR 6/2), fine- and micro
ctystalline, hard, up to 70% in a form of calcareous and dolomitic 
sand. 
LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, pale 
yellowish brown (lOYR 6/2), littie yellowish gray (5Y 7/2), 
dolomitic, fine ctystalline, some oolitic grainstone, trace of fossils 
(shell fiagments), trace of phosphate, poorly- to moderately well-
cemented, moderately hard to vety soft, up to 30% in a form of 
calcareous sand; Dolostone, 20%, medium gray (N5) and pale 
yellowish brown (lOYR 6/2), microcrystalline, hard. 

WOB=10-15K 
RPM=22 

1710-1720 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), dolomitic, fine Ctystalline, some oolitic 
grainstone, trace of fossils (shell fi'agments), trace of phosphate, 
moderately well- cemented, moderately hard to soft, up to 10% in a 
form of calcareous sand; Dolostone, 10%, pale yellowish brown 
(lOYR 6/2), microcrystalline, hard. 

W0B=15K 
RPM=22 

1720-1725 5 

LIMESTONE AND DOLOSTONE: Limestone, 50%, yellowish 
gray (5Y 7/2), partly dolomitic, fine ctystalline, some oolitic 
grainstone, trace of fossils (shell fragments), trace of phosphate, 
moderately well- to pooriy- cemented, moderately hard to soft, some 
in a form of calcareous sand; Dolostone, 50%, pale yellowish brown 
(lOYR 6/2), microcrystalline, hard to very hard, vuggy. 

WOB=15-20K 
RPM=22 
Core # 1 interval 
(1729-1745 ft 
bpl) 

1725-1760 35 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, fine grained, littie fine ctystalline, some pale yellowish 
brown (lOYR 6/2) mudstone, vety fine grained, trace of fossils 
(small shell fi'agments), poorly- to moderately- well cemented, vety 
soft to moderately hard, some in a form of calcareous sand, few 
fragments to 4-10 mm. 

WOB=7-10K 
RPM=18 

1760-1780 20 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, trace of pale yellowish brown (lOYR 6/2),fine 
Ctystalline, vety fine- to fine- grained, vuggy, poorly cemented, vety 
soft to soft, up to 50% in a form of calcareous sand. Slightly more 
competent in tiie interval 1800-1810 ft bpl. 

WOB=8-10K 
RPM=18 

1780-1820 40 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, some fine ctystalline and dolomitic, poorly- to 
moderately- well cemented, soft to moderately hard, frequent 
fiagments to 0.3-0.5-inch. 

WOB=8-10K 
RPM=18 

1820-1840 20 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone and fine ctystalline, poorly- to moderately well-
cemented, soft to moderately hard, few fragments 2-10 mm, some in 
a form of calcareous sand; Dolostone, trace, olive gray (5Y 5/6) 
with lighter calcareous grains, fme crystalline, hard, vety vuggy. 

WOB=8-10K 
RPM=18 

1840-1850 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), packstone, some mudstone, pale yellowish 
brown (lOYR 6/2), partly dolomitic, moderately well- to well-
cemented, moderately hard to hard; Dolostone, 20%, pale yellowish 
brown (lOYR 6/2), with calcareous, yellowish gray (5Y 7/2), 
irregular intraclasts, fine- to micro- crystalline, hard, vuggy. 

W0B=15K 
RPM=I8 

1850-1858 8 
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ARCAD1S 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well LW1 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

LIMESTONE: Limestone,100%, yellowish gray (5Y 7/2) to light 
olive gray (5Y 5/2), packstone, some mudstone, slightly dolomitic, 
very fine- to fine- grained, some fine crystalline, trace of fossils 
(shell fragments to 3 mm) and trace of phosphate, with numerous, 
irregular, horizontal laminas of darker material, slightly vuggy, 
moderately well- to well- cemented, moderately hard. 

Core #2 in the 
interval 1858-
1873 ft bpl. 

1858-1867 9 

DOLOSTONE: Dolostone, 100%, yellowish gray (5Y 7/2), 
microcrystalline, competent, massive, with brighter, irregular 
calcareous intraclasts, hard to very hard, with some vugs, from 1869 
ft bpl gradually becoming light olive gray (5Y 5/2), fine crystalline, 
with numerous small calcareous inserts, less competent, 
disintegrating at the bottom and vuggy to very vuggy. 

WOB=10-15K 
RPM=21 

1867-1873 6 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, dark 
yellowish brown (10YR 4/2), very fine- to micro-crystalline with 
irregular, yellowish gray (5Y 7/2) calcareous intraclasts, slightly 
phosphatic, moderately hard to hard, vuggy; Limestone, 30%, 
yellowish gray (5Y 7/2), packstone, some oolitic grainstone, 
phosphatic, very fme- to fine- grained, poorly cemented, very soft, 
mostly in a form of calcareous sand. 

WOB=10K 
RPM=21 

1873-1880 7 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), packstone and grainstone, phosphatic, fine 
grained , poorly cemented, very soft, mostly in a form of calcareous 
sand; Dolostone, 10%, dark yellowish brown (10YR 4/2), very fine-
to fine- crystalline with irregular, yellowish gray (5Y 7/2) 
calcareous intraclasts, slightly phosphatic, moderately hard to soft, 
vuggy; Clay, trace, yellowish gray (5Y 7/2), calcareous, very soft, 
non plastic. 

WOB=7K 
RPM=21 

1880-1890 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, dark 
yellowish brown (10YR 4/2), very fine- to micro- crystalline with 
irregular, yellowish gray (5Y 7/2) calcareous intraclasts, slightly 
phosphatic, moderately hard to hard, vuggy; Limestone, 10%, 
yellowish gray (5Y 7/2), packstone, some oolitic grainstone, 
phosphatic, very fme- to fine- grained, poorly cemented, very soft, 
mostly in a form of calcareous sand. 

WOB=7K 
RPM=21 

1890-1900 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, 
moderate yellowish brown (I OYR 5/2), little pale yellowish brown 
(10YR 6/2), very fine crystalline, slightly phosphatic, moderately 
hard to hard; Limestone, 10%, yellowish gray (5Y 7/2), packstone, 
slightly phosphatic, fine grained, poorly cemented, very soft to soft, 
some in a form of calcareous sand. 

WOB=7K 
RPM=21 

1910-1920 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, 
moderate yellowish brown (10YR 5/2), light olive gray (5Y 5/2) and 
medium gray (N5), very fine- to micro- crystalline, slightly 
phosphatic, moderately hard to hard, some vuggy; Limestone, 30%, 
yellowish gray (5Y 7/2), grainstone and packstone, very fine- to 
fme- grained, poorly cemented, soft, little in a form of calcareous 
sand. 

WOB=7K 
RPM=21  

1920-1930 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, light WOB=7K 1930-1960 30 
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i ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to light 
olive gray (5Y 5/2), packstone, some mudstone, slightly dolomitic, 
vety fme- to fine- grained, some fine ctystalline, trace of fossils 
(shell fi'agments to 3 mm) and trace of phosphate, with numerous, 
inegular, horizontal laminas of darker material, slightly vuggy, 
moderately well- to well- cemented, moderately hard. 

Core #2 in the 
interval 1858-
1873 ft bpl. 

1858-1867 9 

DOLOSTONE: Dolostone, 100%, yellowish gray (5Y 7/2), 
microctystalline, competent, massive, with brighter, irregular 
calcareous intraclasts, hard to vety hard, with some vugs, from 1869 
ft bpl gradually becoming light olive gray (5Y 5/2), fine ctystalline, 
with numerous small calcareous inserts, less competent, 
disintegrating at the bottom and vuggy to very vuggy. 

WOB=10-15K 
RPM=21 

1867-1873 6 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, dark 
yellowish brown (lOYR 4/2), vety fine- to micro-ctystalline with 
irregular, yellowish gray (5Y 7/2) calcareous intraclasts, slightly 
phosphatic, moderately hard to hard, vuggy; Limestone, 30%, 
yellowish gray (5Y 7/2), packstone, some oolitic grainstone, 
phosphatic, vety fme- to fine- grained, poorly cemented, vety soft, 
mostly in a form of calcareous sand. 

WOB=10K 
RPM=21 

1873-1880 7 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), packstone and grainstone, phosphatic, fine 
grained, poorly cemented, vety soft, mostly in a form of calcareous 
sand; Dolostone, 10%, dark yellowish brown (lOYR 4/2), vety fine-
to fine- Ctystalline with irregular, yellowish gray (5Y 7/2) 
calcareous intraclasts, slightly phosphatic, moderately hard to soft, 
vuggy; Clay, trace, yellowish gray (5Y 7/2), calcareous, vety soft, 
non plastic. 

WOB=7K 
RPM=21 

1880-1890 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, dark 
yellowish brown (lOYR 4/2), vety fine- to micro- ctystalline with 
irregular, yellowish gray (5Y 7/2) calcareous intraclasts, slightly 
phosphatic, moderately hard to hard, vuggy; Limestone, 10%, 
yellowish gray (5Y 7/2), packstone, some oolitic grainstone, 
phosphatic, vety fme- to fine- grained, poorly cemented, vety soft, 
mostly in a form of calcareous sand. 

WOB=7K 
RPM=21 

1890-1900 10 

IX)LOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, 
moderate yellowish brown (lOYR 5/2), little pale yellowish brown 
(lOYR 6/2), vety fine ctystalline, slightly phosphatic, moderately 
hard to hard; Limestone, 10%, yellowish gray (5Y 7/2), packstone, 
slightly phosphatic, fine grained, pooriy cemented, vety soft to soft, 
some in a form of calcareous sand. 

W0B=7K 
RPM=21 

1910-1920 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, 
moderate yellowish brown (lOYR 5/2), light olive gray (5Y 5/2) and 
medium gray (N5), vety fine- to micro- ctystalline, slightly 
phosphatic, moderately hard to hard, some vuggy; Limestone, 30%, 
yellowish gray (5Y 7/2), grainstone and packstone, vety fine- to 
fme- grained, poorly cemented, soft, little in a form of calcareous 
sand. 

W0B=7K 
RPM=21 

1920-1930 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, light W0B=7K 1930-1960 30 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well TW1 

DRILLING DEPTH 
INTERVAL 

THICKNESS 
COMMENTS LITHOLOGICAL DESCRIPTION 

gray (N7) to dark gray(N4), little moderate yellowish brown (10YR 
5/2) and light olive gray (5Y 5/2) , very fme- to micro- crystalline, 
slightly phosphatic, moderately hard to hard, vuggy; Limestone, 
10%, yellowish gray (5Y 7/2), grainstone and packstone, very fme-
to fine- grained, poorly cemented, soft, little in a form of calcareous 
sand. 

RPM=21 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 8/1), grainstone, oolitic, some arenaceous, fine- 
to medium- grained, slightly phosphatic, trace of fossils, soft to 
moderately hard, poorly- to moderately well- well cemented; 
Dolostone, 30%, yellowish gray (5Y 7/2), microcrystalline, 
competent, massive, with brighter, irregular calcareous intraclasts, 
hard to very hard, with some vugs 

Core No. 3 
interval from 
1980 to 1995 ft 
bpl. 

1960-2000 40 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 8/1) to pale 
yellowish brown (10YR 6/2), oolitic and arenaceous grainstone, fine 
grained, slightly phosphatic, poorly cemented, very soft, mostly in a 
form of calcareous sand, few small fragments (3-10 mm) of 
moderately hard. 

WOB=7K 
RPM=19 

2000-2040 40 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), some pale yellowish brown (10YR 6/2), 
mostly oolitic grainstone, fine grained, trace of phosphate, poorly- to 
moderately well-cemented, very soft to soft, some a form of 
calcareous sand, frequent fragments 5-10 mm; Dolostone, 20%, pale 
yellowish brown (10YR 6/2), with trace of phosphate, 
microcrystalline, moderately hard, slightly vuggy. 

WOB=7K 
RPM=19 

2040-2070 30 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 7/2), oolitic, arenaceous grainstone, fine grained, with 
calcite spar, slightly phosphatic, seldom light gray (N7) and micritic, 
soft to moderately hard, poorly cemented (calcareous sand) to 
moderately well cemented; Dolostone, 40%, pale yellowish brown 
(10YR 6/2), with trace of phosphate, microcrystalline, moderately 
hard, slightly vuggy. 

WOB=7K 
RPM=19 

2070-2080 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 8/1) to pale yellowish brown (10YR 6/2), oolitic 
and arenaceous grainstone, fine grained, slightly phosphatic, poorly 
cemented, very soft, mostly in a form of calcareous sand, few small 
fragments 3-10 mm of moderately hard; Dolostone, 10%, pale 
yellowish brown (10YR 6/2), with trace of phosphate, 
microcrystalline, moderately hard, slightly vuggy. 

WOB=7K 
RPM=19 

2080-2090 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), some pale yellowish brown (10YR 6/2), 
mostly oolitic grainstone, fme grained, trace of phosphate, poorly- to 
moderately well-cemented, very soft to soft, some in a form of 
calcareous sand, frequent fragments 5-10 mm; Dolostone, 30%, 
light gray (N7) to medium dark gray (N4), microcrystalline, hard, 
slightly vuggy. 

WOB=7K 
RPM=19 

2090-2100 10 

LIMESTONE; Limestone,100%, yellowish gray (5Y 8/1) to very 
pale orange (10YR 8/2), mudstone and packstone, with numerous 

Core No. 4 
interval from 

2100-2107 7 
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(0) ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

gray (N7) to dark gray(N4), little moderate yellowish brown (lOYR 
5/2) and light olive gray (5Y 5/2), vety fine- to micro- ctystalline, 
slightly phosphatic, moderately hard to hard, vuggy; Limestone, 
10%, yellowish gray (5Y 7/2), grainstone and packstone, vety fine-
to fine- grained, poorly cemented, soft, little in a form of calcareous 
sand. 

RPM=21 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 8/1), grainstone, oolitic, some arenaceous, fine-
to medium- grained, slightly phosphatic, trace of fossils, soft to 
moderately hard, poorly- to moderately well- well cemented; 
Dolostone, 30%, yellowish gray (5Y 7/2), microctystalline, 
competent, massive, with brighter, irregular calcareous intraclasts, 
hard to very hard, with some vugs 

Core No. 3 
interval from 
1980 to 1995 ft 
bpl. 

1960-2000 40 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 8/1) to pale 
yellowish brown (lOYR 6/2), oolitic and arenaceous grainstone, fine 
grained, slightly phosphatic, poorly cemented, vety soft, mostly in a 
form of calcareous sand, few small fragments (3-10 mm) of 
moderately hard. 

WOB=7K 
RPM=19 

2000-2040 40 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), some pale yellowish brown (lOYR 6/2), 
mostly oolitic grainstone, fine grained, trace of phosphate, poorly- to 
moderately well-cemented, vety soft to soft, some a form of 
calcareous sand, frequent fiiagments 5-10 mm; Dolostone, 20%, pale 
yellowish brovm (lOYR 6/2), with trace of phosphate, 
microcrystalline, moderately hard, slightly vuggy. 

WOB=7K 
RPM=19 

2040-2070 30 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 7/2), oolitic, arenaceous grainstone, fine grained, with 
calcite spar, slightly phosphatic, seldom light gray (N7) and micritic, 
soft to moderately hard, poorly cemented (calcareous sand) to 
moderately well cemented; Dolostone, 40%, pale yellowish brovm 
(lOYR 6/2), with trace of phosphate, microctystalline, moderately 
hard, slightly vuggy. 

W0B=7K 
RPM=19 

2070-2080 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 8/1) to pale yellowish brown (lOYR 6/2), oolitic 
and arenaceous grainstone, fme grained, slightly phosphatic, poorly 
cemented, vety soft, mostly in a form of calcareous sand, few small 
fragments 3-10 mm of moderately hard; Dolostone, 10%, pale 
yellowish brown (lOYR 6/2), witii trace of phosphate, 
microcrystalline, moderately hard, slightly vuggy. 

W0B=7K 
RPM=19 

2080-2090 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), some pale yellowish brown (lOYR 6/2), 
mostly oolitic grainstone, fine grained, trace of phosphate, poorly- to 
moderately well-cemented, vety soft to soft, some in a form of 
calcareous sand, frequent fi'agments 5-10 mm; Dolostone, 30%, 
light gray (N7) to medium dark gray (N4), microctystalline, hard, 
slightfy vuggy. 

W0B=7K 
RPM=19 

2090-2100 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 8/1) to vety 
pale orange (lOYR 8/2), mudstone and packstone, with numerous 

Core No. 4 
interval from 

2100-2107 7 

QAAnoladsUMRlWF PROJECTSllSCOXJOnr Laigo IW1\Fliill Conanidtan & Tosmg RcportOOBrWdporafceSAEU. LOQ.d»c 

13/24 



ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IWI 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

horizontal laminas of olive gray (5Y 4/1) material, trace of fossils, 
moderately well- to well- cemented, moderately hard, very fine 
grained, below 2103.8 ft bpl becoming yellowish gray (5Y 7/2) 
arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostone, 
rock becoming darker and dolomitic with depth. 

2100-2115 ft 
bpl. 
WOB=7-9K 
RPM=20 

DOLOSTONE: Dolostone, 100%, light olive gray (5Y 6/1), fine 
crystalline, with numerous brighter, irregular intraclasts of yellowish 
gray (5Y 7/2) and light gray (N7) calcareous material, hard to very 
hard, with some vugs. 
2110.3-2110.7: Gradual transition from olive gray (5Y 4/1) 
dolostone into yellowish gray (5Y 7/2) limestone. 

2107-2110 3 

LIMESTONE; Limestone,100%, yellowish gray (5Y 7/2) to light 
olive gray (5Y 5/2), grainstone, fine grained, with trace of fossils 
and trace of phosphate, vuggy to porous, poorly- moderately well-
cemented, soft to moderately hard, fragmented between 2112.3 and 
2113.9 ft bpl, and becoming more competent below 2113.9 ft bpl. 

2110-2120 10 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 7/2), oolitic grainstone, fine grained, some fine crystalline 
packstone, trace of fossils and phosphate, poorly- to moderately 
well- cemented, soft, some in a form of calcareous sand; Dolostone, 
40%, light olive gray (5Y 4/1) to olive gray (5Y 4/1), fine 
crystalline, with numerous brighter, irregular intraclasts of 
calcareous material, hard, vuggy. 

WOB=10K 
RPM=20 

2120-2240 20 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, fine grained, trace of fossils and phosphate, poorly- to 
moderately well- cemented, soft, mostly in a form of calcareous 
sand. 

WOB=10K 
RPM=20 

2140-2150 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, fine grained, trace of 
phosphate, poorly- to moderately well-cemented, very soft to soft, 
mostly in a form of calcareous sand; Dolostone, 30%, light gray 
(N7) to medium dark gray (N4), microcrystalline, hard, slightly 
vuggy 

WOB=10K 
RPM=20 

2150-2160 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, fine grained, trace of fossils and phosphate, poorly- to 
moderately well- cemented, soft, mostly in a form of calcareous 
sand. 

WOB=10K 
RPM=20 

2160-2170 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), mostly oolitic grainstone, some packstone, 
trace of fossils and phosphate, fine grained, moderately well 
cemented, moderately hard; Dolostone, 10%, yellowish gray (5Y 
7/2) to light olive gray (5Y 6/1), fine crystalline, hard, slightly 
vuggY• 

WOB=10K 
RPM=20 

2170-2180 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2 to 8/1), mostly packstone, some grainstone, 
slightly dolomitic, with trace of fossils and trace of phosphate, very 
fine- to fine- grained, moderately well cemented, moderately hard to 

WOB=12K 
RPM=20 
Core No. 5 
interval from 

2180-2200 20 
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ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

horizontal laminas of olive gray (5Y 4/1) material, trace of fossils, 
moderately well- to well- cemented, moderately hard, vety fine 
grained, below 2103.8 ft bpl becoming yellowish gray (5Y 7/2) 
arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostone, 
rock becoming darker and dolomitic with depth. 

2100-2115 ft 
bpl. 
WOB=7-9K 
RPM=20 

DOLOSTONE: Dolostone, 100%, light olive gray (5Y 6/1), fme 
Ctystalline, with numerous brighter, irregular intraclasts of yellowish 
gray (5Y 7/2) and light gray (N7) calcareous material, hard to vety 
hard, with some vugs. 
2110.3-2110.7: Gradual transition from olive gray (5Y 4/1) 
dolostone into yellowish gray (5Y 7/2) limestone. 

2107-2110 3 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2) to light 
olive gray (5Y 5/2), grainstone, fine grained, with trace of fossils 
and trace of phosphate, vuggy to porous, poorly- moderately well-
cemented, soft to moderately hard, fragmented between 2112.3 and 
2113.9 ft bpl, and becoming more competent below 2113.9 ft bpl. 

2110-2120 10 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 7/2), oolitic grainstone, fine grained, some fine ctystalline 
packstone, trace of fossils and phosphate, poorly- to moderately 
well- cemented, soft, some in a form of calcareous sand; Dolostone, 
40%, light olive gray (5Y 4/1) to olive gray (5Y 4/1), fine 
Ctystalline, with numerous brighter, irregular intraclasts of 
calcareous material, hard, vuggy. 

WOB=10K 
RPM=20 

2120-2240 20 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, fine grained, trace of fossils and phosphate, poorly- to 
moderately well- cemented, soft, mostly in a form of calcareous 
sand. 

WOB=10K 
RPM=20 

2140-2150 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, fine grained, trace of 
phosphate, poorly- to moderately well-cemented, vety soft to soft, 
mostly in a form of calcareous sand; Dolostone, 30%, light gray 
(N7) to medium dark gray (N4), microctystalline, hard, slightiy 
vuggy. 

WOB=IOK 
RPM=20 

2150-2160 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, fine grained, trace of fossils and phosphate, poorly- to 
moderately well- cemented, soft, mostly in a form of calcareous 
sand. 

WOB=10K 
RPM=20 

2160-2170 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), mostiy oolitic grainstone, some packstone, 
trace of fossils and phosphate, fme grained, moderately well 
cemented, moderately hard; Dolostone, 10%, yellowish gray (5Y 
7/2) to light olive gray (5Y 6/1), fine ctystalline, hard, slightly 
vuggy. 

WOB=10K 
RPM=20 

2170-2180 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2 to 8/1), mostly packstone, some grainstone, 
slightly dolomitic, with trace of fossils and trace of phosphate, vety 
fine- to fine- grained, moderately well cemented, moderately hard to 

WOB=12K 
RPM=20 
Core No. 5 . 
interval fit>m 

2180-2200 20 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IWl 

DRILLING THICKNESS DEPTH 
INTERVAL COMMENTS LITHOLOGICAL DESCRIPTION 

hard, trace of vugs; Dolostone, 30%, light olive gray (5Y 6/1) to 
yellowish gray (5Y 7/2), fine crystalline, hard. 

2182-2197 ft 
bpl. 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, some packstone, trace of 
fossils and phosphate, fine grained, poorly- to moderately well-
cemented, soft to moderately hard, some in a form of calcareous 
sand; Dolostone, 30%, yellowish gray (5Y 7/2), light olive gray (5Y 
6/1), little light gray (N7), fine crystalline, hard. 

WOB=15K 
RPM=19 

2200-2250 50 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), mostly oolitic grainstone, some packstone, 
fme grained, some fine crystalline, some very pale orange (10YR 
8/2), dolomitic, trace of fossils and phosphate, moderately well 
cemented, moderately hard, little calcareous sand; Dolostone, 10%, 
yellowish gray (5Y 7/2), fine crystalline, hard. 

WOB=15K 
RPM=19 

2250-2270 20 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, fine grained, poorly- to 
moderately well- cemented, soft to moderately hard, mostly in a 
form of calcareous sand; Dolostone, 10%, light olive brown (5Y 
5/6) to medium gray (N5), fine crystalline, hard; Phosphate, trace, 
black, fine grained. . 

WOB=15K 
RPM=19 

2270-2300 30 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, some packstone, trace of 
fossils and phosphate, fine grained, poorly- to moderately well-
cemented, soft to moderately hard, some in a form of calcareous 
sand; Dolostone, 30%, yellowish gray (5Y 7/2), light olive gray (5Y 
6/1), little light gray (N7), fine crystalline, hard. 

WOB=15K 
RPM=19 

2300-2320 20 

LIMESTONE AND VERY LITTLE DOLOSTONE: Limestone, 
95%, yellowish gray (5Y 7/2), oolitic grainstone, poorly-to 
moderately well- cemented, mostly soft and in a form of calcareous 
sand; Dolostone, 5%, medium gray (N5), fine crystalline, hard; 
Phosphate, trace, black, fme grained 

WOB=15K 
RPM=19 

2320-2370 50 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, fine grained, trace of phosphate, poorly cemented, soft, 
mostly in a form of calcareous sand; Clay, trace, yellowish gray (5Y 
7/2), calcareous, very soft, non plastic. 

WOB=10K 
RPM=19 

2370-2380 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, pale 
yellowish brown (10YR 6/2), with calcareous intraclasts, fine 
crystalline, well cemented, hard, vuggy; Limestone, 30%, yellowish 
gray (5Y 7/2), packstone, trace of fossils and phosphate, fine 
grained, well cemented, moderately hard. 

WOB=10K 
RPM=19 

2380-2390 10 

CALCAREOUS SAND; Sand, 100%, pale yellowish brown (10YR 
6/2) to yellowish gray (5Y 7/2), product of poorly cemented, 
weathered oolitic limestone, trace of fossils and phosphate, fine- to 
medium-grained, few fragments to 10 mm.; Dolostone, trace, 
medium gray (N5), fine crystalline, moderately hard; Clay, trace,  

dark greenish gray (5GY 4/1), soft, non plastic. 

WOB=I OK 
RPM=19 

2390-2400 10 . 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, WOB=10K 2400=2430 30 
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3̂ ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

hard, trace of vugs; Dolostone, 30%, light olive gray (5Y 6/1) to 
yellowish gray (5Y 7/2), fine Ctystalline, hard. 

2182-2197 ft 
bpl. 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, some packstone, trace of 
fossils and phosphate, fine grained, poorly- to moderately well-
cemented, soft to moderately hard, some in a form of calcareous 
sand; Dolostone, 30%, yellowish gray (5Y 7/2), light olive gray (5Y 
6/1), little light gray (NT), fine crystalline, hard. 

WOB=15K 
RPM=19 

2200-2250 50 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), mostly oolitic grainstone, some packstone, 
fine grained, some fine ctystalline, some vety pale orange (lOYR 
8/2), dolomitic, trace of fossils and phosphate, moderately well 
cemented, moderately hard, little calcareous sand; Dolostone, 10%, 
yellowish gray (5Y 7/2), fine crystalline, hard. 

WOB=l5K 
RPM=19 

2250-2270 20 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, fine grained, poorly- to 
moderately well- cemented, soft to moderately hard, mostly in a 
form of calcareous sand; Dolostone, 10%, l i ^ t olive brown (5Y 
5/6) to medium gray (N5), fine ctystalline, hard; Phosphate, trace, 
black, fine grained. . 

W0B=15K 
RPM=19 

2270-2300 30 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, some packstone, trace of 
fossils and phosphate, fine grained, pooriy- to moderately well-
cemented, soft to moderately hard, some in a form of calcareous 
sand; Dolostone, 30%, yellowish gray (5Y 7/2), light olive gray (5Y 
6/1), little light gray (N7), fine crystalline, hard. 

W0B=15K 
RPM=19 

2300-2320 20 

LIMESTONE AND VERY LITTLE DOLOSTONE: Limestone, 
95%, yellowish gray (5Y 7/2), oolitic grainstone, poorly-to 
moderately well- cemented, mostly soft and in a form of calcareous 
sand; Dolostone, 5%, medium gray (N5), fine ctystalline, hard; 
Phosphate, trace, black, fine grained 

WOB=15K 
RPM=19 

2320-2370 50 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, fine grained, trace of phosphate, poorly cemented, soft, 
mostly in a form of calcareous sand; Clay, trace, yellowish gray (5Y 
7/2), calcareous, very soft, non plastic. 

WOB=10K 
RPM=19 

2370-2380 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, pale 
yellowish brown (lOYR 6/2), with calcareous intraclasts, fine 
Ctystalline, well cemented, hard, vuggy; Limestone, 30%, yellowish 
gray (5Y 7/2), packstone, trace of fossils and phosphate, fme 
grained, well cemented, moderately hard. 

WOB=IOK 
RPM=I9 

2380-2390 10 

CALCAREOUS SAND; Sand, 100%, pale yellowish brown (lOYR 
6/2) to yellowish gray (5Y 7/2), product of poorly cemented, 
weathered oolitic limestone, trace of fossils and phosphate, fine- to 
medium-grained, few Augments to 10 mm.; Dolostone, trace, 
medium gray (N5), fine ctystalline, moderately hard; Clay, trace, 
dark greenish gray (SGY 4/1), soft, non plastic. 

WOB=10K 
RPM=19 

2390-2400 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, WOB=10K 2400̂ 2430 30 
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PIARCADIS GEOLOGIC LOG 
Key Largo WTD Injection Well System 

Injection Well IWl 

DRILLING DEPTH 
INTERVAL 

THICKNESS 
COMMENTS LITHOLOGICAL DESCRIPTION 

yellowish gray (5Y 7/2), mostly oolitic grainstone, poorly cemented, 
very soft and sandy, fine grained, little packstone and 
microcrystalline, yellowish gray (7/2 8/1), moderately well 
cemented, moderately hard, slightly vuggy; Dolostone, 30%, light 
gray (N7) to dark gray (N3), microcrystalline, moderately hard. 

RPM=19 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone with trace of packstone, poorly cemented, very soft, 
mostly disintegrating into calcareous sand, few larger fragments to 5 
mm; Clay, trace, yellowish gray (5Y 8/1), calcareous, chalky, very 
soft, non plastic. 

WOB=10K 
RPM=19 

2430-2530 100 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), mostly oolitic grainstone, poorly cemented, 
very soft and sandy, fine grained, little packstone and 
microcrystalline, yellowish gray (7/2 8/1), moderately well 
cemented, moderately hard, slightly vuggy; Dolostone, 20%, light 
gray (N7), microcrystalline, moderately hard. 

WOB=10K 
RPM=19 

2530-2550 20 

LIMESTONE: Limestone, 100%, pale yellowish brown (IOYR 6/2), 
oolitic grainstone, trace of forams, poorly cemented, very soft, 
mostly disintegrating into calcareous sand; Dolomitic sand, trace, 
grayish orange (10YR 7/4). 

WOB=10K 
RPM=19 

2550-2560 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (5Y 7/2 to 
8/1), product of poorly cemented, weathered oolitic limestone, fine- 
to medium-grained; Clay, trace, yellowish gray (5Y 8/1), soft, non 
plastic, chalky. 

WOB=10K 
RPM=19 

2560-2580 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, dark 
yellowish brown (10'YR 4/2), fine crystalline, little saccharoidal, 
with small (1-3 mm) intraclasts of calcareous material, hard, slightly 
vuggy; Limestone, 20%, yellowish gray (5Y 7/2), oolitic grainstone, 
poorly cemented, very soft, fine grained, sandy. 

WOB=10K 
RPM=19 

2580-2600 20 

DOLOSTONE AND LIMESTONE: Dolostone, 50%, dark 
yellowish brown (10YR 4/2), fine crystalline, little saccharoidal, 
with small (1-3 mm) intraclasts of calcareous material, hard, slightly 
vuggy; Limestone, 50%, yellowish gray (5Y 7/2), oolitic grainstone, 
poorly cemented, very soft, fine grained, sandy. 

WOB=10K 
RPM=19 

2600-2620 20 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, poorly-to moderately 
well- cemented, mostly very soft, disintegrating into calcareous 
sand; Dolostone, 10%, medium gray (N5) and dark yellowish brown 
(10YR 4/2), fine crystalline, hard; Phosphate, trace, black, fine 
grained. 

WOB=10K 
RPM=19 

2620-2630 10 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 7/2), oolitic grainstone, poorly-to moderately well- 
cemented, mostly very soft, disintegrating into calcareous sand; 
Dolostone, 40%, medium gray (N5) and dark yellowish brown 
(10YR 4/2), fine crystalline, hard; Phosphate, trace, black, fine 
grained 

WOB=10K 
RPM=19 

2630-2640 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), oolitic grainstone, poorly-to moderately 

WOB=10K 
RPM=19 

2640-2660 20 
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i ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

yellowish gray (5Y 7/2), mostly oolitic grainstone, poorly cemented, 
vety soft and sandy, fine grained, little packstone and 
microctystalline, yellowish gray (7/2 8/1), moderately well 
cemented, moderately hard, slightly vuggy; Dolostone, 30%, light 
gray (N7) to dark gray (N3), microctystalline, moderately hard. 

RPM=19 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone with trace of packstone, poorly cemented, vety soft, 
mostly disintegrating into calcareous sand, few larger fi'agments to 5 
mm; Clay, trace, yellowish gray (5Y 8/1), calcareous, challty, vety 
soft, non plastic. 

WOB=10K 
RPM=19 

2430-2530 100 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), mostly oolitic grainstone, poorly cemented, 
vety soft and sandy, fine grained, little packstone and 
microctystalline, yellowish gray (7/2 8/1), moderately well 
cemented, moderately hard, slightiy vuggy; Dolostone, 20%, light 
gray (N7), microcrystalline, moderately hard. 

WOB=10K 
RPM=19 

2530-2550 20 

LIMESTONE: Limestone, 100%, pale yellowish brown (lOYR 6/2), 
oolitic grainstone, trace of forams, poorly cemented, vety soft, 
mostly disintegrating into calcareous sand; Dolomitic sand, trace, 
grayish orange (lOYR 7/4). 

WOB=10K 
RPM=19 

2550-2560 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (5Y 7/2 to 
8/1), product of pooriy cemented, weatiiered oolitic limestone, fine-
to medium-grained; Clay, trace, yellowish gray (5Y 8/1), soft, non 
plastic, chalky. 

WOB=10K 
RPM=19 

2560-2580 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, dark 
yellowish brown (lOYR 4/2), fme ctystalline, little saccharoidal, 
with small (1-3 mm) intraclasts of calcareous material, hard, slightly 
vuggy; Limestone, 20%, yellowish gray (5Y 7/2), oolitic grainstone, 
poorly cemented, very soft, fine grained, sandy. 

WOB=10K 
RPM=19 

2580-2600 20 

DOLOSTONE AND LIMESTONE: Dolostone, 50%, dark 
yellowish brown (lOYR 4/2), fme ctystalline, littie saccharoidal, 
with small (1-3 mm) intraclasts of calcareous material, hard, slightly 
vuggy; Limestone, 50%, yellowish gray (5Y 7/2), oolitic grainstone, 
poorly cemented, very soft, fine grained, sandy. 

WOB=10K 
RPM=19 

2600-2620 20 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, pooriy-to modereitely 
well- cemented, mostly vety soft, disintegrating into calcareous 
sand; Dolostone, 10%, medium gray (N5) and dark yellowish brown 
(lOYR 4/2), fme ctystalline, hard; Phosphate, trace, black, fme 
grained. 

WOB=10K 
RPM=19 

2620-2630 10 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 7/2), oolitic grainstone, poorly-to moderately well-
cemented, mostly vety soft, disintegrating into calcareous sand; 
Dolostone, 40%, medium gray (N5) and dark yellowish brown 
(lOYR 4/2), fine ctystalline, hard; Phosphate, trace, black, fine 
grained 

WOB=l0K 
RPM=19 

2630-2640 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), oolitic grainstone, pooriy-to moderately 

WOB=10K 
RPM=19 

2640-2660 20 

OAARolBCBWVRWVF PROJECTStlS60aM(ay Laigo IW1\Fliiil CoiBHiicllon 1 Tasmg WtyoilGOaWlppendlcaaWEU. LOQ.doc Page: 
16/24 



ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IWI 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

well- cemented, mostly very soft , disintegrating into fine- and 
medium- grained calcareous sand; Dolostone, 20%, medium gray 
(N5) and dark yellowish brown (10YR 4/2), fine crystalline, hard; 
Phosphate, trace, black, fine grained 
LIMESTONE: Limestone, 100%, pale yellowish brown (10YR 6/2), 
oolitic grainstone, poorly cemented, very soft, mostly disintegrating 
into fine- to medium- grained calcareous sand; Dolomitic sand, 
trace, grayish orange (10YR 7/4), fine grained; Clay, trace, 
yellowish gray (5Y 7/2), calcareous, very soft, non plastic. 

WOB=10K 
RPM=19 

2660-2690 30 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, pale 
yellowish brown (10YR 6/2), packstone, fine gained, poorly-to 
moderately well- cemented, very soft to moderately hard, some in a 
form of calcareous sand; Dolostone, 10%, . 

WOB=10K 
RPM=19 

2690-2715 25 

DOLOSTONE AND VERY LITTLE LIMESTONE: Dolostone, 
95%, mostly moderate yellowish brown (10YR 5/4), some pale 
yellowish brown (10YR 6/2), fine crystalline, little microcrystalline, 
numerous small (1-2 mm) intraclasts of calcareous material, trace of 
fossils (coral fragments to 2 mm), moderately well cemented, 
moderately hard to hard, vuggy, little massive; Limestone, 5%, 
yellowish gray (5Y 7/2), packstone, moderately well cemented, 
moderately hard. 

WOB=10K 
RPM=19 

2715-2720 5 

LIMESTONE AND DOLOSTONE: Limestone, 50%, yellowish 
gray (5Y 7/2), oolitic grainstone, little microcrystalline, moderately 
well cemented, soft to moderately hard, some in a form of 
calcareous sand; Dolostone, 50%, moderate yellowish brown (10YR,  
5/4), fine crystalline, moderately hard, little soft and sandy, vuggy. 

WOB=10K 
RPM=19 

2720-2745 25 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, poorly cemented, very 
soft to soft, up to 50% in a form of calcareous sand; Dolostone, 
10%, medium gray (N5), fine crystalline, hard; Phosphate, trace, 
black, very fine gained 

WOB=10K 
RPM=19 

2745-2750 5 

LIMESTONE AND DOLOSTONE: Limestone, 50%, yellowish 
gray (5Y 7/2), oolitic grainstone, poorly-to moderately well- 
cemented, soft, mostly in a form of calcareous sand; Dolostone, 
50%, medium gay (N5), fme crystalline, hard; Phosphate, trace, 
black, very fine gained. _ 

WOB=10K 
RPM=19 

2750-2760 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), oolitic grainstone, poorly-to moderately 
well- cemented, soft, mostly in a form of calcareous sand; 
Dolostone, 20%, medium light gray (N6) and pale brown (5YR 5/2), 
fine crystalline, hard; Phosphate, trace, black, very fine grained. 

WOB=10K 
RPM=19 

2760-2820 60 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), micritic, well cemented, hard; Dolostone, 
30%, medium gray (N5), fine crystalline, hard; Phosphate, trace, 
black, very fme gained. 

WOB=10K 
RPM=19 

2820-2830 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (5Y 7/2 to 
8/1), product of poorly cemented, weathered oolitic limestone, fine- 
to medium-gained; Clay, trace, yellowish gray (5Y 8/1), soft, non 

WOB=10K 
RPM=19 

2830-2840 10 
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GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

well- cemented, mostly vety soft, disintegrating into fine- and 
medium- grained calcareous sand; Dolostone, 20%, medium gray 
(N5) and dark yellowish brown (lOYR 4/2), fine ctystalline, hard; 
Phosphate, trace, black, fine grained 
LIMESTONE: Limestone, 100%, pale yellowish brovm (lOYR 6/2), 
oolitic grainstone, poorly cemented, vety soft, mostly disintegrating 
into fme- to medium- grained calcareous sand; Dolomitic sand, 
trace, grayish orange (lOYR 7/4), fine grained; Clay, trace, 
yellowish gray (5Y 7/2), calcareous, very soft, non plastic. 

WOB=10K 
RPM=19 

2660-2690 30 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, pale 
yellowish brown (lOYR 6/2), packstone, fine grained, poorly-to 
moderately well- cemented, vety soft to moderately hard, some in a 
form of calcareous sand; Dolostone, 10%,. 

WOB=10K 
RPM=19 

2690-2715 25 

DOLOSTONE AND VERY LITTLE LIMESTONE: Dolostone, 
95%, mostly moderate yellowish brown (lOYR 5/4), some pale 
yellowish brown (lOYR 6/2), fine ctystalline, little microctystalline, 
numerous small (1-2 mm) intraclasts of calcareous material, trace of 
fossils (coral fiagments to 2 mm), moderately well cemented, 
moderately hard to hard, vuggy, little massive; Limestone, 5%, 
yellowish gray (5Y 7/2), packstone, moderately well cemented, 
moderately hard. 

WOB=10K 
RPM=19 

2715-2720 5 

LIMESTONE AND IX)LOSTONE: Limestone, 50%, yellowish 
gray (5Y 7/2), oolitic grainstone, little microctystalline, moderately 
well cemented, soft to moderately hard, some in a form of 
calcareous sand; Dolostone, 50%, moderate yellowish brown (lOYR 
5/4), fine crystalline, moderately hard, little soft and sandy, vu^y. 

WOB=10K 
RPM=19 

2720-2745 25 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, poorly cemented, vety 
soft to soft, up to 50% in a form of calcareous sand; Dolostone, 
10%, medium gray (N5), fine ctystalline, hard; Phosphate, trace, 
black, very fme grained 

WOB=10K 
RPM=19 

2745-2750 5 

LIMESTONE AND DOLOSTONE: Limestone, 50%, yellowish 
gray (5Y 7/2), oolitic grainstone, poorly-to moderately well-
cemented, soft, mostly in a form of calcareous sand; Dolostone, 
50%, medium gray (N5), fme ctystalline, hard; Phosphate, trace, 
black, very fme grained. 

WOB=10K 
RPM=19 

2750-2760 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), oolitic grainstone, poorly-to moderately 
well- cemented, soft, mostly in a form of calcareous sand; 
Dolostone, 20%, medium light gray (N6) and pale brown (SYR 5/2), 
fme crystalline, hard; Phosphate, trace, black, very fme grained. 

WOB=10K 
RPM=19 

2760-2820 60 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (SY 7/2), micritic, well cemented, hard; Dolostone, 
30%, medium gray (N5), fine ctystalline, hard; Phosphate, trace, 
black, very fine grained. 

WOB=10K 
RPM=19 

2820-2830 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (SY 7/2 to 
8/1), product of poor\y cemented, weathered oolitic limestone, fine-
to medium-grained; Clay, trace, yellowish gray (5Y 8/1), soft, non 

WOB=10K 
RPM=19 

2830-2840 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IWI 

DRILLING 
COMMENTS 

DEPTH 
INTERVAL 

THICKNESS 
LITHOLOGICAL DESCRIPTION 

plastic, chalky. 
LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), mostly 
oolitic grainstone, fme grained, some packstone, fme crystalline, 
poorly- to moderately well- cemented, very soft to moderately hard, 
mostly (up to 70%) in a form of calcareous sand, very few larger 
fragments to 5 mm; Clay, trace, yellowish gray (5Y 8/1), soft, non 
plastic, chalky. 

WOB=10K 
RPM=19 

2840-2900 60 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), mostly 
oolitic grainstone, fme grained, some packstone, fine crystalline, 
poorly cemented, very soft to soft, less competent than above, 
mostly in a form of calcareous sand, few larger fragments to 10 
mm; Clay, trace, yellowish gray (5Y 8/1), soft, non plastic, chalky. 

WOB=10K 
RPM=19 

2900-2910 10 

LIMESTONE AND VERY LITTLE DOLOSTONE: Limestone, 
95%, yellowish gray (5Y 8/1- 7/2), oolitic grainstone, fme grained, 
little packstone, fine crystalline, trace of phosphate, mostly poorly 
cemented and very soft in a form of calcareous sand; Dolostone, 
5%, very light gray (N8), to microcrystalline, hard, vuggy. 

WOB=10K 
RPM=19 

2910-2940 30 

DOLOSTONE AND SOME LIMESTONE; Dolostone, 70%, pale 
yellowish brown (10YR 6/2), some dusky yellowish brown (10YR 
2/2), with calcareous intraclasts, fine- to micro-crystalline, slightly 
phosphatic, hard, vuggy; Limestone, 30%, yellowish gray (5Y 7/2), 
packstone, little grainstone, fine grained, moderately well cemented, 
soft to moderately hard. 

WOB: 7-10K 
RPM: 20 

2940-2950 10 

DOLOSTONE: Dolostone, 100%; pale yellowish brown (10YR 
6/2), little dusky yellowish brown (10YR 2/2), with calcareous 
intraclasts, microcrystalline, hard to very hard, vuggy; Limestone, 
trace, yellowish gray (5Y 7/2), oolitic grainstone, soft, poorly 
cemented (some in a form of dolomitic sand). 

WOB: 7-10K 
RPM: 20 

2950-2970 20 

DOLOSTONE AND LIMESTONE; Dolostone, 50%, pale 
yellowish brown (10YR 6/2) and dusky yellowish brown (10YR 
2/2), with small calcareous intraclasts, fine- to microcrystalline, 
hard, vuggy; Limestone, 50%, yellowish gray (5Y 7/2), packstone 
and oolitic grainstone, trace of phosphate, fine grained, moderately 
well- to poorly- cemented, moderately hard to soft, some in a form 
of calcareous sand. 

WOB: 7-10K 
RPM: 20 

2970-2980 10 

DOLOSTONE AND VERY LITTLE LIMESTONE; Dolostone, 
95%, pale yellowish brown (10YR 6/2), some dark yellowish brown 
(10YR 4/2) with small calcareous intraclasts, fine- to micro-
crystalline, hard, vuggy; Limestone, 5%, yellowish gray (5Y 7/2), 
oolitic grainstone, some packstone, fine grained, poorly cemented, 
soft. 

WOB: 7-10K 
RPM: 20 

2980-2990 10 

LIMESTONE AND SOME DOLOSTONE; Limestone, 80%, 
yellowish gray (5Y 8/1), oolitic grainstone, some packstone, trace of 
forams and phosphate, 70% poorly cemented and very soft in a form 
of calcareous sand; Dolostone, 20%, light gray (N7) to medium dark 
gray (N4), fine crystalline, little pale yellowish brown (10YR 6/2), 
trace of phosphate, hard, vuggy. 

WOB: 7-10K 
RPM: 20 

2990-3030 40 

CALCAREOUS SAND; Sand, 100%, yellowish gray (5Y 7/2 to WOB: 7-10K 3030-3040 10 
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i ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

LTTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

plastic, challgr. 
LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2), mostly 
oolitic grainstone, fine grained, some packstone, fine Ctystalline, 
poorly- to moderately well- cemented, vety soft to moderately hard, 
mostly (up to 70%) in a form of calcareous sand, vety few larger 
fragments to 5 mm; Clay, trace, yellowish gray (SY 8/1), soft, non 
plastic, chalky. 

WOB=10K 
RPM=19 

2840-2900 60 

LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2), mostly 
oolitic grainstone, fine grained, some packstone, fine ctystalline, 
poorly cemented, vety soft to soft, less competent than above, 
mostiy in a form of calcareous sand, few larger fragments to 10 
mm; Clay, trace, yellowish gray (SY 8/1), soft, non plastic, chalky. 

WOB=10K 
RPM=19 

2900-2910 10 

LIMESTONE AND VERY LITTLE DOLOSTONE: Limestone, 
95%, yellowish gray (SY 8/1- 7/2), oolitic grainstone, fine grained, 
little packstone, fine ctystalline, trace of phosphate, mostly poorly 
cemented and vety soft in a form of calcareous sand; Dolostone, 
5%, very light gray (N8), to microcrystalline, hard, vuggy. 

WOB=10K 
RPM=19 

2910-2940 30 

DOLOSTONE AND SOME LIMESTONE; Dolostone, 70%, pale 
yellowish brown (lOYR 6/2), some dusky yellowish brown (lOYR 
2/2), with calcareous intraclasts, fine- to micro-ctystalline, slightly 
phosphatic, hard, vuggy; Limestone, 30%, yellowish gray (SY 7/2), 
packstone, little grainstone, fine grained, moderately well cemented, 
soft to moderately hard. 

WOB: 7-lOK 
RPM: 20 

2940-2950 10 

DOLOSTONE: Dolostone, 100%; pale yellowish brown (lOYR 
6/2), little dusky yellowish brown (lOYR 2/2), with calcareous 
intraclasts, microctystalline, hard to vety hard, vuggy; Limestone, 
trace, yellowish gray (SY 7/2), oolitic grainstone, soft, poorly 
cemented (some in a form of dolomitic sand). 

WOB: 7-lOK 
RPM: 20 

2950-2970 20 

DOLOSTONE AND LIMESTONE; Dolostone, 50%, pale 
yellowish brown (lOYR 6/2) and dusky yellowish brown (lOYR 
2/2), with small calcareous intraclasts, fine- to microctystalline, 
hard, vuggy; Limestone, 50%, yellowish gray (SY 7/2), packstone 
and oolitic grainstone, trace of phosphate, fine grained, moderately 
well- to poorly- cemented, moderately hard to soft, some in a form 
of calcareous sand. 

WOB: 7-lOK 
RPM: 20 

2970-2980 10 

DOLOSTONE AND VERY LITTLE LIMESTONE; Dolostone, 
95%, pale yellowish brown (lOYR 6/2), some dark yellowish brown 
(lOYR 4/2) with smeill calcareous intraclasts, fine- to micro
ctystalline, hard, vuggy; Limestone, 5%, yellowish gray (SY 7/2), 
oolitic grainstone, some packstone, fine grained, poorly cemented, 
soft. 

WOB: 7-1 OK 
RPM: 20 

2980-2990 10 

LIMESTONE AND SOME DOLOSTONE; Limestone, 80%, 
yellowish gray (SY 8/1), oolitic grainstone, some packstone, frace of 
forams and phosphate, 70% poorly cemented and vety soft in a form 
of calcareous sand; Dolostone, 20%, light gray (N7) to medium dark 
gray (N4), fine Ctystalline, little pale yellowish brown (lOYR 6/2), 
trace of phosphate, hard, vuggy. 

WOB: 7-lOK 
RPM: 20 

2990-3030 40 

CALCAREOUS SAND; Sand, 100%, yellowish gray (SY 7/2 to WOB: 7-1 OK 3030-3040 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IWl 

DRILLING DEPTH 
INTERVAL 

THICKNESS 
COMMENTS LITHOLOGICAL DESCRIPTION 

8/1), product of poorly cemented, weathered oolitic limestone, fine- 
to medium-grained, less than 10% of better consolidated fragments 
up to 5 mm. 

RPM: 20 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 8/1), oolitic grainstone, fine grained, some 
packstone, fine crystalline, trace of forams and phosphate, 50% 
poorly cemented and very soft in a form of calcareous sand; 
Dolostone, 10%, light gray (N7) and dusky yellowish brown (10YR 
6/2), with calcareous intraclasts, fine- to micro-crystalline, hard, 
vuggy. 

WOB: 7-10K 
RPM: 20 

3040-3060 20 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 8/1), oolitic 
grainstone, some packstone, trace of forams and phosphate, 80% 
poorly cemented and very soft in a form of calcareous sand; 
Dolostone, trace, light gray (N7) and medium dark gray (N4), 
microcrystalline, hard, vuggy. 

WOB: 7-10K 
RPM: 20 

3060-3070 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 8/1), oolitic grainstone, some packstone, trace of 
forams and phosphate, poorly- to moderately well cemented, 
moderately hard; Dolostone, 10%, light gray (N7) and dusky 
yellowish brown (10YR 6/2), with calcareous intraclasts, fine- to 
micro-crystalline, hard, vuggy. 

WOB: 7-10K 
RPM: 20 

3070-3080 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 8/1), oolitic grainstone and packstone, trace of 
forams and phosphate, 80% poorly cemented and very soft in a form 
of calcareous sand; Dolostone, 10%, light gray (N7) and dusky 
yellowish brown (10YR 6/2), with calcareous intraclasts, fine- to 
micro- crystalline, hard, vuggy. 

WOB: 7-10K 
RPM: 20  

3080-3100 20 

LIMESTONE: Limestone, 100%, mostly yellowish gray (5Y 8/1), 
microcrystalline, dolomitic, moderately well cemented, moderately 
hard, numerous fragments to 15 mm, up to 10% of yellowish gray 
(5Y 7/2) packstone, fine grained, poorly cemented, soft, vuggy, 
trace of forams and phosphate. 

WOB: 7-10K 
RPM: 20 

3100-3110 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (5Y 7/2 to 
8/1), product of poorly cemented, weathered oolitic limestone, fine- 
to medium-grained; Clay, trace, yellowish gray (5Y 8/1), soft, non 
plastic, chalky. 

WOB: 7-10K 
RPM: 20 

3110-3120 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2-8/1), 
oolitic grainstone, trace phosphate, little fine- to micro- crystalline, 
mostly poorly cemented and very soft, few larger fragments to 10 
mm, up to 70% in a form of calcareous sand ; Dolostone, trace, 
light gray (N7), microcrystalline, hard. 

WOB: 7-10K 
RPM: 20 

3120-3220 100 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 8/1), oolitic grainstone, trace of phosphate, 70% 
poorly cemented, very soft, mostly in a form of calcareous sand; 
Dolostone, 10%, light gray (N7) to medium gray (N5), 
microcrystalline, hard, vuggy. 

WOB: 10K 
RPM: 20 

3220-3230 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), mostly 
oolitic grainstone, fine grained, some packstone, fine crystalline, 

WOB: 7-10K 
RPM: 20 

3230-3240 10 
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i ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

8/1), product of poorly cemented, weathered oolitic limestone, fine-
to medium-grained, less than 10% of better consolidated fragments 
up to 5 mm. 

RPM: 20 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 8/1), oolitic grainstone, fme grained, some 
packstone, fme Ctystalline, trace of forams and phosphate, 50% 
poorly cemented and vety soft in a form of calcareous sand; 
Dolostone, 10%, light gray (N7) and dusky yellowish brown (lOYR 
6/2), with calcareous intraclasts, fme- to micro-ctystalline, hard, 
vuggy. 

WOB: 7-1 OK 
RPM: 20 

3040-3060 20 

LIMESTONE: Limestone, 100%, yellowish gray (SY 8/1), oolitic 
grainstone, some packstone, trace of forams and phosphate, 80% 
poorly cemented and very soft in a form of calcareous sand; 
Dolostone, trace, light gray (N7) and medium dark gray (N4), 
microcrystalline, hard, vuggy. 

WOB: 7-lOK 
RPM: 20 

3060-3070 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (SY 8/1), oolitic grainstone, some packstone, trace of 
forams and phosphate, poorly- to moderately well cemented, 
moderately hard; Dolostone, 10%, light gray (N7) and dusky 
yellowish brown (lOYR 6/2), with calcareous intraclasts, fine- to 
micro-crystalline, hard, vuggy. 

WOB: 7-lOK 
RPM: 20 

3070-3080 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (SY 8/1), oolitic grainstone and packstone, trace of 
forams and phosphate, 80% poorly cemented and vety soft in a form 
of calcareous sand; Dolostone, 10%, light gray (N7) and dusky 
yellowish brown (lOYR 6/2), with calcareous intraclasts, fine- to 
micro- crystalline, hard, vuggy. 

WOB: 7-lOK 
RPM: 20 

3080-3100 20 

LIMESTONE: Limestone, 100%, mostly yellowish gray (5Y 8/1), 
microctystalline, dolomitic, moderately well cemented, moderately 
hard, numerous fi'agments to 15 mm, up to 10% of yellowish gray 
(SY 7/2) packstone, fine grained, pooriy cemented, soft, vuggy, 
trace of forams and phosphate. 

WOB: 7-lOK 
RPM: 20 

3100-3110 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (SY 7/2 to 
8/1), product of poorly cemented, weathered oolitic limestone, fine-
to medium-grained; Clay, trace, yellowish gray (SY 8/1), soft, non 
plastic, chalky. 

WOB: 7-lOK 
RPM: 20 

3110-3120 10 

LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2-8/1), 
oolitic grainstone, trace phosphate, little fine- to micro- ctystalline, 
mostly poorly cemented and vety soft, few larger fragments to 10 
mm, up to 70% in a form of calcareous sand; Dolostone, trace, 
light gray (N7), microcrystalline, hard. 

WOB: 7-1 OK 
RPM: 20 

3120-3220 100 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 8/1), oolitic grainstone, trace of phosphate, 70% 
poorly cemented, vety soft, mostly in a form of calcareous sand; 
Dolostone, 10%, light gray (N7) to medium gray (N5), 
microcrystalline, hard, vuggy. 

WOB: lOK 
RPM: 20 

3220-3230 10 

LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2), mostly 
oolitic grainstone, fine grained, some packstone, fine crystalline. 

WOB: 7-1 OK 
RPM: 20 

3230-3240 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IW1 

DRILLING 
COMMENTS 

DEPTH 
INTERVAL 

THICKNESS 
LITHOLOGICAL DESCRIPTION,  

predominantly moderately well cemented, moderately hard, 
fragments to 15 mm. 
LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), mostly 
oolitic grainstone, fine grained, some packstone, poorly- to 
moderately well- cemented, very soft to moderately hard, few larger 
fragments to 10 mm, but mostly in a form of calcareous sand. 

WOB: 7-10K 
RPM: 20 

3240-3250 10 

LIMESTONE AND SOME DOLOSTONE; Limestone, 70%, 
yellowish gray (5Y 8/1), oolitic grainstone, some packstone, trace of 
phosphate, 30% poorly cemented, very soft, mostly in a form of 
calcareous sand; Dolostone, 30%, light gray (N7) to medium dark 
gray (N4), fine crystalline with calcareous intraclasts, some very 
vuggy 

WOB: 15K 
RPM: 20 

3250-3270 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, light 
gray (N7) to medium dark gray (N4), some moderate yellowish 
brown (10YR 5/4), trace of dusky yellowish brown (10YR 2/2), 
microcrystalline, very hard, slightly vuggy; Limestone, 30%, 
yellowish gray (5Y 7/2), oolitic grainstone, fine grained, poorly 
cemented, very soft, mostly in a form of sand, few, fragments to10 
mm, trace of white (N9), chalky limestone. 

WOB: 30K 
RPM: 20 

3270-3280 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, 
moderate yellowish brown (10YR 5/2), dark yellowish brown 
(10YR 4/2) and dusky yellowish brown (10YR 2/2), 
microcrystalline, hard, slightly vuggy; Limestone, 10%, yellowish 
gray (5Y 8/1), oolitic grainstone, some packstone, trace of 
phosphate, mostly poorly cemented, very soft, mostly in a form of 
calcareous sand. 

WOB: 30K 
RPM: 20 

3280-3290 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, 
moderate yellowish brown (10YR 5/4), trace of dusky yellowish 
brown (10YR 2/2), microcrystalline, very hard, slightly vuggy; 
Limestone, 20%, yellowish gray (5Y 7/2), oolitic grainstone, fine 
grained, poorly cemented, very soft, mostly in a form of sand, few 
fragments to10 mm. 

WOB: 30K 
RPM: 20 

3290-3300 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 8/1), mostly 
oolitic grainstone, slightly dolomitic, fine grained, little packstone, 
poorly- to moderately well- cemented, very soft to moderately hard, 
few larger fragments to 10 mm, but mostly (up to 60%) in a form of 
calcareous sand. 

WOB: 20K 
RPM: 20 

3300-3310 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), mostly 
oolitic grainstone, slightly dolomitic, fine grained, little (up to 10%) 
packstone, poorly- to moderately well- cemented, very soft to soft, 
few larger fragments to 15 mm, mostly in a form of calcareous sand. 

WOB: 20K 
RPM: 18 

3310-3350 40 

LIMESTONE AND SOME DOLOSTONE; Limestone, 80%, 
yellowish gray (5Y 8/1), oolitic grainstone, some packstone, trace of 
phosphate, 30% poorly cemented, very soft, in a form of calcareous 
sand; Dolostone, 20%, dark yellowish brown (10YR 4/2) and dusky 
yellowish brown (10YR 2/2), little medium gray (N5), 
microcrystalline, hard, slightly vuggy. 

WOB: 20K 
RPM: 18 

3350-3360 10 

DOLOSTONE: Dolostone, 100%, light olive gray (5Y 5/2) to olive WOB: 30K 3360-3370 10 
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ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

UTHOLOGICAL DESCRIPTION-
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

predominantly moderately well cemented, moderately hard, 
fragments to 15 mm. 
LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2), mostly 
oolitic grainstone, fine grained, some packstone, poorly- to 
moderately well- cemented, vety soft to moderately hard, few larger 
fragments to 10 mm, but mostly in a form of calcareous sand. 

WOB: 7-1 OK 
RPM: 20 

3240-3250 10 

LIMESTONE AND SOME DOLOSTONE; Limestone, 70%, 
yellowish gray (SY 8/1), oolitic grainstone, some packstone, trace of 
phosphate, 30% poorly cemented, vety soft, mostly in a form of 
calcareous sand; Dolostone, 30%, light gray (NT) to medium dark 
gray (N4), fine ctystalline with calcareous intraclasts, some vety 
vuggy. 

WOB: ISK 
RPM: 20 

3250-3270 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, light 
gray (N7) to medium dark gray (N4), some moderate yellowish 
brown (lOYR 5/4), trace of dusky yellowish brown (lOYR 2/2), 
microctystalline, vety hard, slightly vuggy; Limestone, 30%, 
yellowish gray (SY 7/2), oolitic grainstone, fine grained, poorly 
cemented, vety soft, mostly in a form of sand, few, fragments to 10 
mm, trace of white (N9), chalky limestone. 

WOB: 30K 
RPM: 20 

3270-3280 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, 
moderate yellowish brown (lOYR 5/2), dark yellowish brown 
(lOYR 4/2) and dusky yellowish brown (lOYR 2/2), 
microctystalline, hard, slightly vuggy; Limestone, 10%, yellowish 
gray (SY 8/1), oolitic grainstone, some packstone, trace of 
phosphate, mostly poorly cemented, vety soft, mostly in a form of 
calcareous sand. 

WOB: 30K 
RPM: 20 

3280-3290 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, 
moderate yellowish brown (lOYR 5/4), trace of dusky yellowish 
brown (lOYR 2/2), microctystalline, vety hard, slightiy vuggy; 
Limestone, 20%, yellowish gray (SY 7/2), oolitic grainstone, fine 
grained, poorly cemented, vety soft, mostly in a form of sand, few 
fragments to 10 mm. 

WOB: 30K 
RPM: 20 

3290-3300 10 

LIMESTONE: Limestone, 100%, yellowish gray (SY 8/1), mostly 
oolitic grainstone, slightly dolomitic, fine grained, little packstone, 
poorly- to moderately well- cemented, vety soft to moderately hard, 
few larger fi^gments to 10 mm, but mostly (up to 60%) in a form of 
calcareous sand. 

WOB: 20K 
RPM: 20 

3300-3310 10 

LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2), mostly 
oolitic grainstone, slightly dolomitic, fine grained, little (up to 10%) 
packstone, pooriy- to moderately well- cemented, vety soft to soft, 
few larger fragments to 15 mm, mostly in a form of calcareous sand. 

WOB: 20K 
RPM: 18 

3310-3350 40 

LIMESTONE AND SOME DOLOSTONE; Limestone, 80%, 
yellowish gray (SY 8/1), oolitic grainstone, some packstone, trace of 
phosphate, 30% poorly cemented, vety soft, in a form of calcareous 
sand; Dolostone, 20%, dark yellowish brown (lOYR 4/2) and dusky 
yellowish brown (lOYR 2/2), little medium gray (NS), 
microcrystalline, hard, slightly vuggy. 

WOB: 20K 
RPM: 18 

3350-3360 10 

DOLOSTONE: Dolostone, 100%, light olive gray (SY 5/2) to olive WOB: 30K 3360-3370 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IWI 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

gray (5Y 4/1), little dusky brown (5YR 2/2), fine crystalline, some 
saccharoidal, moderately hard to very hard, slightly vuggy; 
Limestone, trace, yellowish gray (5Y 7/2), oolitic grainstone, poorly 
cemented and very soft. 

RPM: 18 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 8/1), slightly dolomitic oolitic grainstone, poorly 
cemented, very soft to soft, up to 80% in a form of calcareous and 
dolomitic sand; Dolostone, 40%, dark yellowish brown (10YR 4/2), 
fine crystalline and saccharoidal, hard, slightly vuggy. 

WOB: 30K 
RPM: 18 

3370-3380 10 

DOLOSTONE: Dolostone, 100%, mostly dusky yellowish brown 
(5YR 2/2) to dark yellowish brown (10YR 4/2), little light gray 
(N7), fine- to micro- crystalline, little saccharoidal, hard to very 
hard, slightly vuggy; Limestone, trace, yellowish gray (5Y 7/2), 
oolitic grainstone, poorly cemented, soft. 

WOB: 29K 
RPM: 16 

3380-3390 10 

LIMESTONE AND SOME DOLOSTONE; Limestone, 80%, very 
light gray (N8) to light gray (N7), little yellowish gray (5Y 7/2), 
packstone, little grainstone, moderately well cemented, moderately 
hard; Dolostone, 20%, moderate yellowish brown (10YR 5/4), 
microcrystalline, hard. 

WOB: 30K 
RPM: 16 

3390-3400 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, 
moderate yellowish brown (10YR 5/4), dusky yellowish brown 
(10YR 2/2) and light gray (N7), microcrystalline, some 
saccharoidal, very hard, slightly vuggy; Limestone, 10%, yellowish 
gray (5Y 7/2), grainstone, fine grained, poorly cemented, very soft, 
mostly in a form of sand. 

WOB: 30K 
RPM: 16 

3400-3410 10 

DOLOSTONE: Dolostone, 100%, dusky yellowish brown (5YR 
2/2) to dark yellowish brown (10YR 4/2), fine crystalline, little 
microcrystalline, trace of vugs, very hard; Limestone, trace, 
yellowish gray (5Y 7/2), fine grained, poorly cemented, very soft, 
sandy. Reported cavities (voids) within this formation (top of 
boulder zone). 

WOB: 30K 
RPM: 18 
Several bit drops 
reported, bit 
bouncing and chatter 

3410-3430 20 

DOLOSTONE: Dolostone, 100%, mostly in darker shades of gray, 
from medium gray (N5) to medium dark gray (N4), microcrystalline 
to cryptocrystalline, little dark yellowish brown (10YR 4/2), fine 
crystalline to saccharoidal, very hard. Cavities (voids) encountered 
within this formation (boulder zone). 

WOB: 30K 
RPM: 18 
Several bit drops 
reported, bit 
bouncing and chatter 

3430-3450 20 

DOLOSTONE: Dolostone, 100%, medium gray (N5) to medium 
dark gray (N4), microcrystalline to cryptocrystalline and pale 
yellowish brown (10YR 6/2), fine crystalline, very hard. Apparent 
voids (cavities) reported (boulder zone). 

WOB: 30K 
RPM: 18 
Few bit drops 
reported, bit 
bouncing and chatter 

3450-3460 10 

DOLOSTONE: Dolostone, 100%, medium light gray (N6) to dark 
gray (N3), fine- to micro-crystalline and moderate yellowish brown 
(10YR 5/4), fine crystalline, hard to very hard, some saccharoidal, 
poorly cemented, very vuggy and disintegrating into dolomitic sand. 
Limestone, trace, yellowish gray (5Y 7/2), fine grained, poorly 
cemented, very soft, sandy. 

WOB: 30K 
RPM: 22 
Some bit chatter and 

bouncing 

3460-3480 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, WOB: 20-30K 3480-3510 30 
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GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

gray (SY 4/1), little dusky brown (SYR 2/2), fine ctystalline, some 
saccharoidal, moderately hard to vety hard, slightly vuggy; 
Limestone, trace, yellowish gray (SY 7/2), oolitic grainstone, poorly 
cemented and very soft. 

RPM: 18 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (SY 8/1), slightly dolomitic oolitic grainstone, poorly 
cemented, vety soft to soft, up to 80% in a form of calcareous and 
dolomitic sand; Dolostone, 40%, dark yellowish brown (lOYR 4/2), 
fme crystalline and saccharoidal, hard, slightly vuggy. 

WOB: 30K 
RPM: 18 

3370-3380 10 

DOLOSTONE: Dolostone, 100%, mostly dusky yellowish brown 
(SYR 2/2) to dark yellowish brown (lOYR 4/2), little light gray 
(N7), fine- to micro- ctystalline, little saccharoidal, hard to vety 
hard, slightiy vuggy; Limestone, trace, yellowish gray (SY 7/2), 
oolitic grainstone, poorly cemented, soft. 

WOB: 29K 
RPM: 16 

3380-3390 10 

LIMESTONE AND SOME DOLOSTONE; Limestone, 80%, vety 
light gray (N8) to light gray (NT), little yellowish gray (SY 7/2), 
packstone, little grainstone, moderately well cemented, moderately 
hard; Dolostone, 20%, moderate yellowish brown (lOYR 5/4), 
microcrystalline, hard. 

WOB: 30K 
RPM: 16 

3390-3400 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, 
moderate yellowish brown (lOYR 5/4), dusky yellowish brown 
(lOYR 2/2) and light gray (N7), microctystalline, some 
saccharoidal, vety hard, slightly vuggy; Limestone, 10%, yellowish 
gray (SY 7/2), grainstone, fine grained, poorly cemented, vety soft, 
mostly in a form of sand. 

WOB: 30K 
RPM: 16 

3400-3410 10 

DOLOSTONE: Dolostone, 100%, dusky yellowish brown (SYR 
2/2) to dark yellowish brown (lOYR 4/2), fme Ctystalline, little 
microctystalline, trace of vugs, vety hard; Limestone, trace, 
yellowish gray (SY 7/2), fine grained, poorly cemented, vety soft, 
sandy. Reported cavities (voids) within this formation (top of 
boulder zone). 

WOB: 30K 
RPM: 18 
Several bit drops 
reported, bit 
bouncing and chatter 

3410-3430 20 

DOLOSTONE: Dolostone, 100%, mostly in darker shades of gray, 
from medium gray (NS) to medium dark gray (N4), microctystalline 
to cryptoctystalline, little dark yellowish brown (lOYR 4/2), fine 
Ctystalline to saccharoidal, vety hard. Cavities (voids) encountered 
within this formation (boulder zone). 

WOB: 30K 
RPM: 18 
Several bit drops 
reported, bit 
bouncing and chatter 

3430-3450 20 

DOLOSTONE: Dolostone, 100%, medium gray (NS) to medium 
dark gray (N4), microctystalline to ciyptoctystalline and pale 
yellowish brown (lOYR 6/2), fme ctystalline, vety hard. Apparent 
voids (cavities) reported (boulder zone). 

WOB: 30K 
RPM: 18 
Few bit drops 
reported, bit 
bouncing and chatter 

3450-3460 10 

DOLOSTONE: Dolostone, 100%, medium light gray (N6) to dark 
gray (N3), fine- to micro-ctystalline and moderate yellowish brown 
(lOYR 5/4), fme ctystalline, hard to vety hard, some saccharoidiil, 
poorly cemented, vety vuggy and disintegrating into dolomitic sand. 
Limestone, trace, yellowish gray (SY 7/2), fine grained, poorly 
cemented, very soft, sandy. 

WOB: 30K 
RPM: 22 
Some bit chatter and 
bouncing 

3460-3480 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, WOB: 20-30K 3480-3510 30 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IW1 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

medium light gray (N6) to dark gray (N3), fine- to micro-crystalline, 
little moderate yellowish brown (10YR 5/4), fine crystalline, hard to 
very hard; Limestone, 30%, predominantly light gray (N7) to very 
light gray (N8), fine crystalline, up to 20% yellowish gray (5Y 7/2) 
packstone with occasionally frequent fossils (coral fragments, 
forams), moderately well cemented, moderately hard to soft, vuggy. 

RPM: 22 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, dark 
yellowish brown (10YR 4/4), little dusky yellowish brown (10YR 
2/2), microcrystalline, very hard, slightly vuggy, brittle; Limestone, 
30%, yellowish gray (5Y 7/2), mostly oolitic grainstone, some 
packstone, fme grained, poorly cemented, very soft, mostly in a 
form of sand. 

WOB: 20K 
RPM: 22 

3510-3520 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, 
medium dark gray (N4), little dark gray (N3) or medium light gray 
(N6), microcrystalline with some 1-4 mm calcareous intraclasts, 
very hard; Limestone, 10%, yellowish gray (5Y 7/2), dolomitic 
packstone, fine crystalline, moderately hard. 

WOB: 30-35K 
RPM: 22 

3520-3530 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), 
yellowish gray (5Y 7/2), dolomitic packstone, slightly phosphatic, 
fme crystalline, moderately hard; Dolostone, trace, medium dark 
gray (N4), little medium light gray (N6), microcrystalline with some 
1-4 mm calcareous intraclasts, very hard. 

WOB: 20K 
RPM: 22 

3530-3540 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), slightly dolomitic packstone, very fine- to 
fine- crystalline, trace of phosphate, moderately hard; Dolostone, 
10%, medium dark gray (N4), little moderate yellowish brown 
(10YR 5/4), microcrystalline, hard. 

WOB: 20K 
RPM: 22 

3540-3560 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, dark 
gray (N3), fine crystalline, vuggy to porous, hard; Limestone, 20%, 
yellowish gray (5Y 7/2), dolomitic packstone, fine crystalline, trace 
of phosphate, moderately well cemented, moderately hard. 

WOB: 30K 
RPM: 22 

3560-3570 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), 
yellowish gray (5Y 7/2), dolomitic packstone, slightly phosphatic, 
fme crystalline, moderately hard; Dolostone, trace, medium dark 
gray (N4), little medium light gray (N6), microcrystalline, hard. 

WOB: 20K 
RPM: 22 

3570-3580 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, light 
gray (N7) to medium light gray (N6), fine- to micro- crystalline, 
with numerous calcareous intraclasts 2-3 mm, moderately hard; 
Limestone, 30%, yellowish gray (5Y 7/2), dolomitic packstone, fme 
crystalline, trace of phosphate, moderately well cemented,  
moderately hard. 

WOB: 30K 
RPM: 22 

3580-3590 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), slightly dolomitic packstone, fine 
crystalline, moderately hard; Dolostone, 10%, light gray (N7) to 
medium light gray (N6), fine- to micro- crystalline, with numerous 
calcareous intraclasts 2-3 mm, moderately hard to hard. 

WOB: 20K 
RPM: 22 

3590-3600 10 

DOLOSTONE AND LIMESTONE: Dolostone, 50%, dark gray 
(N3), fine crystalline, vuggy to porous, hard; Limestone, 50%, 

WOB: 30K 
RPM: 22 

3600-3610 10 
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ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

medium light gray (N6) to dark gray (N3), fine- to micro-ctystalline, 
little moderate yellowish brown (lOYR 5/4), fine ctystalline, hard to 
vety hard; Limestone, 30%, predominantly light gray (N7) to vety 
light gray (N8), fine ctystalline, up to 20% yellowish gray (SY 7/2) 
packstone with occasionally fi«quent fossils (coral fragments, 
forams), moderately well cemented, moderately hard to soft, vuggy. 

RPM: 22 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, dark 
yellowish brown (lOYR 4/4), little duslty yellowish brown (lOYR 
2/2), microctystalline, vety hard, slightly vuggy, brittle; Limestone, 
30%, yellowish gray (SY 7/2), mostiy oolitic grainstone, some 
packstone, fine grained, poorly cemented, vety soft, mostly in a 
form of sand. 

WOB: 20K 
RPM: 22 

3510-3520 10 

DOLOSTONE AND LITTLE LIMESTONE: Dolostone, 90%, 
medium dark gray (N4), little dark gray (N3) or medium light gray 
(N6), microctystalline with some 1-4 mm calcareous intraclasts, 
vety hard; Limestone, 10%, yellowish gray (SY 7/2), dolomitic 
packstone, fine crystalline, moderately hard. 

WOB: 30-3SK 
RPM: 22 

3520-3530 10 

LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2), 
yellowish gray (SY 7/2), dolomitic packstone, slightly phosphatic, 
fme Ctystalline, moderately hard; Dolostone, trace, medium dark 
gray (N4), little medium light gray (N6), microctystalline with some 
1-4 mm calcareous intraclasts, very hard. 

WOB: 20K 
RPM: 22 

3530-3540 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (SY 7/2), slightly dolomitic packstone, vety fine- to 
fme- Ctystalline, trace of phosphate, moderately hard; Dolostone, 
10%, medium dark gray (N4), little moderate yellowish brown 
(lOYR 5/4), microcrystalline, hard. 

WOB: 20K 
RPM: 22 

3540-3560 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, dark 
gray (N3), fine ctystalline, vuggy to porous, hard; Limestone, 20%, 
yellowish gray (SY 7/2), dolomitic packstone, fine ctystalline, trace 
of phosphate, moderately well cemented, moderately hard. 

WOB: 30K 
RPM: 22 

3560-3570 10 

LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2), 
yellowish gray (5Y 7/2), dolomitic packstone, slightly phosphatic, 
fine Ctystalline, moderately hard; Dolostone, trace, medium dark 
gray (N4), little medium light gray (N6), microcrystalline, hard. 

WOB: 20K 
RPM: 22 

3570-3580 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 70%, light 
gray (N7) to medium light gray (N6), fine- to micro- ctystalline, 
with numerous calcareous intraclasts 2-3 mm, moderately hard; 
Limestone, 30%, yellowish gray (SY 7/2), dolomitic packstone, fine 
Ctystalline, trace of phosphate, moderately well cemented, 
moderately hard. 

WOB: 30K 
RPM: 22 

3580-3590 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (SY 7/2), slightly dolomitic packstone, fine 
Ctystalline, moderately hard; Dolostone, 10%, light gray (N7) to 
medium light gray (N6), fine- to micro- ctystalline, with numerous 
calcareous intraclasts 2-3 mm, moderately hard to hard. 

WOB: 20K 
RPM: 22 

3590-3600 10 

DOLOSTONE AND LIMESTONE: Dolostone, 50%, dark gray 
(N3), fine crystalline, vuggy to porous, hard; Limestone, 50%, 

WOB: 30K 
RPM: 22 

3600-3610 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IWl 

DRILLING DEPTH 
INTERVAL 

THICKNESS 
COMMENTS LITHOLOGICAL DESCRIPTION 

yellowish gray (5Y 7/2), dolomitic packstone, fine crystalline, trace 
of phosphate, moderately well cemented, moderately hard. 
LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 7/2), dolomitic packstone, very fine crystalline, little 
grainstone, trace of fossils (shells to 2 mm), poorly cemented, soft; 
Dolostone, 40%, light gray (N7) to dark gray (N3), microcrystalline, 
hard. 

WOB: 30K 
RPM: 22 

3610-3620 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), yellowish gray (5Y 7/2), dolomitic 
packstone, trace of phosphate, fine crystalline, moderately well 
cemented, moderately hard; Dolostone, 30%, medium dark gray 
(N4) to medium light gray (N6), micro- to fine- crystalline, slightly 
vuggy with few small calcareous intraclasts <1 mm, hard. 

WOB: 20K 
RPM: 21 

3620-3630 10 

DOLOSTONE AND LIMESTONE: Dolostone, 60%, medium dark 
gray (N4), little moderate yellowish brown (10YR 5/4), 
microcrystalline, hard; Limestone, 40%, yellowish gray (5Y 7/2), 
packstone, fme crystalline, poorly cemented, soft. 

WOB: 20K 
RPM: 21 

3630-3640 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (5Y 7/2), yellowish gray (5Y 7/2), dolomitic 
packstone, trace of phosphate, fine crystalline, moderately well 
cemented, moderately hard; Dolostone, 20%, medium dark gray 
(N4), little moderate yellowish brown (10YR 5/4), fine crystalline, 
few small calcareous intraclasts <1 mm, hard. 

WOB: 20K 
RPM: 21 

3640-3650 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), yellowish gray (5Y 7/2), dolomitic 
packstone, fine crystalline, moderately well cemented, moderately 
hard; Dolostone, 30%, (N6), moderate yellowish brown (10YR 5/4), 
to dark yellowish brown (10YR 4/2), micro- to fine- crystalline, 
slightly vuggy with few small calcareous intraclasts <1 mm, hard. 

WOB: 20K 
RPM: 21 

3650-3660 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, 
medium dark gray (N4) to medium light gray, little moderate 
yellowish brown (10YR 5/4), fine- to micro- crystalline, hard; 
Limestone, 40%, yellowish gray (5Y 7/2), packstone, fme 
crystalline, moderately well cemented, moderately hard; Bituminous 
shale, trace, black, very fine grained, moderately well cemented, 
moderately hard, brittle. 

WOB: 25K 
RPM: 22 

3660-3670 10 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 7/2), dolomitic packstone, very fine crystalline, moderately 
well cemented, moderately hard; Dolostone, 40%, light gray (N7) to 
dark gray (N3), microcrystalline, hard; Chalk, trace, very pale 
orange (10YR 8/2 to white (N9), cryptocrystalline, silky, few thin 
(<1 mm) black irregular veins, moderately hard. 

WOB: 20K 
RPM: 22 

3670-3680 10 

DOLOSTONE, SOME LIMESTONE AND LITTLE CHALK: 
Dolostone, 60%, grayish black (N2) to medium light gray (N6), 
fine- to micro- crystalline, slightly vuggy, hard; Limestone, 30%, 
yellowish gray (5Y 7/2-8/1), fine crystalline, trace of phosphate, 
hard; Chalk, 10%, very pale orange (10YR 8/2 to white (N9), 
cryptocrystalline, silky, moderately hard. 

WOB: 20K 
RPM: 22 

3680-3693 13 
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hid ARCADIS GEOLOGIC LOG 

Key Largo WTD Injection WeU System 
Injection WeU IWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

yellowish gray (SY 7/2), dolomitic packstone, fine ctystalline, trace 
of phosph^e, moderately well cemented, moderately hard. 
LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (SY 7/2), dolomitic packstone, vety fine ctystalline, little 
grainstone, trace of fossils (shells to 2 mm), poorly cemented, soft; 
Dolostone, 40%, light gray (N7) to dark gray (N3), microctystalline, 
hard. 

WOB: 30K 
RPM: 22 

3610-3620 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (SY 7/2), yellowish gray (SY 7/2), dolomitic 
packstone, trace of phosphate, fine ctystalline, moderately well 
cemented, moderately hard; Dolostone, 30%, medium dark gray 
(N4) to medium light gray (N6), micro- to fine- ctystalline, slightly 
vuggy with few small calcareous intraclasts <1 mm, hard. 

WOB: 20K 
RPM: 21 

3620-3630 10 

DOLOSTONE AND LIMESTONE: Dolostone, 60%, medium dark 
gray (N4), little moderate yellowish brown (lOYR 5/4), 
microctystalline, hard; Limestone, 40%, yellowish gray (SY 7/2), 
packstone, fine crystalline, poorly cemented, soft. 

WOB: 20K 
RPM: 21 

3630-3640 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 80%, 
yellowish gray (SY 7/2), yellowish gray (SY 7/2), dolomitic 
packstone, trace of phosphate, fine ctystalline, moderately well 
cemented, moderately hard; Dolostone, 20%, medium dark gray 
(N4), little moderate yellowish brown (lOYR 5/4), fine ctystalline, 
few small calcareous intraclasts <1 mm, hard. 

WOB: 20K 
RPM: 21 

3640-3650 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (SY 7/2), yellowish gray (5Y 7/2), dolomitic 
packstone, fine ctystalline, moderately well cemented, moderately 
hard; Dolostone, 30%, (N6), moderate yellowish brown (lOYR 5/4), 
to dark yellowish brown (lOYR 4/2), micro- to fine- ctystalline, 
slightly vuggy with few small calcareous intraclasts <1 mm, hard. 

WOB: 20K 
RPM: 21 

3650-3660 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, 
medium dark gray (N4) to medium light gray, little moderate 
yellowish brown (lOYR 5/4), fine- to micro- ctystalline, hard; 
Limestone, 40%, yellowish gray (SY 7/2), packstone, fine 
Ctystalline, moderately well cemented, moderately hard; Bituminous 
shale, trace, black, vety fine grained, moderately well cemented, 
moderately hard, brittle. 

WOB: 25K 
RPM: 22 

3660-36T0 10 

LIMESTONE AND DOLOSTONE: Limestone, 60%, yellowish 
gray (5Y 7/2), dolomitic packstone, vety fine ctystalline, moderately 
well cemented, moderately hard; Dolostone, 40%, light gray (NT) to 
dark gray (N3), microctystalline, hard; Chalk, trace, vety pale 
orange (lOYR 8/2 to white (N9), cryptoctystalline, siUty, few thin 
(<1 mm) black inegular veins, moderately hard. 

WOB: 20K 
RPM: 22 

3670-3680 10 

DOLOSTONE, SOME LIMESTONE AND LITTLE CHALK: 
Dolostone, 60%, grayish black (N2) to medium light gray (N6), 
fme- to micro- ctystalline, slightly vuggy, hard; Limestone, 30%, 
yellowish gray (SY T/2-8/1), fine ctystalline, trace of phosphate, 
hard; Chalk, 10%, vety pale orange (lOYR 8/2 to white (N9), 
cryptocrystalline, silky, moderately hard. 

WOB: 20K 
RPM: 22 

3680-3693 13 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Injection Well IWl 
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GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Injection WeU IWI 
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ARCAD1S 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW1 

DRILLING THICKNESS DEPTH 
INTERVAL COMMENTS LITHOLOGICAL DESCRIPTION 

Fill: sand and limerock. 0-2 2.0 
SAND, LIMESTONE AND LITTLE ORGANIC MATTER: Sand 
50%, yellowish gray (5Y 8/1), calcareous, fine to medium grained, 
angular to sub-rounded; Limestone, 40%, yellowish gray (5Y 8/1), 
some light gray (N5), hard, fragments to 2-inches; Organic matter, 
10%, brownish black (5YR 2/1), decomposed, some fragments of 
plants. 

2-3 1.0 

SAND AND LIMESTONE: Sand, 50%, moderate yellowish brown 
(10YR 5/4), calcareous, fine- to medium- grained, angular to sub- 
rounded; Limestone, 50%, yellowish gray (5Y 8/1), some light gray 
(N5), hard, fragments to 1-inch. 

3-5 2.0 

SAND, LIMESTONE AND LITTLE CLAY (MARL): Sand, 50%, 
very light gray (N6), calcareous, very fine- to medium- grained, sub- 
rounded; Limestone, 40%, yellowish gray (5Y 8/1), fossils 
fragments (shells), moderately hard, moderately well cemented; 
Clay, 10%, yellowish gray (5Y 8/1), calcareous (marl), soft, non-
plastic, moist to wet. 

WOB=29-31K 
RPM=7-9 5-15 10.0 

SAND, SOME LIMESTONE AND LITTLE SANDSTONE: Sand, 
50%, clear, quartz, up to 30% white (N9), calcareous, very 
phosphatic, very fine- to medium- grained, sub-rounded; Limestone, 
40%, white (N9), fossiliferous grainstone with occasional shell 
intraclasts, phosphatic, poorly cemented, soft to very soft, few larger 
fragments to 5 mm; Sandstone, 10%, very light gray (N8) and clear, 
quartz with calcareous matrix, phosphatic, fine grained, poorly 
cemented, soft; Shell, trace, very pale orange (10YR 8/2), fragments 
3-5 nun. 

WOB=29-31K 
RPM=7-9 

15-30 15.0 

LIMESTONE, SOME SHELL AND SAND: Limestone, 60%, 
white (N9), little yellowish gray (5Y 8/1), grainstone, fossiliferous, 
with shell intraclasts (mollusks, corals), slightly phosphatic, poorly-
to moderately well- cemented, soft to moderately hard, vuggy; Shell, 
20%, white (N9) to medium gray (N5), numerous fragments 3-10 
mm, mollusks; Sand, 20%, white (N9) to very light gray (N8), 
calcareous, very fine- to medium- grained, sub-angular; Phosphate, 
trace, black, very fine grains. 

WOB=29-31K 
RPM=7-9 

30-50 20 

LIMESTONE AND LITTLE SAND: Limestone, 90%, white (N9), 
very pale orange (10YR 8/2) and little yellowish gray (5Y 8/1), 
boundstone, bioclast with numerous corals and shell fragments, 
slightly phosphatic, moderately well- to well- cemented, moderately 
hard to hard, vuggy; Sand, 10%, white (N9) to very light gray (N8), 
calcareous, very fine- to medium- grained, sub-angular; Phosphate, 
trace, black, very fine grains. 

WOB=29-31K 
RPM=7-9 

50-60 10 

LIMESTONE AND LITTLE SAND: Limestone, 90%, very light 
gray (N8) to white (N9), oolitic grainstone, trace of fossils ( 1-2 mm 
shell intraclasts), slightly phosphatic, moderately well- to poorly-
cemented, soft to moderately hard , vuggy; Sand, 10%, yellowish 
gray (5Y 7/2 to 8/1), calcareous, trace quartz, clear, very fine- to 
medium-grained, sub-angular to sub-rounded. 

WOB=29-31K 
RPM=7-9 

60-70 10 
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GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

Fill: sand and limerock. 0-2 2.0 
SAND, LIMESTONE AND LFTTLE ORGANIC MATTER: Sand 
50%, yellowish gray (SY 8/1), calcareous, fine to medium grained, 
angular to sub-rounded; Limestone, 40%, yellowish gray (SY 8/1), 
some light gray (N5), hard, fiagments to 2-inches; Organic matter, 
10%, brownish black (SYR 2/1), decomposed, some fragments of 
plants. 

2-3 1.0 

SAND AND LIMESTONE: Sand, 50%, moderate yellowish brown 
(lOYR 5/4), calcareous, fine- to medium- grained, angular to sub-
rounded; Limestone, 50%, yellowish gray (SY 8/1), some light gray 
(N5), hard, fragments to 1-inch. 

3-5 2.0 

SAND, LIMESTONE AND LITTLE CLAY (MARL): Sand, 50%, 
vety light gray (N6), calcareous, vety fine- to medium- grained, sub-
rounded; Limestone, 40%, yellowish gray (SY 8/1), fossils 
fiagments (shells), moderately hard, moderately well cemented; 
Clay, 10%, yellowish gray (SY 8/1), calcareous (marl), soft, non-
plastic, moist to wet. 

WOB=29-31K 
RPM=7-9 5-15 10.0 

SAND, SOME LIMESTONE AND LITTLE SANDSTONE: Sand, 
50%, clear, quartz, up to 30% white (N9), calcareous, vety 
phosphatic, vety fine- to medium- grained, sub-rounded; Limestone, 
40%, white (N9), fossiliferous grainstone with occasional shell 
intraclasts, phosphatic, p>oorly cemented, soft to vety soft, few larger 
fiagments to 5 mm; Sandstone, 10%, vety light gray (N8) and clear, 
quartz with calcareous matrix, phosphatic, fine grained, poorly 
cemented, soft; Shell, trace, vety pale orange (lOYR 8/2), fi'agments 
3-S mm. 

WOB=29-3lK 
RPM=7-9 

15-30 15.0 

LIMESTONE, SOME SHELL AND SAND: Limestone, 60%, 
white (N9), little yellowish gray (SY 8/1), grainstone, fossiliferous, 
with shell intraclasts (mollusks, corals), slightly phosphatic, poorly-
to moderately well- cemented, soft to moderately hard, vuggy; Shell, 
20%, white (N9) to medium gray (NS), numerous fi'agments 3-10 
mm, mollusks; Sand, 20%, white (N9) to vety light gray (N8), 
calcareous, vety fine- to medium- grained, sub-angular; Phosphate, 
trace, black, very fine grains. 

WOB=29-31K 
RPM=7-9 

30-50 20 

LIMESTONE AND LITTLE SAND: Limestone, 90%, white (N9), 
vety pale orange (lOYR 8/2) and little yellowish gray (SY 8/1), 
boundstone, bioclast with numerous corals and shell fragments, 
slightly phosphatic, moderately well- to well- cemented, moderately 
hard to hard, vuggy; Sand, 10%, white (N9) to vety light gray (N8), 
calcareous, vety fine- to medium- grained, sub-angular; Phosphate, 
trace, black, very fme grains. 

WOB=29-31K 
RPM=7-9 

50-60 10 

LIMESTONE AND LITTLE SAND: Limestone, 90%, vety light 
gray (N8) to white (N9), oolitic grainstone, trace of fossils (1-2 mm 
shell intraclasts), slightly phosphatic, moderately well- to poorly-
cemented, soft to moderately hard, vuggy; Sand, 10%, yellowish 
gray (SY 7/2 to 8/1), calcareous, trace quartz, clear, vety fine- to 
medium-grained, sub-angular to sub-rounded. 

WOB=29-31K 
RPM=7-9 

60-70 10 
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ARCAD1S 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW1 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

LIMESTONE AND SOME SAND: Limestone, 70%, yellowish 
gray (5Y 8/1) to white (N9), oolitic grainstone, trace of fossils (1-2 
mm shell intraclasts), slightly phosphatic, moderately well- to 
poorly- cemented, moderately hard , vuggy; Sand, 30%, yellowish 
gray (5Y 7/2 to 8/1), calcareous, trace quartz, clear, very fine- to 
medium-grained, sub-angular to sub-rounded 

WOB=7K 
RPM=11 

70-90 20 

SAND AND LITTLE LIMESTONE: Sand, 90%, yellowish gray 
(5Y 7/2 to 8/1), calcareous, little quartz, clear, very fine- to medium- 
grained, sub-angular to sub-rounded; Limestone, 10%, yellowish 
gray (5Y 8/1), oolitic grainstone, phosphatic, trace of fossils, poorly 
cemented, very soft; Clay, trace, white (N9), calcareous, very soft, 
non plastic. 

WOB=7K 
RPM=11 

90-110 20 

SAND AND LITTLE LIMESTONE: Sand, 90%, mostly quartz, 
clear, some calcareous, yellowish gray (5Y 8/1), very phosphatic, 
slightly silty, very fine- to medium- grained, rounded to sub-angular; 
Limestone, 10%, yellowish gray (5Y 8/1), oolitic grainstone, 
phosphatic, trace of fossils, poorly cemented, very soft; Shell, trace, 
very pale orange (10Y 8/2), tests to 3 mm. 

WOB=7K 
RPM=11 

110-120 10 

SAND: Sand, 100%, clear, quartz, little calcareous, phosphatic, very 
fme grained, sub-rounded; Limestone, trace, white (N9), poorly 
cemented, soft, fragments up to 5 mm; Shell, trace, very pale orange 
(10Y 8/2), tests to 6 mm. 

WOB=7K 
RPM=11 

120-140 20 

SAND AND SOME SANDSTONE: Sand, 70%, clear, quartz, 
phosphatic, very silty, very fine grained, rounded to sub-rounded, 
well sorted; Sandstone, 30%, light gray (N7), quartz, fme grained, 
poorly- to moderately well- cemented; Shell, trace, very pale orange 
(10Y 8/2), tests to 5 mm. 

WOB=7K 
RPM=12 

140-160 20 

SAND: Sand, 100%, clear, quartz, phosphatic, trace calcareous, 
very silty, very fine grained, rounded to sub-rounded, well sorted. 

WOB=13-19K 
RPM=12 

160-224 64 

LIMESTONE: SANDSTONE, SOME SAND AND SHELL: 
Limestone, 30%, very light gray (N8) to medium dark gray (N4), 
slightly fossiliferous mudstone, with quartz grains and few shell 
intraclasts, moderately well cemented, moderately hard; Sandstone, 
30%, light gray (N7), quartz grains in mostly calcareous matrix, 
phosphatic, with shell intraclasts, very fine grained, poorly- to 
moderately well- cemented, soft to moderately hard; Sand, 20%, 
clear, quartz, very phosphatic, trace calcareous, silty, very fine 
grained, rounded to sub-rounded; Fossils, 20%, shell fragments, 
few whole shells (up to 1-inch), bivalves, occasional coral 
fragments. 

WOB=11K 
RPM=12 

224-228 4 

SANDY CLAY: Clay, 60%, pale olive (10Y 6/2), silty, slightly 
phosphatic, soft, non-plastic, slightly cohesive; Sand, 40%, quartz, 
clear, trace calcareous, very fine grained, sub-rounded to sub-
angular; Siltstone, trace, olive dark (5Y 2/1), moderately hard, 
brittle; Shell, trace, light yellowish gray (5Y 8/2), fragments 1-2mm. 

WOB=6-7K 
RPM=21 

228-250 22 
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i ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

LIMESTONE AND SOME SAND: Limestone, 70%, yellowish 
gray (SY 8/1) to white (N9), oolitic grainstone, trace of fossils (1-2 
mm shell intraclasts), slightly phosphatic, moderately well- to 
poorly- cemented, moderately hard, vuggy; Sand, 30%, yellowish 
gray (SY 7/2 to 8/1), calcareous, trace quartz, clear, vety fine- to 
medium-grained, sub-angular to sub-rounded 

W0B=7K 
RPM=11 

70-90 20 

SAND AND LITTLE LIMESTONE: Sand, 90%, yellowish gray 
(SY 7/2 to 8/1), calcareous, littie quartz, clear, vety fine- to medium-
grained, sub-angular to sub-rounded; Limestone, 10%, yellowish 
gray (SY 8/1), oolitic grainstone, phosphatic, trace of fossils, poorly 
cemented, vety soft; Clay, trace, white (N9), calcareous, vety soft, 
non plastic. 

WOB=7K 
RPM=11 

90-110 20 

SAND AND LITTLE LIMESTONE: Sand, 90%, mostly quartz, 
clear, some calcareous, yellowish gray (SY 8/1), vety phosphatic, 
slightly silty, vety fine- to medium- grained, rounded to sub-angular; 
Limestone, 10%, yellowish gray (SY 8/1), oolitic grainstone, 
phosphatic, trace of fossils, poorly cemented, vety soft; Shell, trace, 
very pale orange (lOY 8/2), tests to 3 mm. 

WOB=7K 
RPM=11 

110-120 10 

SAND: Sand, 100%, clear, quartz, little calcareous, phosphatic, vety 
fine grained, sub-rounded; Limestone, trace, white (N9), poorly 
cemented, soft, fi'agments up to 5 mm; Shell, trace, vety pale orange 
(lOY 8/2), tests to 6 mm. 

W0B=7K 
RPM=11 

120-140 20 

SAND AND SOME SANDSTONE: Sand, 70%, clear, quartz, 
phosphatic, vety silty, vety fine grained, rounded to sub-rounded, 
well sorted; Sandstone, 30%, light gray (NT), quartz, fme grained, 
poorly- to moderately well- cemented; Shell, trace, vety pale orange 
(lOY 8/2), tests to 5 mm. 

WOB=7K 
RPM=12 

140-160 20 

SAND: Sand, 100%, clear, quartz, phosphatic, trace calcareous, 
very silty, very fine grained, rounded to sub-rounded, well sorted. 

WOB=13-19K 
RPM=12 

160-224 64 

LIMESTONE: SANDSTONE, SOME SAND AND SHELL: 
Limestone, 30%, vety light gray (NS) to medium daric gray (N4), 
slightly fossiliferous mudstone, with quartz grains and few shell 
intraclasts, moderately well cemented, moderately hard; Sandstone, 
30%, light gray (Nl), quartz grains in mostly calcareous matrix, 
phosphatic, with shell intraclasts, vety fine grained, poorly- to 
moderately well- cemented, soft to moderately hard; Sand, 20%, 
clear, quartz, vety phosphatic, trace calcareous, silty, vety fine 
grained, rounded to sub-rounded; Fossils, 20%, shell fiagments, 
few whole shells (up to 1-inch), bivalves, occasional coral 
fragments. 

WOB=llK 
RPM=12 

224-228 4 

SANDY CLAY: Clay, 60%, pale olive (lOY 6/2), silty, slightly 
phosphatic, soft, non-plastic, slightly cohesive; Sand, 40%, quartz, 
clear, trace calcareous, vety fme grained, sub-rounded to sub-
angular; Siltstone, trace, olive dark (SY 2/1), moderately hard, 
brittle; Shell, trace, light yellowish gray (SY 8/2), fi'agments l-2mm. 

WOB=6-7K 
RPM=21 

228-250 22 
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ARCAD1S 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW! 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

CLAY AND SOME SAND: Clay, 75%, dusky yellowish green 
(5GY 5/2), slightly silty, trace of phosphate, very soft, medium 
plasticity; Sand, 25%, quartz, clear, trace calcareous, very fine 
grained, sub-rounded to sub-angular; Siltstone, trace, olive dark (5Y 
2/1), moderately hard, brittle; Shell, trace, light yellowish gray (5Y 
8/2), fragments 1-2mm. 

WOB=-6-7K 
RPM=21 

250-260 10 

CLAYEY SAND: Sand, 70%, clear, quartz, phosphatic, trace 
calcareous, silty, very fine- to fine- grained, rounded to sub-rounded, 
well sorted; Clay, 30%, dusky yellowish green (5GY 5/2), slightly 
silty, trace of phosphate, soft, non plastic, lightly cohesive. 

WOB=6-7K 
RPM=21 

260-300 40 

SANDY CLAY: Clay, 50%, dusky yellowish green (5GY 5/2) to 
pale olive (10Y 6/2), silty, trace of phosphate, soft, low plasticity, 
lightly cohesive; Sand, 50%, quartz, clear, very fine grained, sub-
rounded to sub-angular; Shell, trace, light yellowish gray (5Y 8/2), 
fragments 1-2mm,; Limestone, trace, yellowish gray (5Y 7/2), few 
fragments to 3 mm. 

WOB=6-7K 
RPM=21 

300-350 50 

CLAY WITH SOME SAND: Clay, 80%, dusky yellowish green 
(5GY 5/2), trace phosphate, very soft, low plasticity, cohesive; 
Sand, 20%, quartz, clear, very fine grained, sub-rounded to sub-
angular. 

WOB=6-7K 
RPM=21 

350-370 20 

SANDY CLAY: Clay, 50%, dusky yellowish green (5GY 5/2) to 
pale olive (10Y 6/2), silty, trace of phosphate, soft, low plasticity, 
lightly cohesive; Sand, 50%, quartz, clear, very fine grained, sub-
rounded to sub-angular. 

WOB=6-7K 
RPM=21 

350-440 90 

SANDY CLAY (MARL) AND SOME LIMESTONE: Clay (Marl), 
40%, yellowish gray ( 5Y 8/1) to white (N9), little greenish gray 
(50 6/1), mostly calcareous, slightly phosphatic, chalky, very soft, 
cohesive, low plasticity; Sand, 30%, yellowish gray (5Y 8/1), 
calcareous and quartz, clear, phosphatic, very fine- to medium-
grained, sub-angular to sub-rounded; Limestone, 30%, yellowish 
gray (5Y 8/1) to olive gray (5Y 4/1), packstone, grainstone and 
mudstone, fossiliferous with shell intraclasts, slightly phosphatic, 
poorly cemented, very soft, vuggy; Shell, trace, fragments to 0.5-
inch. 

WOB=10-12K 
RPM=21 

440-460 20 

LIMESTONE AND SOME SHELL: Limestone, 70%, yellowish 
gray (5Y7/2), fossiliferous, mudstone, some grainstone with shell 
intraclasts, slightly phosphatic, poorly- to moderately-well 
cemented, soft to moderately hard, slightly vuggy; Shell, 30%, very 
pale orange (10YR 8/2) to yellowish gray (5Y 8/1), mostly small 
tests to 3 mm, frequent large fragments or whole fossils (bivalves) to 
1-inch; Clay (Marl), trace, yellowish gray (5Y 7/2), calcareous, 
very soft, cohesive, non plastic; Sand, trace, yellowish gray (5Y 
8/1), calcareous, very fine- to medium- grained, sub-angular. 

WOB=10-12K 
RPM=21 

460-480 20 
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GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

CLAY AND SOME SAND: Clay, 75%, duslty yellowish green 
(SGY 5/2), slightly silty, trace of phosphate, vety soft, medium 
plasticity; Sand, 25%, quartz, clear, trace calcareous, vety fine 
grained, sub-rounded to sub-angular; Siltstone, trace, olive daric (5Y 
2/1), moderately hard, brittle; Shell, trace, light yellowish gray (SY 
8/2), fiagments l-2mm. 

WOB=6-7K 
RPM=21 

250-260 10 

CLAYEY SAND: Sand, 70%, clear, quartz, phosphatic, trace 
calcareous, silfy, vety fine- to fine- grained, rounded to sub-rounded, 
well sorted; Clay, 30%, dusky yellowish green (SGY 5/2), slightly 
silty, trace of phosphate, soft, non plastic, lightly cohesive. 

WOB=6-7K 
RPM=21 

260-300 40 

SANDY CLAY: Clay, 50%, dusky yellowish green (SGY 5/2) to 
pale olive (lOY 6/2), silfy, trace of phosphate, soft, low plasticify, 
lightly cohesive; Sand, 50%, quartz, clear, vety fine grained, sub-
rounded to sub-angular; Shell, trace, light yellowish gray (SY 8/2), 
fiagments l-2niin,; Limestone, trace, yellowish gray (SY 7/2), few 
fhigments to 3 mm. 

WOB=6-7K 
RPM=2l 

300-350 50 

CLAY WITH SOME SAND: Clay, 80%, dusky yellowish green 
(SGY 5/2), trace phosphate, vety soft, low plasticity, cohesive; 
Sand, 20%, quartz, clear, vety fine grained, sub-rounded to sub-
angular. 

WOB=6-7K 
RPM=21 

350-370 20 

SANDY CLAY: Clay, 50%, duslty yellowish green (SGY 5/2) to 
pale olive (lOY 6/2), silty, trace of phosphate, soft, low plasticity, 
lightly cohesive; Sand, 50%, quartz, clear, vety fme grained, sub-
rounded to sub-angular. 

WOB=6-7K 
RPM=21 

350-440 90 

SANDY CLAY (MARL) AND SOME LIMESTONE: Clay (Marl), 
40%, yellowish gray ( SY 8/1) to white (N9), little greenish gray 
(5G 6/1), mostly calcareous, slightly phosphatic, chalky, vety soft, 
cohesive, low plasticity; Sand, 30%, yellowish gray (5Y 8/1), 
calcareous and quartz, clear, phosphatic, vety fme- to medium-
grained, sub-angular to sub-rounded; Limestone, 30%, yellowish 
gray (SY 8/1) to olive gray (5Y 4/1), packstone, grainstone and 
mudstone, fossiliferous vyith shell intraclasts, slightly phosphatic, 
poorly cemented, vety soft, vuggy; Shell, trace, fragments to 0.5-
inch. 

WOB=10-12K 
RPM=21 

440-460 20 

LIMESTONE AND SOME SHELL: Limestone, 70%, yellowish 
gray (5Y7/2), fossiliferous, mudstone, some grainstone with shell 
intraclasts, slightly phosphatic, poorly- to moderately-well 
cemented, soft to moderately hard, slightly vuggy; Shell, 30%, vety 
pale orange (lOYR 8/2) to yellowish gray (SY 8/1), mostly small 
tests to 3 mm, frequent large fiagments or whole fossils (bivalves) to 
1-inch; Clay (Marl), trace, yellowish gray (SY 7/2), calcareous, 
vety soft, cohesive, non plastic; Sand, trace, yellowish gray (5Y 
8/1), calcareous, very fine- to medium- grained, sub-angular. 

WOB=10-12K 
RPM=21 

460-480 20 
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PI ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW1 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

LIMESTONE AND LITTLE CLAY(MARL): Limestone, 90%, 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, some mudstone, fossiliferous with some shell intraclasts, 
slightly phosphatic, very fme- to fine- grained, poorly cemented, 
very soft to soft; Clay (Marl), 10%, pale olive (10Y 6/2), calcareous, 
phosphatic, very soft, cohesive, non plastic. 

WOB=10-12K 
RPM=21 

480-500 

• 

20 

LIMESTONE AND SOME SHELL: Limestone, 70%, yellowish 
gray (5Y7/2), fossiliferous, mudstone, some grainstone with shell 
intraclasts, slightly phosphatic, poorly- to moderately-well 
cemented, soft to moderately hard, slightly vuggy; Shell, 30%, very 
pale orange (10YR 8/2) to yellowish gray (5Y 8/1), mostly small 
tests to 3 nun, frequent large fragments or whole fossils (bivalves) to 
1-inch; Clay (Marl), trace, yellowish gray (5Y 7/2), calcareous, 
very soft, cohesive, non plastic; Sand, trace, yellowish gray (5Y  
8/1), calcareous, very fine- to medium- grained, sub-angular. 

WOB=12K 
RPM=21 

500-550 50 

LIMESTONE AND SOME CLAY(MARL): Limestone, 75%, 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts, very fine- to 
fine- grained, poorly- to moderately well-cemented, very soft to soft, 
(up to 20% in a form of calcareous sand), vuggy; Clay (Marl), 
yellowish gray (5Y 8/1) to pale olive (10Y 6/2), calcareous, trace of 
phosphate, very soft, cohesive, non plastic. 

WOB= 15-20K 
RPM=20 

550-580 30 

CLAY(MARL) AND LIMESTONE: Clay (Marl), 60%, yellowish 
gray (5Y 8/1) to pale olive (10Y 6/2), calcareous, trace of 
phosphate, very soft, cohesive, non plastic; Limestone, 40%, 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, little packstone, fossiliferous with shell intraclasts 
(mollusks), very fme- to fine- grained, poorly cemented, very soft to 
moderately hard (some in a form of calcareous sand). 

WOB= 15-20K 
RPM=20 

580-590 10 

LIMESTONE AND SOME CLAY(MARL): Limestone, 70%, 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, some packstone, fossiliferous with shell intraclasts 
(mollusks), phosphatic, very fine- to fine- grained, poorly cemented, 
very soft to soft (mostly in a form of calcareous sand), vuggy; Clay 
(Marl), 30%, yellowish gray (5Y 8/1) to pale olive (10Y 6/2), 
calcareous, trace of phosphate, very soft, cohesive, non plastic. 

WOB= 15-20K 
RPM=20 

590-600 10 

SAND, LITTLE CLAY (MARL) AND LITTLE LIMESTONE: 
Sand, 80%, yellowish gray (5Y 8/1), calcareous (product of 
disintegrated oolitic limestone), with few shell tests, very fine- to 
medium- grained; Clay (Marl), 10%, yellowish gray (5Y 8/1) to pale 
olive (10Y 6/2), calcareous, trace of phosphate, very soft, cohesive, 
non plastic; Limestone, 10%, yellowish gray (5Y 7/2) to very pale 
orange (10YR 8/2), oolitic grainstone, some packstone, fossiliferous 
with shell intraclasts (mollusks), very fine- to fine- grained, poorly 
cemented, few fragments to 3 mm. 

WOB= 15-20K 
RPM=20 

600-610 10 
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i/CLll S GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

LIMESTONE AND LITTLE CLAY(MARL): Limestone, 90%, 
yellowish gray (SY 7/2) to vety pale orange (lOYR 8/2), oolitic 
grainstone, some mudstone, fossiliferous with some shell intraclasts, 
slightly phosphatic, vety fine- to fine- grained, poorly cemented, 
vety soft to soft; Clay (Marl), 10%, pale olive (lOY 6/2), calcareous, 
phosphatic, very soft, cohesive, non plastic. 

WOB=10-12K 
RPM=21 

480-500 20 

LIMESTONE AND SOME SHELL: Limestone, 70%, yellowish 
gray (5Y7/2), fossiliferous, mudstone, some grainstone with shell 
intraclasts, slightly phosphatic, poorly- to moderately-well 
cemented, soft to moderately hard, slightly vuggy; Shell, 30%, vety 
pale orange (lOYR 8/2) to yellowish gray (SY 8/1), mostiy small 
tests to 3 mm, fi'equent large fi'agments or whole fossils (bivalves) to 
1-inch; Clay (Marl), trace, yellowish gray (SY 7/2), calcareous, 
vety soft, cohesive, non plastic; Sand, trace, yellowish gray (SY 
8/1), calcareous, very fine- to medium- grained, sub-angular. 

WOB=12K 
RPM=21 

500-550 50 

LIMESTONE AND SOME CLAY(MARL): Limestone, 75%, 
yellowish gray (SY 7/2) to vety pale orange (lOYR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts, vety fine- to 
fine- grained, pooriy- to moderately well-cemented, vety soft to soft, 
(up to 20% in a form of calcareous sand), vuggy; Clay (Marl), 
yellowish gray (SY 8/1) to pale olive (lOY 6/2), calcareous, trace of 
phosphate, very soft, cohesive, non plastic. 

WOB= 1S-20K 
RPM=20 

550-580 30 

CLAY(MARL) AND LIMESTONE: Clay (Marl), 60%, yellowish 
gray (SY 8/1) to pale olive (lOY 6/2), calcareous, trace of 
phosphate, vety soft, cohesive, non plastic; Limestone, 40%, 
yellowish gray (SY T/2) to vety pale orange (lOYR 8/2), oolitic 
grainstone, little packstone, fossiliferous with shell intraclasts 
(mollusks), vety fine- to fine- grained, poorly cemented, vety soft to 
moderately hard (some in a form of calcareous sand). 

WOB= 1S-20K 
RPM=20 

580-590 10 

LIMESTONE AND SOME CLAY(MARL): Limestone, T0%, 
yellowish gray (SY T/2) to vety pale orange (lOYR 8/2), oolitic 
grainstone, some packstone, fossiliferous with shell intraclasts 
(mollusks), phosphatic, vety fine- to fine- grained, poorly cemented, 
vety soft to soft (mostly in a form of calcareous sand), vuggy; Clay 
(Marl), 30%, yellowish gray (SY 8/1) to pale olive (lOY 6/2), 
calcareous, trace of phosphate, very soft, cohesive, non plastic. 

WOB= 15-20K 
RPM=20 

590-600 10 

SAND, LITTLE CLAY (MARL) AND LITTLE LIMESTONE: 
Sand, 80%, yellowish gray (SY 8/1), calcareous (product of 
disintegrated oolitic limestone), with few shell tests, vety fine- to 
medium- grained; Clay (Marl), 10%, yellowish gray (SY 8/1) to pale 
olive (lOY 6/2), calcareous, trace of phosphate, vety soft, cohesive, 
non plastic; Limestone, 10%, yellowish gray (SY T/2) to vety pale 
orange (lOYR 8/2), oolitic grainstone, some packstone, fossiliferous 
with shell intraclasts (mollusks), vety fine- to fine- grained, poorly 
cemented, few fragments to 3 mm. 

WOB= 1S-20K 
RPM=20 

600-610 10 
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2ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW1 

L1THOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

SANDY CLAY (MARL) AND VERY LITTLE LIIVIESTONE: 
Clay (Marl), 70%, yellowish gray (5Y 8/1), calcareous, chalky, very 
soft, cohesive, non plastic; Sand, 25%, yellowish gray (5Y 8/1), 
calcareous, trace of phosphate, very fine to medium grained, sub-
angular; Limestone, 5%, yellowish gray (5Y 8/1), fossiliferous 
grainstone with shell intraclasts, slightly phosphatic, poorly 
cemented, very soft. 

WOB= 15-20K 
RPM=20 

610-620 10 

LIMESTONE AND SOME CLAY(MARL): Limestone, 80%, 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts (mollusks), very 
fine- to fine- grained, poorly cemented, very soft to soft (mostly in a 
form of calcareous sand; Clay (Marl), 30%, yellowish gray (5Y 8/1) 
to pale olive (10Y 6/2), calcareous, trace of phosphate, very soft, 
cohesive, non plastic. 

WOB=10-13K 
RPM=22 

620-630 10 

SAND, SOME LIMESTONE AND LITTLE CLAY (MARL): 
Sand, 60%, yellowish gray (5Y 8/1), calcareous (product of 
disintegrated oolitic limestone), with few shell tests, very fine- to 
medium- grained; Limestone, 30%, yellowish gray (5Y 7/2) to very 
pale orange (10YR 8/2), oolitic grainstone, some packstone, 
fossiliferous with shell intraclasts (mollusks), very fine- to fine-
grained, poorly cemented, soft to very soft, mostly as sand, few 
fragments to 3 mm; Clay (Marl), 10%, yellowish gray (5Y 8/1) to 
pale olive (10Y 6/2), calcareous, trace of phosphate, very soft, 
cohesive, non plastic; 

WOB=10-13K 
RPM=22 

630-640 10 

SANDY CLAY (MARL) AND LIMESTONE: Clay (Marl), 60%, 
yellowish gray ( 5Y 8/1), calcareous, chalky, very soft, cohesive, 
non plastic; Limestone, 40%, yellowish gray (5Y 7/2) to very pale 
orange (10YR 8/2), oolitic grainstone, some packstone, fossiliferous 
with shell intraclasts (mollusks), very fine- to medium- grained, 
poorly cemented, soft to very soft, mostly as sand, few fragments to 
3 mm; 

WOB=12-15K 
RPM=25 

640-650 10 

LIMESTONE AND LITTLE CLAY(MARL): Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, some packstone, 
fossiliferous with some shell intraclasts, very fine- to fine- grained, 
poorly- to moderately well-cemented, very soft to moderately hard, 
some fragments to 0.5-inch; Clay (Marl), 10%, yellowish gray (5Y 
8/1), calcareous, cohesive, very soft, non plastic. 

WOB=12-15K 
RPM=22 

650-660 10 

SAND, SOME LIMESTONE AND LITTLE CLAY (MARL): 
Sand, 60%, yellowish gray (5Y 8/1), calcareous (product of 
disintegrated oolitic limestone), with few shell tests, very fine- to 
medium- grained; Limestone, 30%, yellowish gray (5Y 7/2) to very 
pale orange (10YR 8/2), oolitic grainstone, some packstone, 
fossiliferous with shell intraclasts (mollusks), very fine- to fine-
grained, poorly cemented, soft to very soft, mostly as sand, few 
fragments to 3 mm; Clay (Marl), 10%, yellowish gray (5Y 8/1) to 
pale olive (10Y 6/2), calcareous, trace of phosphate, very soft, 
cohesive, non plastic; 

WOB=10-12K 
RPM=20 

660-670 10 
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i ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

SANDY CLAY (MARL) AND VERY LITTLE LIMESTONE: 
Clay (Marl), T0%, yellowish gray (SY 8/1), calcareous, chalky, vety 
soft, cohesive, non plastic; Sand, 25%, yellowish gray (SY 8/1), 
calcareous, trace of phosphate, vety fme to medium grained, sul>-
angular. Limestone, 5%, yellowish gray (5Y 8/1), fossiliferous 
grainstone with shell intraclasts, slightly phosphatic, poorly 
cemented, very soft. 

WOB= 1S-20K 
RPM=20 

610-620 10 

LIMESTONE AND SOME CLAY(MARL): Limestone, 80%, 
yellowish gray (SY T/2) to vety pale orange (lOYR 8/2), oolitic 
grainstone, fossiliferous with some shell intraclasts (mollusks), vety 
fme- to fine- grained, poorly cemented, vety soft to soft (mostly in a 
form of calcareous sand; Clay (Marl), 30%, yellowish gray (5Y 8/1) 
to pale olive (lOY 6/2), calcareous, trace of phosphate, vety soft, 
cohesive, non plastic. 

WOB=10-13K 
RPM=22 

620-630 10 

SAND, SOME LIMESTONE AND LITTLE CLAY (MARL): 
Sand, 60%, yellowish gray (SY 8/1), calcareous (product of 
disintegrated oolitic limestone), with few shell tests, vety fine- to 
medium- grained; Limestone, 30%, yellowish gray (SY T/2) to vety 
pale orange (lOYR 8/2), oolitic grainstone, some packstone, 
fossiliferous with shell intraclasts (mollusks), vety fine- to fine
grained, poorly cemented, soft to vety soft, mostly as sand, few 
fiagments to 3 mm; Clay (Marl), 10%, yellowish gray (SY 8/1) to 
pale olive (lOY 6/2), calcareous, trace of phosphate, vety soft, 
cohesive, non plastic; 

WOB=10-13K 
RPM=22 

630-640 10 

SANDY CLAY (MARL) AND LIMESTONE: Clay (Marl), 60%, 
yellowish gray (SY 8/1), calcareous, challty, vety soft, cohesive, 
non plastic; Limestone, 40%, yellowish gray (SY T/2) to vety pale 
orange (lOYR 8/2), oolitic grainstone, some packstone, fossiliferous 
with shell intraclasts (mollusks), vety fme- to medium- grained, 
poorly cemented, soft to vety soft, mostly as sand, few fragments to 
3 mm; 

W0B=12-1SK 
RPM=25 

640-650 10 

LIMESTONE AND LITTLE CLAY(MARL): Limestone, 90%, 
yellowish gray (SY T/2), oolitic grainstone, some packstone, 
fossiliferous with some shell intraclasts, vety fine- to fine- grained, 
poorly- to moderately well-cemented, vety soft to moderately hard, 
some fragments to O.S-inch; Clay (Marl), 10%, yellowish gray (SY 
8/1), calcareous, cohesive, very soft, non plastic. 

WOB=12-lSK 
RPM=22 

650-660 10 

SAND, SOME LIMESTONE AND LriTLE CLAY (MARL): 
Sand, 60%, yellowish gray (SY 8/1), calcareous (product of 
disintegrated oolitic limestone), with few shell tests, vety fine- to 
medium- grained; Limestone, 30%, yellowish gray (SY T/2) to vety 
pale orange (lOYR 8/2), oolitic grainstone, some packstone, 
fossiliferous with shell intraclasts (mollusks), vety fine- to fine
grained, poorly cemented, soft to vety soft, mostfy as sand, few 
fragments to 3 mm; Clay (Marl), 10%, yellowish gray (SY 8/1) to 
pale olive (lOY 6/2), calcareous, trace of phosphate, vety soft, 
cohesive, non plastic; 

WOB=10-12K 
RPM=20 

660-6T0 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW! 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

SAND, SOME CLAY (MARL) AND LITTLE LIMESTONE: 
Sand, 65%, yellowish gray (5Y 8/1), calcareous (product of 
disintegrated oolitic limestone), with few shell tests, very fine- to 
medium- grained; Clay (Marl), 25%, yellowish gray (5Y 8/1), 
calcareous, trace of phosphate, very soft, cohesive, non plastic; 
Limestone, 10%, yellowish gray (5Y 7/2), oolitic grainstone, some 
packstone, some shell intraclasts (mollusks), very fine- to fine-
grained, poorly cemented, soft to very soft, mostly as sand, few 
fragments to 3 mm. 

WOB=10-12K 
RPM=20 

670-690 20 

LIMESTONE AND LITTLE CLAY (MARL): Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, highly fossiliferous with 
shell intraclasts, very fine- to fine-grained, poorly- to moderately 
well- cemented, very soft to soft, some in a form of calcareous sand 
with larger fragments to3 mm; Clay (Marl), 10%, yellowish gray 
(5Y 8/1-7/2), calcareous, trace of phosphate, very soft, cohesive, 
non plastic. 

WOB=18-20K 
RPM=27 

690-730 40 

CLAY (MARL) AND LITTLE LIMESTONE: Clay (Marl), 80%, 
yellowish gray (5Y 8/1), calcareous, chalky, very soft, very 
cohesive, non plastic; Limestone, 20%, yellowish gray (5Y 8/1), 
fossiliferous grainstone with shell intraclasts, slightly phosphatic, 
poorly cemented, very soft, up to 50% in a form of calcareous sand.. 

WOB=8-10K 
RPM=22 

730-760 30 

LIMESTONE AND LITTLE CLAY (MARL): Limestone, 90%, 
yellowish gray (5Y 7/2), oolitic grainstone, highly fossiliferous with 
shell intraclasts, very fine- to fine-grained, poorly- to moderately 
well- cemented, very soft to soft, some in a form of calcareous sand 
with larger fragments to3 mm; Clay (Marl), 10%, yellowish gray 
(5Y 8/1-7/2), calcareous, trace of phosphate, very soft, cohesive, 
non plastic. 

WOB=8-10K 
RPM=22 

760-770 10 

SANDY CLAY (MARL) AND LIMESTONE: Clay (Marl), 60%, 
yellowish gray ( 5Y 8/1), calcareous, chalky, very soft, very 
cohesive, non plastic; Limestone, 40%, yellowish gray (5Y 7/2), 
oolitic grainstone, some packstone, fossiliferous with shell 
intraclasts (mollusks), trace of phosphate, very fine- to medium-
grained, poorly cemented, very soft, up to 50% in form of 
calcareous sand. 

WOB=8-10K 
RPM=22 

770-780 10 

SAND AND SOME LIMESTONE: Sand, 70%, yellowish gray (5Y 
8/1), calcareous (product of disintegrated oolitic limestone), with 
few shell tests, very fine- to medium- grained; Limestone, 30%, 
yellowish gray (5Y 7/2), oolitic grainstone, some packstone, some 
shell intraclasts (mollusks), very fine- to fine- grained, poorly to 
moderately well- cemented, soft to moderately hard, few fragments 
tot/2-inch. 

WOB=8-10K 
RPM=22 

780-790 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 8/1), highly 
fossiliferous oolitic grainstone, poorly cemented (up to 40% in a 
form of calcareous sand), very soft to soft; Clay (Marl), trace, 
yellowish gray (5Y 8/1-7/2), calcareous, trace of phosphate, very 
soft, cohesive, non plastic. 

WOB=8-10K 
RPM=22 

790-810 20 
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ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

SAND, SOME CLAY (MARL) AND LITTLE LIMESTONE: 
Sand, 65%, yellowish gray (SY 8/1), calcareous (product of 
disintegrated oolitic limestone), with few shell tests, vety fine- to 
medium- grained; Clay (Marl), 25%, yellowish gray (5Y 8/1), 
calcareous, trace of phosphate, vety soft, cohesive, non plastic; 
Limestone, 10%, yellowish gray (SY T/2), oolitic grainstone, some 
packstone, some shell intraclasts (mollusks), vety fine- to fine
grained, poorly cemented, soft to vety soft, mostly as sand, few 
fiagments to 3 mm. 

WOB=10-12K 
RPM=20 

6T0-690 20 

LIMESTONE AND LITTLE CLAY (MARL): Limestone, 90%, 
yellowish gray (5Y T/2), oolitic grainstone, highly fossiliferous with 
shell intraclasts, vety fine- to fine-grained, poorly- to moderately 
well- cemented, vety soft to soft, some in a form of calcareous sand 
with larger fiagments to3 mm; Clay (Marl), 10%, yellowish gray 
(SY 8/1-T/2), calcareous, trace of phosphate, vety soft, cohesive, 
non plastic. 

WOB=18-20K 
RPM=2T 

690-T30 40 

CLAY (MARL) AND LITTLE LIMESTONE: Clay (Marl), 80%, 
yellowish gray (SY 8/1), calcareous, chalky, vety soft, vety 
cohesive, non plastic; Limestone, 20%, yellowish gray (SY 8/1), 
fossiliferous grainstone with shell intraclasts, slightly phosphatic, 
pooriy cemented, very soft, up to 50% in a form of calcareous sand.. 

WOB=8-10K 
RPM=22 

T30-T60 30 

LIMESTONE AND LITTLE CLAY (MARL): Limestone, 90%, 
yellowish gray (SY T/2), oolitic grainstone, highly fossiliferous with 
shell intraclasts, vety fine- to fine-grained, poorly- to moderately 
well- cemented, vety soft to soft, some in a form of calcareous sand 
with larger fiagments to3 mm; Clay (Marl), 10%, yellowish gray 
(5Y 8/1-T/2), calcareous, trace of phosphate, vety soft, cohesive, 
non plastic. 

WOB=8-10K 
RPM=22 

T60-TT0 10 

SANDY CLAY (MARL) AND LIMESTONE: Clay (Marl), 60%, 
yellowish gray (SY 8/1), calcareous, challty, vety soft, vety 
cohesive, non plastic; Limestone, 40%, yellowish gray (SY T/2), 
oolitic grainstone, some packstone, fossiliferous with shell 
intraclasts (mollusks), trace of phosphate, vety fine- to medium-
grained, poorly cemented, vety soft, up to 50% in form of 
calcareous sand. 

WOB=8-10K 
RPM=22 

TT0-T80 10 

SAND AND SOME LIMESTONE: Sand, T0%, yellowish gray (SY 
8/1), calcareous (product of disintegrated oolitic limestone), vyith 
few shell tests, vety fine- to medium- grained; Limestone, 30%, 
yellowish gray (SY T/2), oolitic grainstone, some packstone, some 
shell intraclasts (mollusks), vety fine- to fine- grained, poorly to 
moderately well- cemented, soft to moderately hard, few fragments 
to 1/2-inch. 

WOB=8-10K 
RPM=22 

T80-T90 10 

LIMESTONE: Limestone, 100%, yellowish gray (SY 8/1), highly 
fossiliferous oolitic grainstone, poorly cemented (up to 40% in a 
form of calcareous sand), vety soft to soft; Clay (Marl), trace, 
yellowish gray (SY 8/1-T/2), calcareous, trace of phosphate, vety 
soft, cohesive, non plastic. 

WOB=8-10K 
RPM=22 

T90.810 20 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW1 

DRILLING DEPTH 
INTERVAL 

THICKNESS 
COMMENTS LITHOLOGICAL DESCRIPTION 

SAND AND VERY LITTLE CLAY: Sand, 95%, yellowish gray 
(5Y 8/Ito 5Y 7/2), calcareous, product of disintegrated oolitic 
limestone, with trace of shell, fragments to 2 mm, trace of 
phosphate, very fine- to medium- grained, sub-angular, few 
fragments of limestone to 5 mm; Clay (Marl), 5%, yellowish gray 
(5Y 7/2) to pale olive (10Y 6/2), calcareous, very soft, non plastic. 

WOB=10-12K 
RPM=22 

810-820 10 

LIMESTONE AND VERY LITTLE CLAY: Limestone, 95%, 
yellowish gray (5Y 8/1), highly fossiliferous oolitic grainstone, 
poorly cemented (up to 20% in a form of calcareous sand), very soft 
to soft; Clay (Marl), 5%, yellowish gray (5Y 8/1-7/2), calcareous, 
trace of phosphate, very soft, cohesive, non plastic. 

WOB=10-12K 
RPM=22 

, 

820-830 10 

LIMESTONE AND SOME CLAY: Limestone, 80%, yellowish 
gray (5Y 8/1), highly fossiliferous oolitic grainstone, poorly 
cemented (up to 40% in a form of calcareous sand), very soft to soft; 
Clay (Marl), 20%, yellowish gray (5Y 8/1-7/2), calcareous, trace of 
phosphate, very soft, cohesive, non plastic. 

WOB=20-21K 
RPM=22 

830-840 10 

CLAY (MARL) AND SOME LIMESTONE: Clay (Marl), 70%, 
yellowish gray ( 5Y 8/1), calcareous, with up to 10% of calcareous 
sand, chalky, very soft, very cohesive, non plastic; Limestone, 30%, 
yellowish gray (5Y 7/2) to very pale orange (10YR 8/2), oolitic 
grainstone, some packstone, fossiliferous with shell intraclasts 
(mollusks), very fine- to medium- grained, poorly cemented, soft to 
very soft. 

WOB=10-12K 
RPM=22 

840-850 10 

CLAY AND LIMESTONE: Clay , 50%, pale olive (5Y 6/4), mostly 
calcareous (marl), chalky, soft, cohesive, medium plasticity; 
Limestone, 40%, yellowish gray (5Y 7/2), fossiliferous oolitic 
grainstone, some packstone, with shell intraclasts (mollusks), very 
fine- to medium- grained, poorly cemented, very soft, mostly in 
form of a calcareous sand. 

WOB=10-12K 
RPM=22 

850-860 10 

SAND AND LITTLE CLAY (MARL): Sand, 90%, yellowish gray 
(5Y 7/2), calcareous, product of disintegrated oolitic limestone, with 
trace of shell, fragments to 2 mm, trace of phosphate, very fine- to 
fine- grained, sub-rounded to sub-angular; Clay (Marl), 10%, 
yellowish gray (5Y 7/2), calcareous, very soft, cohesive, non plastic. 

WOB=10-12K 
RPM=22 

860-880 20 

SANDY CLAY (MARL): Clay (Marl), 60%, yellowish gray (5Y 
7/2), calcareous, trace of phosphate, very soft, cohesive, non plastic; 
Sand, 40%, yellowish gray (5Y 7/2), calcareous, product of 
disintegrated oolitic limestone, with trace of shell, very fine- to fine-
grained, sub-rounded to sub-angular. 

WOB=10-12K 
RPM=22 

880-890 10 

CLAY AND SOME LIMESTONE: Clay , 70%, pale olive (10Y 
6/2), mostly calcareous (marl), chalky, soft, cohesive, medium 
plasticity; Limestone, 30%, yellowish gray (5Y 7/2), fossiliferous 
oolitic grainstone, some packstone, with shell intraclasts (mollusks), 
very fine- to medium- grained, poorly cemented, very soft, mostly in 
form of a calcareous sand. 

WOB=10-12K 
RPM=22 

890-900 10 
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0 ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection Well System 

Monitor WeU MWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

SAND AND VERY LITTLE CLAY: Sand, 95%, yellowish gray 
(SY 8/lto SY T/2), calcareous, product of disintegrated oolitic 
limestone, with trace of shell, fiagments to 2 mm, trace of 
phosphate, vety fine- to medium- grained, sub-angular, few 
fiagments of limestone to 5 mm; Clay (Marl), 5%, yellowish gray 
(SY T/2) to pale olive (lOY 6/2), calcareous, very soft, non plastic. 

WOB=10-12K 
RPM=22 

810-820 10 

LIMESTONE AND VERY LITTLE CLAY: Limestone, 95%, 
yellowish gray (SY 8/1), highly fossiliferous oolitic grainstone, 
poorly cemented (up to 20% in a form of calcareous sand), vety soft 
to soft; Clay (Marl), 5%, yellowish gray (SY 8/1-T/2), calcareous, 
trace of phosphate, very soft, cohesive, non plastic. 

WOB=10-12K 
RPM=22 

820-830 10 

LIMESTONE AND SOME CLAY: Limestone, 80%, yellowish 
gray (SY 8/1), highly fossiliferous oolitic grainstone, poorly 
cemented (up to 40% in a form of calcareous sand), vety soft to soft; 
Clay (Marl), 20%, yellowish gray (SY 8/1-T/2), calcareous, trace of 
phosphate, very soft, cohesive, non plastic. 

WOB=20-21K 
RPM=22 

830-840 10 

CLAY (MARL) AND SOME LIMESTONE: Clay (Marl), T0%, 
yellowish gray ( SY 8/1), calcareous, with up to 10% of calcareous 
sand, chalky, vety soft, vety cohesive, non plastic; Limestone, 30%, 
yellowish gray (SY T/2) to vety pale orange (lOYR 8/2), oolitic 
grainstone, some packstone, fossiliferous with shell intraclasts 
(mollusks), vety fine- to medium- grained, pooriy cemented, soft to 
very soft. 

WOB=10-12K 
RPM=22 

840-850 10 

CLAY AND LIMESTONE: Clay, 50%, pale olive (5Y 6/4), mostly 
calcareous (marl), chalky, soft, cohesive, medium plasticify; 
Limestone, 40%, yellowish gray (SY T/2), fossiliferous oolitic 
grainstone, some packstone, with shell intraclasts (mollusks), vety 
fine- to medium- grained, poorly cemented, vety soft, mostly in 
form of a calcareous sand 

WOB=10-12K 
RPM=22 

850-860 10 

SAND AND LITTLE CLAY (MARL): Sand, 90%, yellowish gray 
(SY T/2), calcareous, product of disintegrated oolitic limestone, with 
trace of shell, fiagments to 2 mm, trace of phosphate, vety fine- to 
fine- grained, sub-rounded to sub-angular; Clay (Marl), 10%, 
yellowish gray (SY T/2), calcareous, vety soft, cohesive, non plastic. 

WOB=I0-12K 
RPM=22 

860-880 20 

SANDY CLAY (MARL): Clay (Marl), 60%, yellowish gray (5Y 
T/2), calcareous, trace of phosphate, vety soft, cohesive, non plastic; 
Sand, 40%, yellowish gray (SY T/2), calcareous, product of 
disintegrated oolitic limestone, with trace of shell, vety fme- to fine
grained, sub-rounded to sub-angular. 

WOB=10-12K 
RPM=22 

880-890 10 

CLAY AND SOME LIMESTONE: Clay, T0%, pale olive (lOY 
6/2), mostly calcareous (marl), chalky, soft, cohesive, medium 
plasticify; Limestone, 30%, yellowish gray (5Y T/2), fossiliferous 
oolitic grainstone, some packstone, with shell intraclasts (mollusks), 
vety fine- to medium- grained, poorly cemented, vety soft, mostly in 
form of a calcareous sand. 

WOB=10-12K 
RPM=22 

890-900 10 
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IVICADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW1 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

LIMESTONE AND SOME CLAY (MARL): Limestone, 70%, 
yellowish gray (5Y7/2), fossiliferous oolitic grainstone, numerous 
shell fragments up to 0.5-inch, mostly poorly cemented (up to 30% 
in a form of calcareous sand), very soft to soft; Clay (Marl), 30%, 
yellowish gray (5Y 8/1-7/2), calcareous, trace of phosphate, very 
soft, cohesive, non plastic. 

WOB=10-12K 
RPM=22 

900-920 20 

SAND AND LITTLE CLAY: Sand, 90%, yellowish gray (5Y 7/2), 
calcareous, product of disintegrated oolitic limestone, with trace of 
shell, fragments to 2 mm, trace of phosphate, very fine- to medium-
grained, sub-angular, few fragments of limestone to 5 mm; Clay 
(Marl), 10%, yellowish gray (5Y 7/2), calcareous, very soft, non 
plastic. 

WOB=10-12K 
RPM=22 

920-930 10 

LIMESTONE AND SOME CLAY: Limestone, 80%, yellowish 
gray (5Y 7/2), grainstone and packstone, with few fossils (shell 
fragments 2-3 mm), poorly cemented (up to 60% in form of 
calcareous sand), very soft; Clay (Marl), 30%, yellowish gray (5Y 
8/1-7/2), calcareous, trace of phosphate, very soft, cohesive, non 
plastic. 

WOB=10-12K 
RPM=22 

930-940 10 

CLAY AND SOME LIMESTONE: Clay , 70%, pale olive (10Y 
6/2), mostly calcareous (marl), chalky, soft, cohesive, medium 
plasticity; Limestone, 30%, yellowish gray (5Y 7/2), fossiliferous 
oolitic grainstone, some packstone, with shell intraclasts (mollusks), 
very fine- to medium- grained, poorly cemented, very soft, mostly in 
form of a calcareous sand. 

WOB=10-12K 
RPM=22 

940-950 10 

CLAY (MARL): Clay (Marl), 100%, yellowish gray (5Y 8/1), 
calcareous, very soft, highly cohesive, non plastic; Limestone, trace, 
yellowish gray (5Y 8/1), poorly cemented, very soft. 

WOB=10-12K 
RPM=22 

950-960 10 

CLAY: Clay, 100%, pale olive (10Y 6/2), partly calcareous (marl), 
soft with some harder fragments, mostly highly cohesive, non 
plastic 

WOB=10-12K 
RPM=22 

960-970 10 

SANDY CLAY (MARL): Clay (Marl), 100%, yellowish gray (5Y 
7/2), calcareous, trace of phosphate, with 20% of calcareous sand 
and traces of limestone fragments, up to 3 mm, very soft, highly 
cohesive, non plastic. 

WOB=20-21K 
RPM 22 

970-990 20 

CLAY: Clay , 100%, yellowish gray (5Y 7/2) to pale olive (10Y 
6/2), partly calcareous (marl), soft to very soft, highly cohesive, non 
plastic 

WOB=10-12K 
RPM=22 

990-1020 30 

CLAY AND VERY LITTLE SAND: Clay, 95%, pale olive (10Y 
6/2), slightly calcareous, with 5% of calcareous, very fine grained 
sand, very soft, cohesive, low plasticity to non plastic; Limestone, 
trace, yellowish gray (5Y 7/2), packstone, poorly cemented, very 
soft. 

WOB=10-12K 
RPM=22 

1020-1030 10 

CLAY AND LITTLE LIMESTONE: Clay, 90%, yellowish gray 
(5Y 7/2) to pale olive (10Y 6/2), slightly calcareous, with trace of 
fine grained calcareous sand, very soft, low plasticity to non plastic; 
Limestone, 10%, yellowish gray (5Y 7/2), packstone, fossiliferous, 
with shell intraclasts, poorly cemented, very soft. 

WOB=10-12K 
RPM=15 

1030-1050 20 
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GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

LIMESTONE AND SOME CLAY (MARL): Limestone, T0%, 
yellowish gray (5YT/2), fossiliferous oolitic grainstone, numerous 
shell fiagments up to O.S-inch, mostly poorly cemented (up to 30% 
in a form of calcareous sand), vety soft to soft; Clay (Marl), 30%, 
yellowish gray (SY 8/1-T/2), calcareous, trace of phosphate, vety 
soft, cohesive, non plastic. 

WOB=10-12K 
RPM=22 

900-920 20 

SAND AND LITTLE CLAY: Sand, 90%, yellowish gray (SY T/2), 
calcareous, product of disintegrated oolitic limestone, with trace of 
shell, fiagments to 2 mm, trace of phosphate, vety fine- to medium-
grained, sub-angular, few fiagments of limestone to 5 mm; Clay 
(Marl), 10%, yellowish gray (SY T/2), calcareous, vety soft, non 
plastic. 

WOB=10-12K 
RPM=22 

920-930 10 

LIMESTONE AND SOME CLAY: Limestone, 80%, yellowish 
gray (SY T/2), grainstone and packstone, with few fossils (shell 
fiagments 2-3 mm), poorly cemented (up to 60% in form of 
calcareous sand), vety soft; Clay (Marl), 30%, yellowish gray (SY 
8/1-T/2), calcareous, trace of phosphate, vety soft, cohesive, non 
plastic. 

WOB=10-12K 
RPM=22 

930-940 10 

CLAY AND SOME LIMESTONE: Clay, T0%, pale olive (lOY 
6/2), mostly calcareous (marl), chalky, soft, cohesive, medium 
plasticify; Limestone, 30%, yellowish gray (SY T/2), fossiliferous 
oolitic grainstone, some packstone, with shell intraclasts (mollusks), 
vety fine- to medium- grained, poorly cemented, vety soft, mostly in 
form of a calcareous sand. 

WOB=10-12K 
RPM=22 

940-950 10 

CLAY (MARL): Clay (Marl), 100%, yellowish gray (SY 8/1), 
calcareous, vety soft, highly cohesive, non plastic; Limestone, trace, 
yellowish gray (SY 8/1), pooriy cemented, very soft. 

WOB=10-12K 
RPM=22 

950-960 10 

CLAY: Clay, 100%, pale olive (lOY 6/2), partly calcareous (marl), 
soft with some harder fiagments, mostly highly cohesive, non 
plastic 

WOB=10-12K 
RPM=22 

960-970 10 

SANDY CLAY (MARL): Clay (Marl), 100%, yellowish gray (SY 
7/2), calcareous, trace of phosphate, with 20% of calcareous sand 
and traces of limestone fiagments, up to 3 mm, vety soft, highly 
cohesive, non plastic. 

WOB=20-21K 
RPM=22 

970-990 20 

CLAY: Clay, 100%, yellowish gray (SY 7/2) to pale olive (lOY 
6/2), partly calcareous (marl), soft to vety soft, highly cohesive, non 
plastic 

WOB=10-I2K 
RPM=22 

990-1020 30 

CLAY AND VERY LITTLE SAND: Clay, 95%, pale olive (lOY 
6/2), slightly calcareous, with 5% of calcareous, vety fine grained 
sand, vety soft, cohesive, low plasticity to non plastic; Limestone, 
trace, yellowish gray (5Y 7/2), packstone, poorly cemented, vety 
soft. 

WOB=10-12K 
RPM=22 

1020-1030 10 

CLAY AND LfTTLE LIMESTONE: Clay, 90%, yellowish gray 
(SY 7/2) to pale olive (lOY 6/2), slightly calcareous, witii trace of 
fme grained calcareous sand, vety soft, low plasticity to non plastic; 
Limestone, 10%, yellowish gray (5Y 7/2), packstone, fossiliferous, 
with shell intraclasts, poorly cemented, vety soft. 

WOB=IO-I2K 
RPM=15 

1030-1050 20 
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ARCAD15 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW1 

DRILLING THICKNESS DEPTH 
INTERVAL COMMENTS LITHOLOGICAL DESCRIPTION 

LIMESTONE AND SOME CLAY (MARL): Limestone, 80%, 
yellowish gray (5Y 8/1), some pale yellowish brown (10YR 7/4), 
fossiliferous packstone, grainstone and little fine crystalline, with 
abundant shell intraclasts, very fine- to fine- grained, poorly- to 
moderately well- cemented, slightly vuggy; Clay (Marl), 20%, 
yellowish gray (5Y 7/2), calcareous, very soft, highly cohesive, non 
plastic 

WOB=10-12K 
RPM=15 

1050-1060 10 

LIMESTONE AND SOME CLAY (MARL): Limestone, 70%, pale 
yellowish brown (10YR 7/4), fossiliferous packstone, little 
yellowish gray (5Y 7/2), oolitic grainstone, abundant shell 
intraclasts, very fine grained, poorly- to moderately well- cemented, 
very soft to moderately hard, sandy, trace of vugs; Clay (Marl), 
30%, yellowish gray (5Y 7/2), calcareous, chalky, very soft, highly 
cohesive, non plastic 

WOB=10-12K 
RPM=15 

1060-1070 10 

CLAY AND LIMESTONE: Clay, 60%, pale olive (10Y 6/2), 
slightly calcareous, soft, low to medium plasticity; .Limestone, 40%, 
yellowish gray (5Y 7/2), some pale yellowish brown (10YR 7/4), 
fossiliferous packstone and grainstone, with shell intraclasts, very 
fine grained, poorly- to moderately well- cemented. 

WOB=10-12K 
RPM=15 

1070-1076 >6 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 8/1-7/2), 
bioclast grainstone, little packstone with numerous shell and coral 
intraclasts, trace of forams, moderately well- to well- cemented, 
moderately hard, vuggy. 

WOB=10-12K 
RPM=15 

1076-1090 14 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), little 
pale yellowish brown (10YR 6/2), mostly fine crystalline, dolomitic, 
some fossiliferous, calcitic packstone, little grainstone with 
occasional calcite crystals, trace of green glauconite, and numerous 
shell and coral intraclasts, moderately well cemented, moderately 
hard, vuggy. 

WOB=10-12K 
RPM=15 

1090-1120 30 

LIMESTONE: Limestone, 100%, pale yellowish brown (10YR 6/2), 
fossiliferous, biosparitic, oolitic grainstone with abundant forams 
and mollusks shell fragments and coral intraclasts, fragments to 1.5-
inch, trace microcrystalline, calcitic, fine grained, mostly poorly 
cemented, and soft, with some as sand, very vuggy to porous. 

WOB=10-12K 
RPM=15 

1120-1130 10 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2), 
biosparitic fossiliferous packstone and mudstone, with abundant 
fossils (shells and coral fragments), moderately well- to poorly-
cemented, moderately hard to soft, vuggy. 

WOB=10-12K 
RPM=15 

1130-1150 20 

LIMESTONE: Limestone, 100%, pale yellowish brown (10YR 6/2), 
biosparitic fossiliferous mudstone, little fossiliferous micrite with 
abundant fossils (shells and coral fragments), trace of 
stromatoporoid, trace of green glauconite, moderately well- to 
poorly- cemented, moderately hard to soft, vuggy. 

WOB=10-12K 
RPM=15 

1150-1170 20 

LIMESTONE: Limestone, 100%, pale yellowish brown (10YR 6/2), 
little yellowish gray (5Y 7/2), biosparitic, calcitic mudstone and 
packstone, numerous shell and coral intraclasts, moderately well 
cemented, moderately hard, vuggy. 

WOB=10-12K 
RPM=15 

1170-1200 30 
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ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

LIMESTONE AND SOME CLAY (MARL): Limestone, 80%, 
yellowish gray (SY 8/1), some pale yellowish brown (lOYR 7/4), 
fossiliferous packstone, grainstone and little fine ctystalline, with 
abundant shell intraclasts, vety fine- to fine- grained, poorly- to 
moderately well- cemented, slightly vuggy; Clay (Marl), 20%, 
yellowish gray (5Y 7/2), calcareous, vety soft, highly cohesive, non 
plastic 

WOB=10-12K 
RPM=1S 

1050-1060 10 

LIMESTONE AND SOME CLAY (MARL): Limestone, 70%, pale 
yellowish brown (lOYR 7/4), fossiliferous packstone, little 
yellowish gray (SY 7/2), oolitic grainstone, abundant shell 
intraclasts, vety fine grained, poorly- to moderately well- cemented, 
vety soft to moderately hard, sandy, trace of vugs; Clay (Marl), 
30%, yellowish gray (SY 7/2), calcareous, chalky, vety soft, highly 
cohesive, non plastic 

WOB=10-12K 
RPM=15 

1060-1070 10 

CLAY AND LIMESTONE: Clay, 60%, pale olive (lOY 6/2), 
slightly calcareous, soft, low to medium plasticify; .Limestone, 40%, 
yellowish gray (SY 7/2), some pale yellowish brown (lOYR 7/4), 
fossiliferous packstone and grainstone, with shell intraclasts, vety 
fme grained, poorly- to moderately well- cemented. 

WOB=10-12K 
RPM=15 

1070-I0T6 >6 

LIMESTONE: Limestone, 100%, yellowish gray (5Y 8/1-7/2), 
bioclast grainstone, little packstone with numerous shell and coral 
intraclasts, trace of forams, moderately well- to well- cemented, 
moderately hard, vuggy. 

WOB=10-12K 
RPM=15 

10T6-1090 14 

LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2), little 
pale yellowish brovm (lOYR 6/2), mostly fine ctystalline, dolomitic, 
some fossiliferous, calcitic packstone, littie grainstone with 
occasional calcite ctystals, trace of green glauconite, and numerous 
shell and coral intraclasts, moderately well cemented, moderately 
hard, vuggy. 

WOB=10-12K 
RPM=15 

1090-1120 30 

LIMESTONE: Limestone, 100%, pale yellowish brown (lOYR 6/2), 
fossiliferous, biosparitic, oolitic grainstone with abundant forams 
and mollusks shell fiagments and coral intraclasts, fiagments to 1.5-
inch, trace microctystalline, calcitic, fine grained, mostly poorly 
cemented, and soft, with some as sand, vety vuggy to porous. 

WOB=10-12K 
RPM=1S 

1120-1130 10 

LIMESTONE: Limestone, 100%, yellowish gray (SY 7/2), 
biosparitic fossiliferous packstone and mudstone, with abundant 
fossils (shells and coral fiagments), moderately well- to poorly-
cemented, moderately hard to soft, vuggy. 

WOB=10-12K 
RPM=1S 

1130-1150 20 

LIMESTONE: Limestone, 100%, pale yellowish brown (lOYR 6/2), 
biosparitic fossiliferous mudstone, little fossiliferous micrite with 
abundant fossils (shells and coral fiagments), trace of 
stromatoporoid, trace of green glauconite, moderately well- to 
pooriy- cemented, moderately hard to soft, vuggy. 

WOB=10-12K 
RPM=15 

1150-1 ITO 20 

LIMESTONE: Limestone, 100%, pale yellowish brown (lOYR 6/2), 
little yellowish gray (SY 7/2), biosparitic, calcitic mudstone and 
packstone, numerous shell and coral intraclasts, moderately well 
cemented, moderately hard, vuggy. 

WOB=10-I2K 
RPM=15 

llTO-1200 30 
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(0, ARCAD1S 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW1 

LITHOLOGICAL DESCRIPTION 
DRILLING DEPTH 

INTERVAL 
THICKNESS 

COMMENTS 

CALCAREOUS SAND: Sand, 90%, light olive gray (5Y 5/2), 
calcareous, with forams and fossils fragments, very fine- to medium- 
grained, 10% limestone fragments to 5 mm, mudstone and 
biosparitic packstone, numerous shell and coral intraclasts, poorly 
cemented, very soft to soft. 

WOB=10-12K 
RPM=15 

1200-1210 10 

LIMESTONE: Limestone, 100%, pale yellowish brown (10YR 6/2), 
biosparitic, calcitic mudstone and packstone, numerous shell and 
coral intraclasts, trace of light gray (N7), fine crystalline, 
dolomitic, poorly- to moderately well- cemented, very soft to 
moderately hard, up to 50% in form of calcareous sand, vuggy. 

WOB=10-12K 
RPM=15 

1210-1250 40 

LIMESTONE: Limestone, 100%, pale yellowish brown (10YR 6/2), 
biosparitic, calcitic mudstone and packstone, little grainstone, 
numerous shell and coral intraclasts, moderately well cemented, 
moderately hard, vuggy. 

WOB=10-12K 
RPM=15 

1250-1270 20 

LIMESTONE AND LITTLE DOLOSTONE; Limestone, 90%, pale 
yellowish brown (10YR 6/2), some yellowish gray (5Y 7/2), oolitic 
grainstone and packstone, very fossiliferous with numerous shells 
(mostly fragments and shell intraclasts to 5mm), slightly dolomitic 
and calcitic, moderately well cemented, moderately hard, very 
vuggy to porous; Dolostone, 10%, yellowish gray (5Y 7/2), fine 
crystalline, slightly vuggy, well cemented, hard. 

WOB=10-12K 
RPM=15 

1270-1290 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, light 
olive gray (5Y 3/2), microcrystalline, moderately hard to hard; 
Limestone, 20%, yellowish gray (5Y 7/2), fine crystalline, trace of 
fossils (shell intraclasts), moderately hard, slightly vuggy; Chert, 
trace, olive gray (5Y 3/2), very hard. 

WOB=8-12K 
RPM=25 

1290-1300 10 

DOLOSTONE: Dolostone, 100%, yellowish gray (5Y 7/2), micro- 
to fine- crystalline, moderately hard, slightly vuggy; Limestone, 
trace, oolitic grainstone, very fine- to fine- grained, poorly 
cemented, ve5 soft to soft, mostly in form of calcareous sand. 

WOB=8-12K 
RPM=25 

1300-1310 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, 
medium gray (N5), microcrystalline, moderately hard to hard; 
Limestone, 20%, yellowish gray (5Y 7/2), fine crystalline, trace of 
fossils (shell intraclasts), moderately hard, slightly vuggy; Chert, 
trace, olive way (5Y 3/2), very hard. 

WOB=8-12K 
RPM=25 

1310-1320 10 

LIMESTONE AND DOLOSTONE; Limestone, 60%, pale 
yellowish brown (10YR 6/2), little yellowish gray (5Y 7/2), 
grainstone and packstone, very fossiliferous with numerous shell 
intraclasts, poorly- to moderately well- cemented, soft to moderately 
hard, slightly vuggy; Dolostone, 40%, pale yellowish brown (10YR 
6/2), fine crystalline, slightly vuggy, well cemented, hard. 

WOB=8-12K 
RPM=25 

1320-1340 20 

DOLOSTONE AND LITTLE LIMESTONE; Dolostone, 90%, very 
light gray (N8) to light gray (N7), fine- to micro- crystalline, 
moderately hard, slightly vuggy; Limestone, 10%, yellowish gray 
(5Y 7/2), little pale yellowish brown (10YR 6/2), oolitic grainstone, 
very fine- to fine- grained, poorly cemented, very soft to soft, mostly 
in form of calcareous sand. 

WOB=8-12K 
RPM=25 

1340-1350 10 
. 
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s GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

CALCAREOUS SAND: Sand, 90%, light olive gray (SY 5/2), 
calcareous, with forams and fossils fia^ents, vety fine- to medium-
grained, 10% limestone fiagments to 5 mm, mudstone and 
biosparitic packstone, numerous shell and coral intraclasts, poorly 
cemented, very soft to soft. 

WOB=10-12K 
RPM=15 

1200-1210 10 

LIMESTONE: Limestone, 100%, pale yellowish brown (lOYR 6/2), 
biosparitic, calcitic mudstone and packstone, numerous shell and 
coral intraclasts, trace of light gray (NT), fine ctystalline, 
dolomitic, poorly- to moderately well- cemented, vety soft to 
moderately hard, up to 50% in form of calcareous sand, vuggy. 

WOB=10-12K 
RPM=15 

1210-1250 40 

LIMESTONE: Limestone, 100%, pale yellowish brown (lOYR 6/2), 
biosparitic, calcitic mudstone and packstone, little grainstone, 
numerous shell and coral intraclasts, moderately well cemented, 
moderately hard, vuggy. 

WOB=10-12K 
RPM=15 

1250-12T0 20 

LIMESTONE AND LITTLE DOLOSTONE; Limestone, 90%, pale 
yellowish brown (lOYR 6/2), some yellowish gray (SY T/2), oolitic 
grainstone and packstone, vety fossiliferous with numerous shells 
(mostly fiagments and shell intraclasts to Smm), slightly dolomitic 
and calcitic, moderately well cemented, moderately hard, vety 
vuggy to porous; Dolostone, 10%, yellowish gray (SY T/2), fme 
crystalline, slightly vuggy, well cemented, hard. 

WOB=10-12K 
RPM=1S 

12T0-1290 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, light 
olive gray (SY 3/2), microctystalline, moderately hard to hard; 
Limestone, 20%, yellowish gray (SY T/2), fine ctystalline, trace of 
fossils (shell intraclasts), moderately hard, slightly vuggy; Chert, 
trace, olive gray (SY 3/2), very hard. 

WOB=8-I2K 
RPM=25 

1290-1300 10 

DOLOSTONE: Dolostone, 100%, yellowish gray (SY T/2), micro-
to fine- Ctystalline, moderately hard, slightly vuggy; Limestone, 
trace, oolitic grainstone, vety fme- to fine- grained, poorly 
cemented, very soft to soft, mostly in form of calcareous sand. 

WOB=8-12K 
RPM=25 

1300-1310 10 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, 
medium gray (NS), microctystalline, moderately hard to hard; 
Limestone, 20%, yellowish gray (SY T/2), fine ctystalline, trace of 
fossils (shell intraclasts), moderately hard, slightly vuggy; Chert, 
trace, olive gray (SY 3/2), very hard. 

WOB=8-12K 
RPM=2S 

1310-1320 10 

LIMESTONE AND DOLOSTONE; Limestone, 60%, pale 
yellowish brown (lOYR 6/2), little yellowish gray (5Y T/2), 
grainstone and packstone, vety fossiliferous with numerous shell 
intraclasts, poorly- to moderately well- cemented, soft to moderately 
hard, slightly vuggy; Dolostone, 40%, pale yellowish brown (lOYR 
6/2), fine crystalline, slightly vuggy, well cemented, hard. 

WOB=8-12K 
RPM=25 

1320-1340 20 

DOLOSTONE AND LITTLE LIMESTONE; Dolostone, 90%, vety 
light gray (NS) to light gray (NT), fme- to micro- ctystalline, 
moderately hard, slightly vuggy; Limestone, 10%, yellowish gray 
(SY T/2), little pale yellowish brown (lOYR 6/2), oolitic grainstone, 
vety fine- to fine- grained, poorly cemented, vety soft to soft, mostly 
in form of calcareous sand. 

WOB=8-12K 
RPM=25 

1340-1350 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo VVT'D Injection Well System 
Monitor Well MW1 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

MARL AND SOME CALCAREOUS SAND: Marl, 70%, pale 
yellowish brown (10YR 4/2), moderately hard, non-plastic; Sand, 
30%, yellowish gray (5Y 7/2), calcareous, fine to medium gained, 
product of disintegrated oolitic limestone. 

WOB=5-10K 
RPM =21 

1350-1360 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), little 
pale yellowish brown (10YR 6/2), oolitic grainstone, very fine- to 
fine- grained, poorly cemented, very soft to soft, mostly in form of 
calcareous sand. 

WOB=5-10K 
RPM =21 

1360-1370 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 8/1), oolitic 
grainstone, some fine crystalline, trace of fossils (shell fragments), 
very fine- to fine- grained, moderately well cemented, moderately 
hard, soft, slightly vuggy; Dolostone, trace, light gray (N7) to 
medium gray (N6), microcrystalline, moderately well cemented, 
moderately hard. 

WOB=5-10K 
RPM =21 

1370-1380 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, fine grained, with trace of fossils, very soft to soft, 
poorly cemented, mostly (up to 60%) in a form of calcareous sand, 
vuggy; Dolostone, trace, light gray (N7) to medium gray (N6), 
microcrystalline, moderately well cemented, moderately hard. 

WOB=5-10K 
RPM =21 

1380-1420 40 

CALCAREOUS SAND; Sand, 100%, moderate yellowish brown 
(10YR 5/4), product of poorly cemented, weathered oolitic 
limestone, trace of forams and trace of shell fragments, calcitic, 
fine- to medium- grained, few fragments to 10 mm. 

WOB=5-10K 
RPM=21 

1420-1450 30 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, trace of fossils, trace of phosphate, very fine- to fine- 
grained, poorly- to moderately- well cemented, very soft to soft, 
mostly in a form of calcareous sand, few fragments tol 0 mm; 
Dolostone, trace, light gray (N7), fine crystalline, moderately hard. 

WOB=5-10K 
RPM=21 

1450-1470 20 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), oolitic grainstone, trace of phosphate, fine 
grained, moderately well cemented, moderately hard to soft; 
Dolostone, 30%, light gray (N7) to medium gray(N5), fine- and 
micro- crystalline, hard. 

WOB=7-12K 
RPM 22 

1470-1480 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (5Y 7/2), 
product of poorly cemented, weathered oolitic limestone, very fine- 
to medium- grained, few fragments to 10 mm. 

WOB=7-12K 
RPM=22 

1480-1530 50 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 8/1-7/2), 
oolitic grainstone, very fine- to fine- grained, moderately well 
cemented, moderately hard, slightly vuggy, soft. 

WOB=7-12K 
RPM=22 

1530-1540 10 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), oolitic 
grainstone, very fine- to fine- grained, poorly- to moderately- well 
cemented, very soft to moderately hard, up to 40% in form of 
calcareous sand, fragments tol 0 mm. 

WOB=7-12K 
RPM=22 

1540-1560 20 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), 
packstone, some grainstone, with trace of fossils (shell fragments), 
very fine- to fine- grained, moderately well cemented, moderately 
hard, , more competent than above, up to 10% in form of calcareous 
sand. 

WOB=15K 
RPM=15 

1560-1620 60 
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i ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

MARL AND SOME CALCAREOUS SAND: Marl, T0%, pale 
yellowish brown (lOYR 4/2), moderately hard, non-plastic; Sand, 
30%, yellowish gray (SY T/2), calcareous, fine to medium gained, 
product of disintegrated oolitic limestone. 

WOB=5-IOK 
RPM=21 

1350-1360 10 

LIMESTONE; Limestone, 100%, yellowish gray (SY T/2), little 
pale yellowish brown (lOYR 6/2), oolitic grainstone, vety fine- to 
fine- grained, poorly cemented, vety soft to soft, mostiy in form of 
calcareous sand. 

WOB=S-10K 
RPM=21 

1360-1370 10 

LIMESTONE; Limestone, 100%, yellowish gray (SY 8/1), oolitic 
grainstone, some fine ctystalline, trace of fossils (shell fiagments), 
vety fine- to fine- grained, moderately well cemented, moderately 
hard, soft, slightly vuggy; Dolostone, trace, light gray (NT) to 
medium gray (N6), microctystalline, moderately well cemented, 
moderately hard. 

WOB=S-10K 
RPM=21 

1370-1380 10 

LIMESTONE; Limestone, 100%, yellowish gray (SY T/2), oolitic 
grainstone, fine grained, with trace of fossils, vety soft to soft, 
poorly cemented, mostly (up to 60%) in a form of calcareous sand, 
vuggy; Dolostone, trace, l i ^ t gray (NT) to medium gray (N6), 
microcrystalline, moderately well cemented, moderately hard. 

WOB=S-10K 
RPM=21 

1380-1420 40 

CALCAREOUS SAND; Sand, 100%, moderate yellowish brown 
(lOYR 5/4), product of poorly cemented, weathered oolitic 
limestone, trace of forams and trace of shell fiagments, calcitic, 
fine- to medium- grained, few fiagments to 10 mm. 

WOB=5-10K 
RPM=21 

1420-1450 30 

LIMESTONE; Limestone, 100%, yellowish gray (SY T/2), oolitic 
grainstone, trace of fossils, trace of phosphate, vety fine- to fine
grained, poorly- to moderately- well cemented, vety soft to soft, 
mostly in a form of calcareous sand, few fiagments to 10 mm; 
Dolostone, trace, light gray (NT), fme crystalline, moderately hard. 

WOB=5-10K 
RPM=21 

1450-1470 20 

LIMESTONE AND SOME DOLOSTONE: Limestone, T0%, 
yellowish gray (SY T/2), oolitic grainstone, trace of phosphate, fine 
grained, moderately well cemented, moderately hard to soft; 
Dolostone, 30%, light gray (NT) to medium gray(N5), fine- and 
micro- crystalline, hard. 

WOB=7-12K 
RPM=22 

1470-1480 10 

CALCAREOUS SAND; Sand, 100%, yellowish gray (SY T/2), 
product of poorly cemented, weathered oolitic limestone, vety fine-
to medium- grained, few fragments to 10 mm. 

WOB=7-l2K 
RPM=22 

1480-1530 SO 

LIMESTONE; Limestone, 100%, yellowish gray (SY 8/1-T/2), 
oolitic grainstone, vety fine- to fme- grained, moderately well 
cemented, moderately hard, slightly vuggy, soft. 

WOB=7-12K 
RPM=22 

1530-1540 10 

LIMESTONE; Limestone, 100%, yellowish gray (SY 7/2), oolitic 
grainstone, vety fine- to fine- grained, poorly- to moderately- well 
cemented, vety soft to moderately hard, up to 40% in form of 
calcareous sand, fiagments to 10 mm. 

WOB=7-12K 
RPM=22 

1540-1560 20 

LIMESTONE; Limestone, 100%, yellowish gray (SY 7/2), 
packstone, some grainstone, with trace of fossils (shell fiagments), 
vety fine- to fine- grained, moderately well cemented, moderately 
hard,, more competent than above, up to 10% in form of calcareous 
sand. 

W0B=1SK 
RPM=15 

1560-1620 60 
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,W(Trr' A np  CA D S 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MWI 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

LIMESTONE; Limestone, 100%, yellowish gray (5Y 7/2), little 
pale yellowish brown (10YR 6/2), grainstone, trace of fossils (shall 
fragments), very fine- to fine- grained, vuggy, poorly-to moderately 
well-cemented, very soft to moderately hard, up to 30% in a form of 
calcareous sand. 

WOB=15K 
RPM=15 

1620-1630 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), packstone, some grainstone, trace of fossils 
and trace of phosphate, fine grained, poorly- to moderately well-
cemented, very soft to moderately well-cemented; Dolostone, 10%, 
pale yellowish brown (10YR 6/2), trace of medium gray (N5), fine-
and micro- crystalline, hard; up to 30% in a form of calcareous and 
dolomitic sand. 

WOB=15K 
RPM=15 

1630-1660 30 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), some pale yellowish brown (10YR 6/2), 
packstone, some grainstone, trace of fossils and trace of phosphate, 
fine grained, poorly- to moderately well- cemented, soft to 
moderately hard; Dolostone, 30%, pale yellowish brown (10YR 
6/2), fine- and micro- crystalline, hard. 

WOB=15K 
RPM=15 

1660-1670 10 

LIMESTONE AND DOLOSTONE: Limestone, 50%, yellowish 
gray (5Y 7/2), packstone and some grainstone, partly dolomitic, fine 
crystalline, trace of fossils (shell fragments), trace of phosphate, 
moderately well- to poorly- cemented, moderately hard to very soft; 
Dolostone, 50%, pale yellowish brown (10YR 6/2), 
microcrystalline, soft to moderately hard, vuggy; up to 40% of 
calcareous and dolomitic sand. 

WOB=15K 
RPM=15 

1670-1690 20 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), packstone and grainstone, slightly 
dolomitic, fine grained to fine crystalline, trace of fossils (shell 
fragments), trace of phosphate, moderately well- cemented, 
moderately hard to soft, up to 10% in a form of calcareous sand; 
Dolostone, 10%, pale yellowish brown (10YR 6/2), 
microcrystalline, hard. 

WOB=15K 
RPM=15 

1690-1700 10 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), dolomitic, fine crystalline, trace of oolitic 
grainstone, trace of phosphate, moderately well cemented, 
moderately hard, brittle; Dolostone, 30%, pale yellowish brown 
(10YR 6/2) to olive gray (5Y 3/2), fine- and micro- crystalline, with 
calcareous intraclasts, hard. 

WOB=10-12K 
RPM=21 

1700-1710 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (5Y 7/2), mostly oolitic grainstone, some packstone 
and fine crystalline, trace of fossils (shell fragments), trace of 
phosphate, moderately well- to poorly-cemented, moderately hard to 
soft, up to 20% in a form of calcareous sand; Dolostone, 10%, light 
olive gray (5Y 5/2) little pale yellowish brown (10YR 6/2), 
microcrystalline, hard. 

WOB=10-12K 
RPM=21 

1710-1720 10 
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i ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

LITHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

LIMESTONE; Limestone, 100%, yellowish gray (SY 7/2), little 
pale yellowish brown (lOYR 6/2), grainstone, trace of fossils (shall 
fiagments), vety fine- to fine- grained, vuggy, poorly-to moderately 
well-cemented, vety soft to mcxierately hard, up to 30% in a form of 
calcareous sand. 

W0B=15K 
RPM=15 

1620-1630 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (SY 7/2), packstone, some grainstone, trace of fossils 
and trace of phosphate, fine grained, poorly- to moderately well-
cemented, vety soft to moderately well-cemented; Dolostone, 10%, 
pale yellowish brown (lOYR 6/2), trace of medium gray (NS), fine-
and micro- ctystalline, hard; up to 30% in a form of calcareous and 
dolomitic sand. 

WOB=lSK 
RPM=1S 

1630-1660 30 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (SY 7/2), some pale yellowish brown (lOYR 6/2), 
packstone, some grainstone, trace of fossils and trace of phosphate, 
fine grained, poorly- to moderately well- cemented, soft to 
moderately hard; Dolostone, 30%, pale yellowish brown (lOYR 
6/2), fine- and micro- crystalline, hard. 

WOB=15K 
RPM=15 

1660-1670 10 

LIMESTONE AND DOLOSTONE: Limestone, 50%, yellowish 
gray (SY 7/2), packstone and some grainstone, partly dolomitic, fine 
Ctystalline, trace of fossils (shell fiagments), trace of phosphate, 
moderately well- to poorly- cemented, moderately hard to vety soft; 
Dolostone, 50%, pale yellowish brown (lOYR 6/2), 
microctystalline, soft to moderately hard, vuggy; up to 40% of 
calcareous and dolomitic sand. 

WOB=15K 
RPM=1S 

1670-1690 20 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (SY 7/2), packstone and grainstone, slightly 
dolomitic, fine grained to fine ctystalline, trace of fossils (shell 
fiagments), trace of phosphate, moderately well- cemented, 
moderately hard to soft, up to 10% in a form of calcareous sand; 
Dolostone, 10%, pale yellowish brown (lOYR 6/2), 
microcrystalline, hard. 

W0B=1SK 
RPM=15 

1690-1TOO 10 

LIMESTONE AND SOME IX)LOSTONE: Limestone, 70%, 
yellowish gray (SY 7/2), dolomitic, fine ctystalline, trace of oolitic 
grainstone, trace of phosphate, moderately well cemented, 
moderately hard, brittle; Dolostone, 30%, pale yellowish brown 
(lOYR 6/2) to olive gray (SY 3/2), fine- and micro- ctystalline, with 
calcareous intraclasts, hard. 

WOB=10.12K 
RPM=21 

ITOO-ITIO 10 

LIMESTONE AND LITTLE DOLOSTONE: Limestone, 90%, 
yellowish gray (SY 7/2), mostly oolitic grainstone, some packstone 
and fine ctystalline, trace of fossils (shell fragments), trace of 
phosphate, moderately well- to poorly-cemented, moderately hard to 
soft, up to 20% in a form of calcareous sand; Dolostone, 10%, light 
olive gray (SY 5/2) little pale yellowish brown (lOYR 6/2), 
microcrystalline, hard. 

WOB=10-12K 
RPM=21 

1T10-1T20 10 
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ARCADIS 
GEOLOGIC LOG 

Key Largo WTD Injection Well System 
Monitor Well MW1 

LITHOLOGICAL DESCRIPTION 
DRILLING THICKNESS DEPTH 

INTERVAL COMMENTS 

LIMESTONE AND SOME DOLOSTONE: Limestone, 70%, 
yellowish gray (5Y 7/2), dolomitic, fine crystalline, trace of oolitic 
grainstone, trace of fossils and phosphate, moderately well 
cemented, moderately hard, brittle; Dolostone, 30%, pale yellowish 
brown (10YR 6/2) to olive gray (5Y 3/2), fine- and micro-
crystalline, with calcareous intraclasts, hard. 

WOB=20-22K 
RPM=21 

1720-1740 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, pale 
yellowish brown (10YR 6/2), some olive gray (5Y 3/2), micro- to 
fine-crystalline, with calcareous intraclasts, hard to very hard, 
slightly vuggy; Limestone, 20%, yellowish gray (5Y 7/2), partly 
dolomitic, fine crystalline, some oolitic grainstone, moderately well-
to poorly- cemented, moderately hard to soft, trace of calcareous 
sand; 

WOB=20-22K 
RPM=21 

1740-1750 10 

i 
LIMESTONE AND DOLOSTONE: Limestone, 50%, yellowish 
gray (5Y 8/1-7/2), dolomitic, packstone, fine crystalline, moderately 
well cemented, moderately hard, trace of calcareous sand; 
Dolostone, 50%, pale yellowish brown (10YR 6/2), little olive gray 
(5Y 3/2), microcrystalline, hard to very hard, vuggy. 

WOB=20-22K 
RPM=21 

1750-1755 5 
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ARCADIS GEOLOGIC LOG 
Key Largo WTD Injection WeU System 

Monitor WeU MWI 

UTHOLOGICAL DESCRIPTION 
DRILLING 

COMMENTS 
DEPTH 

INTERVAL 
THICKNESS 

LIMESTONE AND SOME DOLOSTONE: Limestone, T0%, 
yellowish gray (SY T/2), dolomitic, fme ctystalline, trace of oolitic 
grainstone, trace of fossils and phosphate, moderately well 
cemented, moderately hard, brittle; Dolostone, 30%, pale yellowish 
brown (lOYR 6/2) to olive gray (5Y 3/2), fme- and micro-
crystalline, with calcareous intraclasts, hard. 

WOB=20-22K 
RPM=21 

1T20-1T40 20 

DOLOSTONE AND SOME LIMESTONE: Dolostone, 80%, pale 
yellowish brown (lOYR 6/2), some olive gray (SY 3/2), micro- to 
fine-ctystalline, with calcareous intraclasts, hard to vety hard, 
slightly vuggy; Limestone, 20%, yellowish gray (SY 7/2), partly 
dolomitic, fine ctystalline, some oolitic grainstone, moderately well-
to poorly- cemented, moderately hard to soft, trace of calcareous 
sand; 

WOB=20-22K 
RPM=21 

1T40-1TS0 10 

LIMESTONE AND DOLOSTONE: Limestone, 50%, yellowish 
gray (SY 8/1-T/2), dolomitic, packstone, fine Ctystalline, moderately 
well cemented, moderately hard, trace of calcareous sand; 
Dolostone, 50%, pale yellowish brown (lOYR 6/2), little olive gray 
(SY 3/2), microcrystalline, hard to very hard, vuggy. 

WOB=20-22K 
RPM=21 

1T50-1T55 5 
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ARCAD1S 
Core Lab. Samples 

KLWTD Injection Well System 
Key Largo, Florida 

Injection Well NV1 
Core Laboratory Samples Summary 

Core Number Cored Interval (feet bpl) 
Length 

of Interval 
Cored (feet) 

Total Length 
of the Retrieved Core 

lfeet) 

Percent of 
Recovery 

(%) 

Core Sample Interval 
(feet bpi) 

Core Sample 
Length 
(feet) 

Description 

1 1729-1745 16 8.0 50.0 

1729.7-1730.2 0.50 Ls, solid, v. sl. vuggy 

1733.3-1734.55 1.25 DIs. massive, trace of vugs. 

1736.1-1737.0 0.90 Dls. massive, trace of vugs. 

2 1858-1873 15 13.3 80.0 

1859.5-1860.35 0.85 Ls, solid, v. sl. vuggy 

1862.4-1863.0 0.60 Ls, massive 

1868.45-1869.2 0.75 DIs. massive, trace of vugs. 

3 1980-1995 15 13.3 89 

1982.85-1983.8 0.95 ,Ls, solid, v. sl. vuggy 

1987.85-1988.5 0.65 DIs. massive, trace of vugs. 

1990.4-1991.3 0.90 Ls, massive, hard 

4 2100-2116 16 13.9 87.0 

2102.55-2103.5 0.95 Ls, massive, hard 

2107.15-2107.8 0.65 DIs/Ls, massive, hard 

2110.9-2111.65 0.75 Ls, solid, sl. vuggy 

6 2182-2197 15 14.3 95 

2182.35-2182.95 0.60 Ls, massive, hard 

2187.55-2188.2 0.65 Dls. massive, 

2191.25-2191.8 0.55 Ls, dolomitic, massive 

tor denotes below pad level' 

pad level is 4 0 feet below rig floor 

Core Barrel w 6 75 inches outside diameter (4-Inch inside diameter) 
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Core Lab. Samples 
KLWTD Injection Vttoll System 

Key Largo, Florida 

Injection Well IWI 
Core Laboratory Samples Summaiy 

Core Number Cored Interval (leet bpl) 
Length 

of Interval 
Cored (feet) 

Total Length 
of the Retrieved Cora 

(feet) 

Percent of 
Recovery 

t») 
Core Sample Interval 

(leet bpl) 

Core Sample 
Length 
(Itoet) 

Description 

1729.7-1730.2 0.50 Ls, solid, V. Si. vuggy 

1 1729-1745 16 8.0 50.0 1733.3-1734.55 1.25 DIs. massive, trace of vugs. 

1736.1-1737.0 0.90 •Is. massive, trace of vugs. 

1859.5-1860.35 0.85 Ls, solid, V. si. vuggy 

2 1858-1873 15 13.3 80.0 1862.4-1863.0 0.60 Ls, massive 

1868.45-1869.2 0.75 DIs. massive, trace of vugs. 

1982.85-1983.8 0.95 Ls, solid, V. si. vuggy 

3 1980-1995 IS 13.3 89 1987.85-1988.5 0.65 DIs. massive, trace of vugs. 

1990.4-1991.3 0.90 Ls, massive, ttard 

2102.55-2103.5 0.95 Ls, massive, hard 

4 2100-2116 16 13.9 87.0 2107.15-2107.8 0.65 DIs/Ls, massive, fiard 

2110.9-2111.65 0.75 Ls, solid, si. vuggy 

2182.35-2182.95 0.60 Ls, massive, hard 

6 2182-2197 15 14.3 95 2187.55-2188.2 0.65 DIs. massive. 

2191.25-2191.8 0.55 Ls, dolomitic, massive 

*bpr denotes ttetow pad lever 
pad level is 4 0 feet below rig fbor 
Core Barrel is 6 75 inches outside diameter (44nch inside diameter) 
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rn ARCAD1S 
CORE LOG SUMMARY 

Key Largo WTD Injection Well System 

Key Largo, Florida 
Injection Well IW1 

Core Sample No. 1 

Total Depth Drilled: 18 feet Date: 12/19f2008 
Core Barrel Length: 30 feet Sampling Interval: 1729-1745 ft bpi 
Core Barrel Diameter ID: 4-inches Hole Diameter: 8 inches 
Drilling Fluid Used: water Recovery 4%1: 50 

Depth 
Oct bpi) 

Interval 
Length 

(feet) 

WOB 

x 1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(Min/ft) 

Core Description 
From I To 

1729 1730 0 1 6 13 1-13 6 24-50 6.0 
1729 0-1731 0 LIMESTONE, Limestone,100%, yellowish gray (5Y 7/2) to light olive gray (5Y 512), mudstorie, 
dolomitic, very tine- to fine grained, some fine crystalline, with trace of fossils and trace of phosphate, with 
Irregular, horizontal laminas of darker material, slightly vuggy, moderately well cemented, moderately hard 

1730 0 1731 0 1 3.3-51 13 2-13.5 24-50 18 0 

1731.0 1732 0 1 3 2-4.2 12 9-13 3 39-51 15 0 
1731 0-1732 5 LIMETSTONE; Limestone, 100%, yellowish grey (5Y 8/1-712), grahstone, very slightly 
dolomitic very fine grained, moderately well- to poorly- cemented, moderately hard to soft. 
1732 5-1733 2 LIMESTONE, Limestone, 100%, same as 1729-1731 but more vuggy to porous at the bottom. 

1732 0 1733 0 1 2251 13-134 29-52 100 

1733 0 1734 0 1 1-44 13 1-13 4 34-57 80 

1732 5-1733 2. DOLOSTONE, Dolostone. 100%, yellowish gray (5Y 7/2) to light olive gray (5Y 8/1), fine 
crystalline, with irregular pockets of calcareous material in the bottom 1 5 foot, very hard, massive. with 
scattered small, shallow rugs 

1734 0 1735 0 1 0.5-4 2 13.2-13.4 41-81 13 0 

1735 0 1736 0 1 0 5-51 13.1-13 5 37-82 13 0 

1738 0 1737 0 1 1.1-5.5 12.0-13 5 37-101 14 0 

1737 0 1738 0 1 0 9-5.2 13.5 42-82 15 0 

1738.0 1739 0 1 0 8-5.1 131-13 4 38-79 7 0 

1739 0 1740 0 1 6 2 13 3 37-82 29 0 

1740 0 1741 0 1 435 5 13.1-13.4 33-42 49 0 

1741 0 1742 0 1 2 8-4 4 12 8-13 5 28-40 18.0 

1742 0 1743 0 1 ft 1 13.2-13.4 27-37 63.0 

1743 0 1744 0 1 44 12 9-13 3 32-38 350 

1744.0 1745 0 1 3 8 13 3 30-34 22 0 

Total Cared (feet): 160 

  

"bre denotes below pad level 
RPM" denotes rate per minute of coring barrel 
1N08' denotes weight on coring barrel 
lbir denotes pounds 

0 LAProjectlAWRWF PROJECTS11581:00-1(EY LARGO IWIllnisellan Well1Consbuctlon OversighlYWI DaffiCares1Core Ossawbana a Andras FteporbACorsIMCors 0 1 xhACorellt deacrlption 

i ARCADIS 
Injection Well IWI 

Core Sample No. 1 

CORE LOG SUMMARY 
Key Largo WTD Injection Well System 

Key Largo, Florida 

Total Depth Drilled: 16 feel Date: i2/ieaoo8 
Core Barrel L.engtti: 30 leet Sampling Interval: 1729-1745 ft lipl 
Core Bane) Diameter ID: t^inches Hole Diameter. 8 Inches 
DrIIUng Fluid Used: water Recovery (%): 50 

Depth 
(feet bpl) 

Interval 
Length 

WOB RPM Pressure ROP 
Core Dsscflptlon 

From To (feet) X 1000 lbs (PSI) (min/ft) 

1729 1730 0 6 131-136 24-50 6.0 
1728 0-1731 0 LIMESTONE, Limestone, 100%, yellowish gray (5Y 7/2) to light olive gray (5Y 5/2), mudstone, 
dolomitic, very fine- to fine grained, some fine crystalline, with trace of fossils and trace of ptiosptiate, with 

1730 0 1731 0 3.3-5 1 13 2-13.5 24-50 16 0 
Irregular, horizontal laminas of daiker material, slightly vuggy, moderately well cemented, moderately hard 

1731.0 1732 0 3 2^.2 12 9-13 3 3&.51 150 
1731 0-1732 5 LIMETSTONE; Umeatone, 100%, yellowish gray (5Y 8/1-7/2), grainstone, very slightly 
dolomitic, very fine grained, moderately well- to poorly- cemented, moderately tiard to soft 

1732 0 1733 0 1 22-51 13-134 29-S2 100 
1732 5-1733 2 LIMESTONE, Limestone, 100%, same as 1729-1731 but more vuggy to porous at the bottom. 

1733 0 1734 0 1 1-44 131-13 4 34-57 8 0 

1734 0 1735 0 1 0.5-42 13.2-13.4 41.61 13 0 

1735 0 1736 0 1 05-51 111-13 5 37-62 130 

1736 0 1737 0 1 1.1-5.5 12.9-13 5 37-101 14 0 

1737 0 1738 0 1 0 9.5.2 13.5 42-82 150 

1738.0 17390 1 OB-5.1 131-134 36-79 70 1732 5-1733 2. DOLOSTONE, Dolostone, 100%, yellowish gray (5Y 7/2) to light oilve gray (SY 6/1), fine 
crystalline, with Inegular podcets of calcareous matenal In the bottom 1 5 fbol, very hard, masdve, wilh 
scattered small, shaOow vugs 1739 0 1740 0 1 6 2 133 37-82 290 

1732 5-1733 2. DOLOSTONE, Dolostone, 100%, yellowish gray (5Y 7/2) to light oilve gray (SY 6/1), fine 
crystalline, with Inegular podcets of calcareous matenal In the bottom 1 5 fbol, very hard, masdve, wilh 
scattered small, shaOow vugs 

1740 0 1741 0 1 43-55 13.1-13.4 33-42 49 0 

1741 0 1742 0 1 28-44 12 8-13 5 28-40 18.0 

1742 0 1743 0 1 6 1 13.2-13.4 27-37 63.0 

1743 0 1744 0 1 4 4 12 9-13 3 32-36 350 

1744.0 17450 1 38 13 3 30.34 220 
Total Cored (feel): 16.0 

Dpr denotes below pad level 
l^PM" denotes rate per minute of coring ban^ 
"WOB" denotes weight on coring t>arr6t 
lbs" denotes pounds 
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ARCADIS 

Injection Well IW1 
Core Sample No. 1 

CORE INVENTORY 

Key Largo INTO Injection Well System 
Key Largo, Florida 

Total Depth Drilled: 16 feet Date: 1/12/2009 
Core Barrel Length: 30 feet Sampling Interval: 1729-1737 ft bpl 
Core Barrel Diameter ID: 4-inches Hole Diameter: 8 inches 
Drilling Fluid Used: water Recovery (%): 50 

Depth 
Sfeet bpi) 

Interval 
Length 

feet 
Core Description 

From 1 To 
1729.00 - 1729.15 0.15 Limestone fragments up to 1". 

1729.15 1729.55 0.40 Limestone solid but vuggy to very vuggy, partly poorly cemented. 
1729.55 1729.70 0.15 Same as above, uneven fragment 

1729.70 1730.20 0.50 Limestone, solid, hard, very slightly vuggy. 
1730.20 1730.50 0.30 Same as above, uneven fragment. 
1730.50 1730.65 0.15 Limestone fragments 1-1.5-inch. 
1730.65 1730.90 0.25 Limestone, solid, hard, very slightly vuggy, softer and grainy on top. 

1730.90 1731.80 0.90 Limestone, 3-4 inch uneven fragments. 
1731.80 1732.20 0.40 Limestone, solid, vuggy, uneven cut. 
1732.20 1732.40 0.20 Limestone, irregular fragment. 
1732.40 1732.80 0.40 Limestone, solid, moderately hard, slightly vuggy. 

1732.80 1733.20 0.40 Limestone, hard, solid but very vuggy to porous. 
1733.20 1733.30 0.20 Limestone fragments 1-1.5-inch. 

1733.30 1734.55 1.15 Dolostone, solid, massive, very hard, very slightly vuggy. 
1734.55 1735.40 0.90 Dolostone, same as above , but vuggy. 
1735.40 1736.10 0.70 Dolostone, solid, with calcareous irregular inserts, vuggy to very vuggy. 

1736.10 1737.00 0.90 Dolostone, same as above , with some shallow vugs. 

Total Core Length (feet): 8.1 
"bpr denotes below pad level 
Sections in bold were selected for lab. analyses. 

GAAProjectsUNRUNF PROJECTS156000-KEY LARGO IWITInal Construction 8 Testing ReportAppendices \Core 0 1 ids 

ARCADIS 

Injection Well IW1 
Core Sample No. 1 

CORE INVENTORY 

Key Largo WTD Injection Well System 
Key Largo, Florida 

Total Depth Drilled: 16 feet Date: 1/12/2009 
Core Barrel Length: 30 feet Sampling Interval: 1729-1737 ft bpl 
Core Barrel Diameter ID: 4-inches Hole Diameter: 8 inches 
Drilling Fluid Used: water Recovery (%): SO 

Depth 
(feet bpl) 

Interval 
Length 

feet 
Core Description 

From To 

Interval 
Length 

feet 
Core Description 

1729.00 1729.15 0.15 Limestone fragments up to 1". 
1729.15 1729.55 0.40 Limestone solid but vuggy to very vuggy, partly poorly cemented. 
1729.55 1729.70 0.15 Same as above, uneven fragment 
1729.70 1730.20 0.50 Limestone, solid, hard, very slightly vuggy. 
1730.20 1730.50 0.30 Same as above, uneven fragment. 
1730.50 1730.65 0.15 Umestone fragments 1-1.5-inch. 
1730.65 1730.90 0.25 Umestone, solid, hard, very slightly vuggy, softer and grainy on top. 
1730.90 1731.80 0.90 Umestone, 3-4 inch uneven fiagments. 
1731.80 1732.20 0.40 Umestone, solid, vuggy, uneven cut. 
1732.20 1732.40 0.20 Umestone, inegular fragment. 
1732.40 1732.80 0.40 Umestone, solid, moderately hard, slightly vuggy. 
1732.80 1733.20 0.40 Umestone, hard, solid but very vuggy to porous. 
1733.20 1733.30 0.20 Umestone fiagments 1-1.5-inch. 
1733.30 1734.55 1.15 Dolostone, solid, massive, very hard, very slightiy vuggy. 
1734.55 1735.40 0.90 Dolostone, same as above, but vuggy. 
1735.40 1736.10 0.70 Dolostone, solid, with calcareous irregular inserts, vuggy to very vuggy. 
1736.10 1737.00 0.90 Dolostone, same as above, with some shallow vugs. 

Total Core Length (feet): 8.1 
"bpr denotes below pad level 
Sections in bold were selected for lab. analyses. 
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ARCADIS CORE LOG SUMMARY 

Key Largo WTD Injection Well System 

Key Largo, Florida 
Injection Well IWI 

Core Sample No. 2 

Total Depth Drifted: 15 feet Date: 1/11/2009 
Core Barrel Length: 30 feet Sampling Interval: 1858-1873 ft bpi 
Core Barrel Diameter ID: 4-inches Hole Diameter. 8 inches 
Drtlftng Fluid Used: water Recovery (S): 89 

Depth 

(feel Oft 
Interval 
Length 

(feet) 

WOB 

x 1000 Ws 

RPM Pressure 

(PSI) 

ROP 

(min/ft) 
Core Description 

From I To 

1858.0 1859.0 1 5 13 21 6 

1858.0-1867.1: LIMESTONE; Umesame,100%, yellovash gray (5Y 7/2) to light olive gray (5Y 5/2), 
grainstone, some mudstone and padcstone, slightly dolomitic. very fine- to fine grained, some fine crystalline, 
with trace of fossils and trace of phosphate, with numeruous. Irregular, horizontal laminas of darker material, 
slightly vuggy, moderately well- to well- cemented, moderately hard. 

1859.0 1860.0 1 5.5 12.9 23 16 

1860.0 1861.0 1 6.1 13.0 25 9 

1861.0 1862.0 1 6.4 12.9 43 10 

1862.0 1863.0 1 6.5 12.9 41 8 

1863.0 1864.0 1 5.4 12.8 48 15 

1864.0 1865.0 1 4.5 12.8 52 11 

1865.0 1866.0 1 5.8 12.8 55 8 

1866.0 1867.0 1 5.2 12.8 45 9 

1867.0 1868.0 1 5.6 12.8 38 10 

1867.1-1871.3: DOLOSTONE. Dolostone, 100%. yellowish gray (5Y 7/2), rnicroaystalline. competent. 
massive, with brighter, Irregular calcareous Indasts, hard to very hard, with some vugs, from 1869 ft bpi 
gradually becoming light olive gray (5Y 5/2), fine crystalline. with numerous small calcareous Inserts, less 
competent, disintegrating at the bottom, vuggy to very vuggy. 

1868.0 1869.0 1 5.3 12.8 38 12 

1869.0 1870.0 1 6.8 13.0 39 33 

1870.0 1871.0 1 7.0 13.0 45 76 

1871.0 1872.0 1 6.6 13.1 37 79 

1872.0 1873.0 1 6.3 13.1 35 67 

Total Cored (feet): 15.0 
"bpi" denotes below pad level 
RPM' denotes rate per irinute of coring barrel 

'WOW denotes vvelptd on casing barrel 
"We denotes pounds 
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@ ARCADIS 
Injection Well IWI 

Core Sample No. 2 

CORE LOG SUMMARY 
Key Largo WTD Injection Well System 

Key Largo, Florida 

Total Depth Drilled: ISteet Date: 1/11/2009 
Core Barrel Length: 30 feet Sampling Interval: 1858-1B73nbpl 
Core Barrel Diameter ID: 4-lnches Hole Diameter. 8 Indies 
Drilling FiuM Used: water Recovery (%): 89 

Depth 
(feet bpl) 

Interval 
Length 

(feet) 

WOB 

X1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(min/ft) 
Core Description 

From To 

Interval 
Length 

(feet) 

WOB 

X1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(min/ft) 
Core Description 

1858.0 1859.0 1 S 13 21 6 

1858.0-1867.1: LIMESTONE; Llniestane,100%, yeUowlsh gray (SV 7/2) to light dive gray (5Y SI2). 
grainstone, some mudstone and padtstone, slightly dolomitic very Una- to fine grained, some line crystalline, 
Mith trace 01 fossils and trace of phospliate, with numeruous, irregular, horizontal laminas of dartier material, 
slightly vuggy, modsiately well- to well- cemented, moderately hard. 

1859.0 1860.0 1 5.5 12.9 23 16 

1858.0-1867.1: LIMESTONE; Llniestane,100%, yeUowlsh gray (SV 7/2) to light dive gray (5Y SI2). 
grainstone, some mudstone and padtstone, slightly dolomitic very Una- to fine grained, some line crystalline, 
Mith trace 01 fossils and trace of phospliate, with numeruous, irregular, horizontal laminas of dartier material, 
slightly vuggy, modsiately well- to well- cemented, moderately hard. 

1860.0 1861.0 1 6.1 13.0 25 9 

1858.0-1867.1: LIMESTONE; Llniestane,100%, yeUowlsh gray (SV 7/2) to light dive gray (5Y SI2). 
grainstone, some mudstone and padtstone, slightly dolomitic very Una- to fine grained, some line crystalline, 
Mith trace 01 fossils and trace of phospliate, with numeruous, irregular, horizontal laminas of dartier material, 
slightly vuggy, modsiately well- to well- cemented, moderately hard. 

1861.0 1862.0 1 6.4 12.9 43 10 1858.0-1867.1: LIMESTONE; Llniestane,100%, yeUowlsh gray (SV 7/2) to light dive gray (5Y SI2). 
grainstone, some mudstone and padtstone, slightly dolomitic very Una- to fine grained, some line crystalline, 
Mith trace 01 fossils and trace of phospliate, with numeruous, irregular, horizontal laminas of dartier material, 
slightly vuggy, modsiately well- to well- cemented, moderately hard. 

1862.0 1863.0 1 6.S 12.9 41 8 

1858.0-1867.1: LIMESTONE; Llniestane,100%, yeUowlsh gray (SV 7/2) to light dive gray (5Y SI2). 
grainstone, some mudstone and padtstone, slightly dolomitic very Una- to fine grained, some line crystalline, 
Mith trace 01 fossils and trace of phospliate, with numeruous, irregular, horizontal laminas of dartier material, 
slightly vuggy, modsiately well- to well- cemented, moderately hard. 

1863.0 1884.0 1 5.4 12.8 48 15 

1858.0-1867.1: LIMESTONE; Llniestane,100%, yeUowlsh gray (SV 7/2) to light dive gray (5Y SI2). 
grainstone, some mudstone and padtstone, slightly dolomitic very Una- to fine grained, some line crystalline, 
Mith trace 01 fossils and trace of phospliate, with numeruous, irregular, horizontal laminas of dartier material, 
slightly vuggy, modsiately well- to well- cemented, moderately hard. 

1864.0 1865.0 1 4.5 12.8 52 11 

1858.0-1867.1: LIMESTONE; Llniestane,100%, yeUowlsh gray (SV 7/2) to light dive gray (5Y SI2). 
grainstone, some mudstone and padtstone, slightly dolomitic very Una- to fine grained, some line crystalline, 
Mith trace 01 fossils and trace of phospliate, with numeruous, irregular, horizontal laminas of dartier material, 
slightly vuggy, modsiately well- to well- cemented, moderately hard. 

1865.0 1866.0 1 S.6 12.8 55 8 

1858.0-1867.1: LIMESTONE; Llniestane,100%, yeUowlsh gray (SV 7/2) to light dive gray (5Y SI2). 
grainstone, some mudstone and padtstone, slightly dolomitic very Una- to fine grained, some line crystalline, 
Mith trace 01 fossils and trace of phospliate, with numeruous, irregular, horizontal laminas of dartier material, 
slightly vuggy, modsiately well- to well- cemented, moderately hard. 

1866.0 1867.0 1 5.2 12.8 45 9 

1858.0-1867.1: LIMESTONE; Llniestane,100%, yeUowlsh gray (SV 7/2) to light dive gray (5Y SI2). 
grainstone, some mudstone and padtstone, slightly dolomitic very Una- to fine grained, some line crystalline, 
Mith trace 01 fossils and trace of phospliate, with numeruous, irregular, horizontal laminas of dartier material, 
slightly vuggy, modsiately well- to well- cemented, moderately hard. 

1867.0 1868.0 1 5.6 12.8 38 10 

1867.1-1871.3: DOLOSTONE. Dolostone, 100%, yellowish gray (5Y 7/2). microcrystalline. competent 
massive, with brighter, Inegidar calcareous Indasts, hard to very hard, with some vugs, from 1869 R bpl 
gradually becoming light olive gray (5Y 512), fine crystalline, with numerous small calcareous inserts, less 
competem, disintegrating at the bottom, vuggy to very vuggy. 

1868.0 1869.0 1 5.3 12.8 38 12 
1867.1-1871.3: DOLOSTONE. Dolostone, 100%, yellowish gray (5Y 7/2). microcrystalline. competent 
massive, with brighter, Inegidar calcareous Indasts, hard to very hard, with some vugs, from 1869 R bpl 
gradually becoming light olive gray (5Y 512), fine crystalline, with numerous small calcareous inserts, less 
competem, disintegrating at the bottom, vuggy to very vuggy. 

1869.0 1870.0 1 6.8 13.0 39 33 
1867.1-1871.3: DOLOSTONE. Dolostone, 100%, yellowish gray (5Y 7/2). microcrystalline. competent 
massive, with brighter, Inegidar calcareous Indasts, hard to very hard, with some vugs, from 1869 R bpl 
gradually becoming light olive gray (5Y 512), fine crystalline, with numerous small calcareous inserts, less 
competem, disintegrating at the bottom, vuggy to very vuggy. 1870.0 1871.0 1 7.0 13.0 45 76 

1867.1-1871.3: DOLOSTONE. Dolostone, 100%, yellowish gray (5Y 7/2). microcrystalline. competent 
massive, with brighter, Inegidar calcareous Indasts, hard to very hard, with some vugs, from 1869 R bpl 
gradually becoming light olive gray (5Y 512), fine crystalline, with numerous small calcareous inserts, less 
competem, disintegrating at the bottom, vuggy to very vuggy. 

1871.0 1872.0 1 6.6 13.1 37 79 

1867.1-1871.3: DOLOSTONE. Dolostone, 100%, yellowish gray (5Y 7/2). microcrystalline. competent 
massive, with brighter, Inegidar calcareous Indasts, hard to very hard, with some vugs, from 1869 R bpl 
gradually becoming light olive gray (5Y 512), fine crystalline, with numerous small calcareous inserts, less 
competem, disintegrating at the bottom, vuggy to very vuggy. 

1872.0 1873.0 1 6.3 13.1 35 67 

1867.1-1871.3: DOLOSTONE. Dolostone, 100%, yellowish gray (5Y 7/2). microcrystalline. competent 
massive, with brighter, Inegidar calcareous Indasts, hard to very hard, with some vugs, from 1869 R bpl 
gradually becoming light olive gray (5Y 512), fine crystalline, with numerous small calcareous inserts, less 
competem, disintegrating at the bottom, vuggy to very vuggy. 

Total Cored (leet): 16.0 

•RPM" denotes rale per minute of coring barreJ 
"WOB" denotes weight on coring bairel 
lbs" denotes pounds 
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ARCAD1S CORE INVENTORY 

Key Largo WTD Injection Well System 
Key Largo, Florida 

Injection Well IW1 
Core Sample No. 2 

Total Depth Drilled: 15 feet Date: 1/11/2009 
Core Barrel Length: 30 feet Sampling Interval: 1858-1873 ft bpi 

Core Barrel Diameter ID: 4-inches Hole Diameter: 8 inches 

Drilling Fluid Used: water Recovery (%): 89 

Depth 

(feet bpi) 

Interval 
Length 

feet 

Core Description 

From I To 

1858.00 1958.10 0.10 Ls; 1-3" fragments 

1858.10 1858.40 0.30 Ls, vuggy, uneven cuts on both ends 

1958.40 1859.15 0.75 Ls, solid, vuggy 

1859.15 1859.50 0.35 Ls, solid, trace of vugs 

1859.50 1880.35 0.85 Ls, solid, partly vuggy 

1860.35 1860.75 0.40 Ls, solid 

1860.75 1861.20 0.45 Ls, solid 

1861.20 1861.40 0.20 Ls: 0.5-1" fragments 

1861.40 1861.65 0.25 Ls, solid, uneven cuts 

1861.65 1861.90 0.25 Ls, solid, uneven cuts 

1861.90 1882.40 0.50 Ls, solid , with darker smudges 

1862.40 1863.00 0.60 Ls, solid, massive 

1863.00 1863.50 0.50 Ls, semi solid 

1863.50 1884.00 0.50 Ls, semi solid 

1864.00 1864.45 0.45 Ls, partly broken, vuggy 

1864.45 1864.80 0.35 Ls, uneven cut, vuggy 

1864.80 1865.65 0.85 Ls, multiple vugs 

1865.65 1866.00 0.35 Ls, uneven cut, vuggy 

1866.00 1866.30 0.30 Ls, uneven cut, vuggy 

1866.30 1866.80 0.50 Ls, uneven cut, vuggy 

1866.80 1867.10 0.30 Ls, uneven cut, vuggy 

1867.10 1867.40 0.30 DIs, with intraclasts, uneven cut 

1887.40 1867.70 0.30 Dls, massive, uneven cut 

1887.70 1868.45 0.75 DIs, vuggy, healed fractures 

1868.45 1869.20 0.75 Die, vuggy 

1869.20 1870.15 0.95 Dls, solid, massive, slightly vuggy 

1870.15 1870.60 0.45 Dls, solid, massive, vuggy 

1870.60 1971.00 0.40 DIs, fragments 0.5-3" 

1871.00 1971.30 0.30 Dls, solid, vuggy 

Total Core Length (feet): 13.3 

"bpl" denotes below pad level 
Sections in bold were selected for lab. analyses. 
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r l ARCADIS 

Injection Well IW1 
Core Sample No. 2 

CORE INVENTORY 
Key Largo WTD injection Weii System 

Key i^rgo, Florida 

Total Depth Dniled: ISfeet Date: 1/11/2009 
Core Barrel Length: 30 feet Sampling Interval: 1858-1873 ft bpl 
Core Barrel Diameter ID: 4-inches Hole Diameter 8 inches 
Drilling Fluid Used: water Recovery (%): 89 

Depth 
(feet bpl) 

Interval 
Length 

feet 
Core Description 

From To 

Interval 
Length 

feet 
Core Description 

1858.00 1958.10 0.10 Ls; 1-3' fragments 
1858.10 1858.40 0.30 Ls, vuggy, uneven cuts on both ends 
1958.40 1859.15 0.75 1^, solid, vuggy 
1859.15 1859.50 0.35 l j , solid, trace of vugs 
1859.50 1860.35 0.85 Ls, solid, partly vuggy 
1860.35 1860.75 0.40 1^, solid 
1860.75 1861.20 0.45 Ls, solid 
1861.20 1861.40 0.20 0.5-1" fragments 
1861.40 1861.65 0.25 Ls, solid, uneven cuts 
1861.65 1861.90 0.25 Ls, solid, uneven cuts 
1861.90 1862.40 0.50 Ls, solid, vMth darker smudges 
1862.40 1863.00 0.60 Ls, solid, massive 
1863.00 1863.50 0.50 Ls, semi solid 
1863.50 1864.00 0.50 1^, semi solid 
1864.00 1864.45 0.45 Ls, partly broken, vuggy 
1864.45 1864.80 0.35 [ j i , uneven cut, vuggy 
1864.80 1865.65 0.85 1^, multiple vugs 
1865.65 1866.00 0.35 Ls, uneven cut, vuggy 
1866.00 1866.30 0.30 Ls, uneven cut, vuggy 
1866.30 1866.80 0.50 Ls, uneven cut, vuggy 
1866.80 1867.10 0.30 1^, uneven cut, vuggy 
1867.10 1867.40 0.30 DIs, with intraclasts, uneven cut 
1887.40 1867.70 0.30 DIs, massive, uneven cut 
1867.70 1868.45 0.75 DIs, vuggy, healed fractures 
1868.45 1869.20 0.75 DIs, vuggy 
1869.20 1870.15 0.95 DIs, solid, massive, slightly vuggy 
1870.15 1870.60 0.45 Ols, solid, massive, vuggy 
1870.60 1971.00 0.40 DIs, ^gments 0.5-3' 
1871.00 1971.30 0.30 DIs, solid, vuggy 

Total Core Length (feet): 13.3 

"bpl" denotes below pad level 
Sections in bold were selected for lab. analyses. 
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ARCAD1S CORE LOG SUMMARY 

Key Largo WTD Injection Well System 

Key Largo, Florida 

Injection Well IW1 
Core Sample No. 3 

Total Depth Drilled: 15 feet Date: 1/13/2009 
Core Barrel Length: 30 feet Sampling Interval: 1980-199511 bpi 
Core Barrel Diameter ID: 4-Inches Hole Diameter: 8 inches 
Drilling Fluid Used: water Recovery(%): 89 

Depth 
(feet bpi) 

Interval 
Length 

(feet) 

WOB 

x 1000 ibs 

RPM Pressure 

(PSI) 

ROP 

(min/11) 
Core Description 

From I To 

1980 1981.0 1 4.0 12.3 18 5 

1980.0-1987: LIMESTONE; Limestone,100%, yellowish gray (5Y 7/2) to light olive gray (5Y 5/2), mudstone, 
dolomitic, very tine- to fine grained, some fine crystalline, with trace of fossils and trace of phosphate, with 
numeruous, irregular, horizontal laminas of darker material, slightly vuggy, moderately well- to well-
cemented, moderately hard. From approx. 1988.7 fl bpi gradually becoming more dolomitic and 
transformkig into dolostone 

1981.0 1982.0 1 4.5 12.3 20 7 

1982.0 1983.0 1 5.0 12.2 37 14 

1983.0 1984.0 1 5.0 12.2 37 13 

1984 0 1985.0 1 4.5 12 3 33 11 

1985 0 1988.0 1 5.0 12.2 38 10 

1988 0 1987 0 1 4.0 12.2 37 11 

1987 0 1988.0 1 4.0 12.2 43 10 
1987-1889: DOLOSTONE: Dolostone, 100%, yellowish gray (5Y 7/2), nacrocrystalline, competent, 
massive, with brighter, Irregular calcareous intraciasts, hard to very hard, with some vugs 1988.0 1989 0 1 4 5 12.2 43 32 

1989.0 1990.0 1 5.0 12 2 47 47 

1989-1993.3: LIMESTONE; Limestone,100%, yellowish gray (5Y 7/2) to light olive gray (5Y 5/2), gratnstone 
and mudstone, very fine- to tine grained, with trace of fossils and trace of phosphate, with numeruous, 
Irregular, horizontal laminas of darker material, slightly vuggy, moderately well- to well- cemented, 
moderately hard. 

1990.0 1991.0 1 5.5 12.3 43 18 

1991 0 1992.0 1 5 0 12.3 35 18 

1992.0 1993.0 1 4.5 12.3 40 15 

1993.0 1994.0 1 4.5 12.2 35 11 

1994.0 1995.0 1 5.0 12.2 35 14 

Total Cored (leet): 15.0 

  

pr denotes below pad level 
'RPM" denotes rate per minute of coring barrel 
'WOB' denotes weight on coring barrel 
sloe' denotes pounds 
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CORE LOG SURflMARY 
Key Largo WTD Injection Well System 

Key Largo, Florida 
Injection Well IWI 

Core Sample No. 3 

Total Depth Drilled: 15 feet Date: 1/13/2009 
Core Barrel l-ength: 30 feet Sampling Interval: 1980-1995 ft bpl 
Core Barrel Diameter 10: 4-lnches Hole Diameter 8 inches 
Drill ing Fluid Used: water Recovery (%): 88 

Depth 
(feet bpl) 

Interval 
Length 

(feet) 

W O B 

X 1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(min/ft) 
Core D e s c r i p t i o n 

From To 

Interval 
Length 

(feet) 

W O B 

X 1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(min/ft) 
Core D e s c r i p t i o n 

1880 1881.0 1 4.0 12.3 18 5 

1980.0-1987: LIMESTONE; Limestone,100%, yellowish gray (5Y 7/2) to light olive gray (SY 5/2), mudstone, 
dotoffiltic. vGfy flno- to flno QroInGd, sonts fin6 crystaOino, with trscG of fossQs snd trsco of phosphQto, with 

1981.0 1982.0 1 4.5 12.3 20 7 

1980.0-1987: LIMESTONE; Limestone,100%, yellowish gray (5Y 7/2) to light olive gray (SY 5/2), mudstone, 
dotoffiltic. vGfy flno- to flno QroInGd, sonts fin6 crystaOino, with trscG of fossQs snd trsco of phosphQto, with 1982.0 1983.0 1 5.0 12.2 37 14 
1980.0-1987: LIMESTONE; Limestone,100%, yellowish gray (5Y 7/2) to light olive gray (SY 5/2), mudstone, 
dotoffiltic. vGfy flno- to flno QroInGd, sonts fin6 crystaOino, with trscG of fossQs snd trsco of phosphQto, with 

1983.0 1984.0 1 5.0 12.2 37 13 numeruous. frregutar. hortzontal laminas of dariter material, slightly vuggy. moderately weD- to well-
r*Af¥iantAH mnHamtAkf horri Frinm annrr^v IQflA 7 fi hnl nmrlimlkf Kofywminn fnom HnlmnlHo ontt 

19840 1885.0 1 4.5 123 33 11 
Mninn iunJ i i i i uuc i tJ iv iy i icuu. r i u i i i a^p iuA . l o o o . f i i t i f t i y i ouuauy uoMMi iu iy I I K J I V uwimiiuH# a i m 
Iranstbrmlng Into dolostone 

1985 0 1986.0 1 1 5.0 12.2 38 10 

Mninn iunJ i i i i uuc i tJ iv iy i icuu. r i u i i i a^p iuA . l o o o . f i i t i f t i y i ouuauy uoMMi iu iy I I K J I V uwimiiuH# a i m 
Iranstbrmlng Into dolostone 

1986 0 1987 0 1 1 4.0 12.2 37 11 

Mninn iunJ i i i i uuc i tJ iv iy i icuu. r i u i i i a^p iuA . l o o o . f i i t i f t i y i ouuauy uoMMi iu iy I I K J I V uwimiiuH# a i m 
Iranstbrmlng Into dolostone 

1987 0 1988.0 1 4.0 12.2 43 10 
1887-1989: DOLOSTONE: Dolostone, 100%, yellowish gray (5Y 7/2), microcrystalline, competent, 
massive, with brighter, Inegular calcareous intraclasts, hard to very hard, with some vugs 1988.0 1989 0 1 4 5 12.2 43 32 
1887-1989: DOLOSTONE: Dolostone, 100%, yellowish gray (5Y 7/2), microcrystalline, competent, 
massive, with brighter, Inegular calcareous intraclasts, hard to very hard, with some vugs 

1989.0 1990.0 1 5.0 12 2 47 47 

1989-1993.3: LIMESTONE: Llmestone,100%. yellowish gray (SY 7/2) to light olive gray (SY 5/2), grainstone 
and mudstone, very fine- to fine grained, with trace of fossils and trace of phosphate, with numenious. 
Irregular, horizontal laminas of daitier material, sSghdy vuggy, moderately well- to well- cemented, 
moderately hard. 

1990.0 1991.0 1 5.5 12.3 43 18 
1989-1993.3: LIMESTONE: Llmestone,100%. yellowish gray (SY 7/2) to light olive gray (SY 5/2), grainstone 
and mudstone, very fine- to fine grained, with trace of fossils and trace of phosphate, with numenious. 
Irregular, horizontal laminas of daitier material, sSghdy vuggy, moderately well- to well- cemented, 
moderately hard. 

1991 0 1092.0 1 5 0 12.3 35 18 
1989-1993.3: LIMESTONE: Llmestone,100%. yellowish gray (SY 7/2) to light olive gray (SY 5/2), grainstone 
and mudstone, very fine- to fine grained, with trace of fossils and trace of phosphate, with numenious. 
Irregular, horizontal laminas of daitier material, sSghdy vuggy, moderately well- to well- cemented, 
moderately hard. 1092.0 1993.0 1 4.5 12.3 40 15 

1989-1993.3: LIMESTONE: Llmestone,100%. yellowish gray (SY 7/2) to light olive gray (SY 5/2), grainstone 
and mudstone, very fine- to fine grained, with trace of fossils and trace of phosphate, with numenious. 
Irregular, horizontal laminas of daitier material, sSghdy vuggy, moderately well- to well- cemented, 
moderately hard. 

1993.0 1994.0 1 4.5 12.2 35 11 

1989-1993.3: LIMESTONE: Llmestone,100%. yellowish gray (SY 7/2) to light olive gray (SY 5/2), grainstone 
and mudstone, very fine- to fine grained, with trace of fossils and trace of phosphate, with numenious. 
Irregular, horizontal laminas of daitier material, sSghdy vuggy, moderately well- to well- cemented, 
moderately hard. 

1994.0 1995.0 1 5.0 12.2 35 14 

1989-1993.3: LIMESTONE: Llmestone,100%. yellowish gray (SY 7/2) to light olive gray (SY 5/2), grainstone 
and mudstone, very fine- to fine grained, with trace of fossils and trace of phosphate, with numenious. 
Irregular, horizontal laminas of daitier material, sSghdy vuggy, moderately well- to well- cemented, 
moderately hard. 

Total Cored (teet): 16.0 

"RPM" denotes rate per minute of conng banel 
"WOB" denotes weight on coring barrel 
lbs" denotes pounds 
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ARCAD1S 

Injection Well IW1 
Core Sample No. 3 

CORE INVENTORY 

Key Largo WTD Injection Well System 
Key Largo, Florida 

Total Depth Drilled: 15 feet Date: 1/13/2009 
Core Barrel Length: 30 feet Sampling Interval: 1980-1995 ft bpi 
Core Barrel Diameter ID: 4-inches Hole Diameter: 8 inches 
Drilling Fluid Used: water Recovery (%): 89 

Depth 
(feet bpi) 

Interval 

Length 
feet 

Core Description 
From I To 

1980.00 1980.20 0.20 Ls, solid, slightly vuggy 

1980.20 1980.60 0.40 Ls, solid, slightly vuggy 

1980.60 1981.10 0.50 Ls, fragments 1-2". 

1981.10 1981.50 0.40 Ls, solid, vuggy 

1981.50 1981.75 0.25 Ls, fragments 0.5-1.5". 

1981.75 1982.00 0.25 Ls, solid, slightly vuggy 

1982.00 1982.85 0.85 Ls, solid, vuggy 

1982.88 1983.80 0.95 Ls, solid, massive, slightly vuggy 

1983.80 1984.70 0.90 Ls, solid, massive, very slightly vuggy 

1984.70 1984.80 0.10 Ls, solid, uneven cut 

1984.80 1985.20 0.40 Ls, solid, uneven cut 

1985.20 1985.50 0.30 Ls, solid 

1985.50 1985.80 0.30 Ls, solid 

1985.80 1986.00 0.20 Ls, solid 

1986.00 1986.25 0.25 Ls, solid 

1986.25 1986.45 0.20 Ls, solid 

1986.45 1987.55 1.10 Ls/ Dls transition, slightly vuggy to vuggy 

1987.55 1987.85 0.30 DIs, solid, very slightly vuggy 

1987.85 1988.50 0.65 DIs, solid, very slightly vuggy 

1988.50 1988.90 0.40 Dls, solid, very slightly vuggy 

1988.90 1989.30 0.40 Ls, solid, uneven cut 

1989.30 1990.40 1.10 Ls, solid, smudgy, possibly fragile 

1990.40 1991.30 cog Ls, solid, massive 

1991.30 1991.60 0.30 Ls, solid, uneven cut 

1991.60 1992.00 0.40 Ls, solid, uneven cut w/ smudges 
1992.00 1993.30 1.30 Ls, uneven cut, very smudgy 

Total Core Length (feet): 13.3 

"bpi" denotes below pad level 
Sections in bold were selected for lab. analyses. 
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i ARCADIS 

Injection Well IWI 
Core Sample No. 3 

CORE INVENTORY 

Key Largo WTD Injection Well System 
Key L r̂go, Florida 

Total Deptli DHIied: 15 feet Date: 1/13«009 
Core Barrel Length: 30 feet Sampling Interval: 1980-1995 ft bpl 
Core Barrel Diameter ID: 4-incties Hole Diameter 8 inches 
Drilling Fluid Usetl: water Recovery (%): 89 

Depth Interval 
(feet bpl) Length Core Description 

From To feet 
1980.00 1980.20 0.20 Ls, solid, slightly vuggy 
1980.20 1980.60 0.40 Ls, solid, slightly vuggy 
1980.60 1981.10 0.50 Ls, fragments 1-2*. 
1981.10 1981.50 0.40 Ls, solid, vuggy 
1981.50 1981.75 0.25 Ls, fiagments 0.5-1.5". 
1981.75 1982.00 0.25 Ls, solid, slightly vuggy 
1982.00 1982.85 0.85 Ls, solid, vuggy 
1982.86 1983.80 0.96 Ls, solid, massive, slightly vuggy 
1983.80 1984.70 0.90 Ls, solid, massive, very slightly vuggy 
1984.70 1984.80 0.10 Ls, solid, uneven cut 
1984.80 1985.20 0.40 Ls, solid, uneven cut 
1985.20 1985.50 0.30 Ls, solid 
1985.50 1985.80 0.30 la, solid 
1985.80 1986.00 0.20 Ls, solid 
1986.00 1986.25 0.25 Ls, solid 
1986.25 1986.45 0.20 Ls, solid 
1986.45 1987.55 1.10 Ls/ DIs transition, slightly vuggy to vuggy 
1987.55 1987.85 0.30 DIs, solid, very slightly vuggy 
1987.86 1988.60 0.66 DIs, solid, very slightly vuggy 
1988.50 1988.90 0.40 Ols, solid, very slightly vuggy 
1988.90 1989.30 0.40 Ls, solid, uneven cut 
1989.30 1990.40 1.10 Ls, solid, smudgy, possibly fragile 
1990.40 1991.30 0.90 La, solid, masshra 
1991.30 1991.60 0.30 La, solid, uneven cut 
1991.60 1992.00 0.40 Ls, solid, uneven cut w/ smudges 
1992.00 1993.30 1.30 1.^, uneven cut, very smudgy 
Total Core Length (feet): 13.3 

'bpl' denotes below pad level 
Sections in bold were selected for lab. analyses. 
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ARCADIS 
CORE LOG SUMMARY 

Key Largo WTD Injection Well System 

Key Largo, Florida 

Injection Well 1W1 
Core Sample No. 4 

Total Depth Drilled: 16 feet Date: 1/14/2009 
Core Barrel Length: 30 feet Sampling Interval: 2100-2116 ft bpi 
Core Barrel Diameter ID: 4-inches Hole Diameter 8 inches 
Drilling Fluid Used: Water Recovery (%): 87 

Depth 

(feet bpi) 

Interval 

Length 

(feet) 

WOB 

x 1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(Min/ft) 

Core Description 

From I To 

2100 0 2101 0 1 5.0 13.0 30 26 

2100.0-2107 2 LIMESTONE; Limestone,100%, yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
mudstone and packstone, with numerals horizontal laminas of olive gray (5Y 4/1) material to 2101.9 fl bpl, 
trace of fossils, moderately well- to well- cemented, moderately hard, very fine grained, below 2103.8 ft bpi 
becoming yeftowish gray (5Y 7/2) arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostone, rock becoming darker and dolomitic with 
depth. 

2101 0 2102.0 1 4 5 13.0 356 21 

2102.0 2103.0 1 4 0 13.0 50 25 

2103.0 2104 0 1 3.5 13 2 65 17 

2104.0 2105.0 1 4.0 13.1 55 10 

2105.0 2106.0 1 3 0 13.1 70 7 

2106.0 2107.0 1 3 0 13.1 65 5 

2107.0 2108 0 1 2 0 13.0 60 8 

2108 0 2109.0 1 4.5 131 60 23 
2107.8-2110.3: DOLOSTONE. Dolostone, 100%, fight olive gray (5Y 4/1), line crystalline, with numerous 
brighter, kregifter haraclasts of yellowish gray (5Y 7/2) and light gray (N7) calcareous material, hard to very 
hard, with some vugs. 2110.3-2110.7. Gradual 
transition from olive gray (5Y 4/1) dolostone into yellowish gray (5Y 7/2) limestone. 2109.0 2110.0 1 4 5 13.1 48 18 

2110.0 2111 0 1 5 0 13.1 52 15 

2111.0 2112.0 1 5.0 131 53 7 

2110.7-2112.9: LIMESTONE; LImestone,100%, yellowish gray (5Y 7/2) to light olive gray (5Y 5/2), 
granstone, fine grained, with trace of fossils and trace of phosphate, vuggy to porous, poorly- moderately 
well- cemented, soft to moderately hard, fragmented between 2112.3 and 2113 9 ft bpi, and becoming more 
competent below 2113.9 ft bpi. 

2112.0 2113.0 1 5.0 131 55 5 

2113.0 2114 0 1 5 0 13.1 52 5 

2114.0 2115.0 1 5.0 13.2 50 7 

2115.0 2116.0 1 4 5 13.1 52 5 

Total Cored (feet): 16.0 
denotes below pad level 

RPM denotes rate per minute of coring befall 
WOW denotes weight on coring barrel 
lba' denotes pounds 

G WThorstebgWRAWF PROJECT6115130001(EY LARGO PNIWW:ton Wel/ConstArban OwpagIWW1 DaWICares Cam Deseliptions 6 Analysis RemtACere 041Cors 0 4 xlsCon364 description 

ARî lS 
Injection Well IWI 

Core Sample No. 4 

CORE LOG SUMMARY 
Key Largo WTD Injection Well System 

Key Largo, Florida 

Total Depth Drilled: ISfeet Date: 1/14/2009 
Core Barrel Length: 30 feet Samplbig Interval: 2100-2116 ft bpl 
Core Barrel Diameter ID: 4-lnches HoleOlaineter SInches 
Drilling Fluid Used: water Recovery (%): 87 

1 Depth 
(leet bpl) 

Interval 
Length 

(1^) 

WOB 

X1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(min/ft) 
Core Description 

From To 

Interval 
Length 

(1^) 

WOB 

X1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(min/ft) 
Core Description 

21000 21010 1 5.0 130 30 26 

2100.0-2107 2 LIMESTONE; Umestone.100%. yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
mudstone and packstone, with numerous horizontal laminas of olive gray (5Y 4/1) material to 2101.9 fl bpl, 
trace of Ibssils, moderately v«eit- to wen- cemented, moderately hard, very tine grained, below 2103.8 n lipl 
becoming yellowish gray (5Y 7/2) arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostane, iDck becoming dartier and dolomitic «dh 
depth. 

21010 2102.0 1 45 13.0 358 21 

2100.0-2107 2 LIMESTONE; Umestone.100%. yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
mudstone and packstone, with numerous horizontal laminas of olive gray (5Y 4/1) material to 2101.9 fl bpl, 
trace of Ibssils, moderately v«eit- to wen- cemented, moderately hard, very tine grained, below 2103.8 n lipl 
becoming yellowish gray (5Y 7/2) arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostane, iDck becoming dartier and dolomitic «dh 
depth. 

2102.0 2103.0 1 40 13.0 50 25 2100.0-2107 2 LIMESTONE; Umestone.100%. yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
mudstone and packstone, with numerous horizontal laminas of olive gray (5Y 4/1) material to 2101.9 fl bpl, 
trace of Ibssils, moderately v«eit- to wen- cemented, moderately hard, very tine grained, below 2103.8 n lipl 
becoming yellowish gray (5Y 7/2) arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostane, iDck becoming dartier and dolomitic «dh 
depth. 

2103.0 2104 0 1 3.5 132 65 17 

2100.0-2107 2 LIMESTONE; Umestone.100%. yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
mudstone and packstone, with numerous horizontal laminas of olive gray (5Y 4/1) material to 2101.9 fl bpl, 
trace of Ibssils, moderately v«eit- to wen- cemented, moderately hard, very tine grained, below 2103.8 n lipl 
becoming yellowish gray (5Y 7/2) arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostane, iDck becoming dartier and dolomitic «dh 
depth. 

1 2104.0 2105.0 1 4.0 131 55 10 

2100.0-2107 2 LIMESTONE; Umestone.100%. yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
mudstone and packstone, with numerous horizontal laminas of olive gray (5Y 4/1) material to 2101.9 fl bpl, 
trace of Ibssils, moderately v«eit- to wen- cemented, moderately hard, very tine grained, below 2103.8 n lipl 
becoming yellowish gray (5Y 7/2) arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostane, iDck becoming dartier and dolomitic «dh 
depth. 

2105.0 2106.0 1 30 13.1 70 7 

2100.0-2107 2 LIMESTONE; Umestone.100%. yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
mudstone and packstone, with numerous horizontal laminas of olive gray (5Y 4/1) material to 2101.9 fl bpl, 
trace of Ibssils, moderately v«eit- to wen- cemented, moderately hard, very tine grained, below 2103.8 n lipl 
becoming yellowish gray (5Y 7/2) arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostane, iDck becoming dartier and dolomitic «dh 
depth. 

2106.0 2107.0 1 30 131 65 5 

2100.0-2107 2 LIMESTONE; Umestone.100%. yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
mudstone and packstone, with numerous horizontal laminas of olive gray (5Y 4/1) material to 2101.9 fl bpl, 
trace of Ibssils, moderately v«eit- to wen- cemented, moderately hard, very tine grained, below 2103.8 n lipl 
becoming yellowish gray (5Y 7/2) arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostane, iDck becoming dartier and dolomitic «dh 
depth. 

2107.0 2108 0 1 20 130 60 8 

2100.0-2107 2 LIMESTONE; Umestone.100%. yellowish gray (5Y 8/1) to very pale orange (10YR 8/2), 
mudstone and packstone, with numerous horizontal laminas of olive gray (5Y 4/1) material to 2101.9 fl bpl, 
trace of Ibssils, moderately v«eit- to wen- cemented, moderately hard, very tine grained, below 2103.8 n lipl 
becoming yellowish gray (5Y 7/2) arenaceous grainstone, less competent, vuggy. 
2107.2-2107.8: Gradual transition from limestone into dolostane, iDck becoming dartier and dolomitic «dh 
depth. 

21080 2109.0 1 4.5 131 60 23 
2107.8-2110.3: DOLOSTONE. Dolostone. 100%, Dghl dive gray (5Y 4/1), line crystalline, with numerous 
brighter, inegular intraclasts of yellowish gray (5Y 7/2) and ligtit gray (N7) calcaeous material, hard to very 
hard, with some vugs. 2110.3-2110.7. Gradual 
transition from oive gray (5Y 4/1) dolostone into yellowish gray (SY 7/2) limestone. 2109.0 2110.0 1 45 13.1 48 18 

2107.8-2110.3: DOLOSTONE. Dolostone. 100%, Dghl dive gray (5Y 4/1), line crystalline, with numerous 
brighter, inegular intraclasts of yellowish gray (5Y 7/2) and ligtit gray (N7) calcaeous material, hard to very 
hard, with some vugs. 2110.3-2110.7. Gradual 
transition from oive gray (5Y 4/1) dolostone into yellowish gray (SY 7/2) limestone. 

2110.0 21110 1 50 131 52 15 

2107.8-2110.3: DOLOSTONE. Dolostone. 100%, Dghl dive gray (5Y 4/1), line crystalline, with numerous 
brighter, inegular intraclasts of yellowish gray (5Y 7/2) and ligtit gray (N7) calcaeous material, hard to very 
hard, with some vugs. 2110.3-2110.7. Gradual 
transition from oive gray (5Y 4/1) dolostone into yellowish gray (SY 7/2) limestone. 

1 2111.0 2112.0 1 5.0 131 53 7 

1 2112.0 2113.0 1 5.0 131 55 5 2110.7-2112.9: LIMESTONE: Limestone, 100%, yellowish gray (5Y 7/2) to light oDve gray (5Y 5/2), 

2113.0 21140 1 50 13.1 52 5 
grainstone, fine grained, with trace of fossils and trace d phosphate, vuggy to porous, poorty- moderately 
well- cemented, soft to moderately hard, fragmented between 2112.3 and 2113 9 R bpl, and becoming more 

2114.0 2115.0 1 5.0 132 50 7 
competent below 2113.9 fl bpl. 

2115.0 2116.0 1 45 131 52 5 
Total Cored (feet): 16.0 

^PAf denotes rate |»r minute of cortng barrel 
'W)B ' denotes weight on coring banvl 
IbaT denotes pouncts 
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ARCADIS 

Injection Well IW1 
Core Sample No. 4 

CORE INVENTORY 

Key Largo WTD Injection Well System 
Key Largo, Florida 

Total Depth Drilled: 18 feet Date: 1/14/2009 

Core Barrel Length: 30 feet Sampling Interval: 2100-2116 ft bpi 
Core Barrel Diameter ID: 4-inches Hole Diameter 8 inches 

Drilling Fluid Used: water Recovery (%): 87 

Depth 
feet bpi) 

Interval 

Length 
feet 

Core Description 
From I To 

2100.00 2100.30 0.30 Ls, sohd, massive. 

2100.30 2100.50 0.20 Ls, solid, massive. 

2100.50 2100.80 0.30 Ls, solid, massive. 

2100.80 2101.00 0.20 Ls, solid, massive. 

2101.00 2101.35 0.35 Ls, solid, massive. 

2101.35 2101.70 0.35 Ls, solid, massive. 

2101.70 2102.05 0.35 Ls, solid, slightly vuggy. 

2102.05 2102.55 0.50 Ls, solid, massive. 

2102.55 2103.50 0.95 Ls, solid, massive. 

2103.50 2103.80 0.30 Ls, solid, massive. 

2103.80 2104.00 0.20 Ls, vuggy, fragile. 

2104.00 2104.70 0.70 Ls, vuggy on top half. 

2104.70 2105.40 0.70 Ls, very vuggy. 

2105.40 2108.40 1.00 Ls, vuggy on top half. 

2106.40 2106.85 0.45 Ls, solid, slightly vuggy. 

2106.85 2107.15 0.30 Ls, uneven cut on top/bottom. 

2107.15 2107.80 0.65 Ls/dIs transition, solid, v. hard, uneven cut on top. 

2107.80 2108.15 0.35 Dls, uneven cut on top/bottom 

2108.15 2108.30 0.15 Dls, uneven cut on top/bottom 

2108.30 2108.75 0.45 Dls, solid, massive 

2108.75 2109.00 0.25 Dls, uneven cut on top/bottom 

2109.00 2109.40 0.40 Dls, uneven cut on top/bottom 

2109.40 2109.75 0.35 Dls, uneven cut on top/bottom 

2109.75 2110.00 0.25 Dls, uneven cut on top/bottom 

2110.00 2110.25 0.25 Ls, dolomitic, solid, massive 

2110.25 2110.65 0.40 Ls, dolomitic, solid, vuggy, uneven cut 

2110.65 2110.90 0.25 Ls, dolomitic, solid, massive 

2110.90 2111.85 0.75 Ls, solid, slightly vuggy. 

2111.65 2112.00 0.35 Ls, uneven cut on top/bottom. 

2112.00 2112.35 0.35 Ls, vuggy, crumbling 

2112.35 2112.80 0.45 Ls, fragments 1-4". 

2112.80 2113.40 0.60 Ls, vuggy, crumbling 
2113.40 2113.90 0.50 Ls, vuggy, crumbling 

Total Core Length (feet): 13.9 

"bpi" denotes below pad level 

Sections in bold were selected for lab. analyses. 
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§ ARCADIS 
injection Weii iWI 
Core Sample No. 4 

CORE INVENTORY 
Key Largo WTD Injection Well System 

Key Largo, Florida 

Total Deptti Drilled: 16 feet Date: 1/14/2009 
Core Barrel Lengtti: 30 feet Sampling Interval: 2100-2116 ft bpl 
Core Barrel Diameter ID: 4-inches Hole Diameter 8 inches 
Drilling Fluid Used: water Recovery (%): 87 

Depth Interval 
(feet bpl) Length Core Description 

From To feet 
2100.00 2100.30 0.30 Ls, solid, massive. 
2100.30 2100.50 0.20 Ls, solid, massive. 
2100.50 2100.80 0.30 I.S, solid, massive. 
2100.80 2101.00 0.20 l-s, solid, massive. 
2101.00 2101.35 0.35 Ls, solid, massive. 
2101.35 2101.70 0.35 l-s, solid, massive. 
2101.70 2102.05 0.35 Ls, solid, slightly vuggir. 
2102.05 2102.55 0.50 Ls, solid, massive. 
2102.55 2103.50 0.95 Ls, solid, massive. 
2103.50 2103.80 0.30 Ls, solid, massive. 
2103.80 2104.00 0.20 I.S, vuggy, fragile. 
2104.00 2104.70 0.70 l-s, vuggy on top half. 
2104.70 2105.40 0.70 l-s, very vuggy. 
2105.40 2108.40 1.00 Ls, vuggy on top half. 
2106.40 2106.85 0.45 Ls, solid, slightly vuggy. 
2106.85 2107.15 0.30 Ls, uneven cut on top/twttom. 
2107.15 2107.80 0.65 Ls/dls transition, solid, v. Iiard, uneven cut on top. 
2107.80 2108.15 0.35 Ols, uneven cut on top/bottom 
2108.15 2108.30 0.15 DIs, uneven cut on top/bottom 
2108.30 2108.75 0.45 DIs, solid, massive 
2108.75 2109.00 0.25 Ols, uneven cut on top/bottom 
2109.00 2109.40 0.40 Ols, uneven cut on top/bottom 
2109.40 2109.75 0.35 DIs, uneven cut on top/bottom 
2109.75 2110.00 0.25 Ols, uneven cut on top/bottom 
2110.00 2110.25 0.25 i-s, dolomitic solid, massive 
2110.25 2110.65 0.40 Ls, dolomitic, solid, vuggy, uneven cut 
2110.65 2110.90 0.25 Ls, dolomitic, solid, massive 
2110.90 2111.65 0.75 Ls, solid, slightly vuggy. 
2111.65 2112.00 0.35 Ls, uneven cut on top/bottom. 
2112.00 2112.35 0.35 l-s, vuggy, crumbling 
2112.35 2112.80 0.45 Ls, fragments 1-4". 
2112.80 2113.40 0.60 l-s, vuggy, crumbling 
2113.40 2113.90 0.50 Ls, vuggy, crumbling 

Total Core Length (feet): 13.9 
"bpl" denotes below pad level 
Sections in bold were selected for lab. analyses. 
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ARCADIS CORE LOG SUMMARY 

Key Largo WTD Injection Well System 

Key Largo, Florida 
Injection Well IW1 

Core Sample No. 5 

Total Depth Drilled: 15 feet Date: 1/18/2009 
Core Barrel Length: 30 feet Sampling Interval: 2182-2197 ft bp, 
Core Barrel Diameter ID: 4-inches Hole Diameter: 8 inches 
Drilling Fluid Used: water Recovery (%): 95 

Depth 
(feet bpi) 

Interval 
Length 

(feet) 

WOB 

x 1000 lbs, 

RPM Pressure 

(PSI) 

ROP 

(mintft) 
Core Description 

From I To 

2182.0 2183.0 1 5.5 13.0 22 23 2182.0-2184.8 DOLOSTONE AND LIMESTONE; Dolostone, 60%. yellowish gray (5Y 7/2) to light olive gray 
(5Y 6/1), fine crystalline, slightly vuggy with frequent, large intradasts of yellowish gray (5Y W1) calcareous 
material of irregular ehape,(up to 40%),sllghtly phospludic, well cemented, hard. 

2184.8-2188.7: LIMESTONE; Limestone.100%, yellowish gray (5Y 7/2 to 8/1), mostly packstone, some 
graInstone, slightly dolomitic, with trace of fossils and trace of phosphate, very fine- to fine- grained, 
competent, with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, black 
(phosphate?) laminas at the bottom. 

2163.0 2184.0 1 5.0 13.0 37 28 

2184.0 2185.0 1 6.0 12.9 55 29 

2185.0 2188.0 1 5.5 13.0 50 28 

2186.0 2187.0 1 5.0 13.0 55 39 

2187.0 2188.0 1 5.5 13.0 50 40 

2188.0 2189.0 1 5.0 12.9 45 35 

2189.0 2190.0 1 5.5 12.9 50 27 
2188.7-2189.5: DOLOSTONE: Dolostone. 100%. light olive grey (51,  6/1), fine aystalline, with frequent 
irregular 'weasels of calcareous material (up to 20%), hard. 

2190.0 2191.0 1 5.0 12.9 50 33 
2189.5-2191.8: LIMESTONE; Llmestone,100%, yellowish grey (5Y 7/2 to 8/1), mostly packstone, some 
gralnstone, slightly dolomitic, with trace of fossils and trace of phosphate, very fine- to fine- grained, 
competent, with laminas of darker material on top and becorrdng dolomitic from 21912 ft bpi. 

2191.0 2192.0 1 5.0 12.9 55 19 

2192.0 2193.0 1 4.5 12.9 66 19 
2191.8-2193.8: DOLOSTONE: Dolostone, 100%, gray yellowish orange (10YR 7/4) to pale yellowish brown 
(10YR 6/2), fine crystalline, stighdy vuggy to vuggy near bottom, very hard. 

2193.0 2194.0 1 4.0 12.9 45 34 

2194.0 2195.0 1 5.0 12.9 50 24 
2193.8-2196.3: LIMESTONE; Limestone,100%, yellowish gray (5Y 7/2 to 8/1), mostly packstone, some 
gralnstone, slightly dolomitic, with trace of fossils and trace of phosphate, very fine- to fine- grained, 
competent, with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, black 
(phosphate?) laminas to 2194.6 fl bpl. 2195.0 2198.0 1 4.5 12.8 50 20 

2196.0 2197 0 1 4.0 12.9 45 19 

Total Cored (feet): 15.0 

  

denotes below pad level 
'RPM' denotes fate per minute of coring barrel 
'WOB' denotes weight on coring barrel 
"lbs" denotes pounds 
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ÂRCADIS 
Injection Well IWI 

Core Sample No. 6 

CORE LOG SUMUflARY 
Key Largo WTD Injection Well System 

Key Largo, Florida 

Total Depth Drilled: ISfeet Date: 1/16/2009 
Core Barrel Length: 30 feet Sampling Interval: 2182-2197 ft bpl 
Core Barrel Diameter ID: 4-lnches Hole Diameter 8 Indies 
DrilUng Fluid Used: water Recovery (%): 95 

Depth 
(feet bpl) 

Interval 
Length 

(feet) 

WOB 

X1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(min/ft) 
Core Description 

From 

2182.0 

To 

Interval 
Length 

(feet) 

WOB 

X1000 lbs 

RPM Pressure 

(PSI) 

ROP 

(min/ft) 
Core Description 

From 

2182.0 2183.0 1 5.5 13.0 22 23 2182.0-2184.6 DOLOSTONE AND LIMESTONE; Dolostone, 60%. yellowish gray (SY 7/2) to Ught olive gray 
t^W A / 1 \ flfM nwntn i l i nn ftllntiHw wiirvtw urfth f ramiAnt IftmA in tmdnRtA n l wAltnurich nmw f i V f U i \ m l m m A i i f i 

2183.0 2184.0 1 S.0 13.0 37 26 
\ t j I w I f t lu io u jou iuu iU i DU^i iuj vnui i i o ^um i i t KUifo ii iuciwuioio u i yoiiwwiDf i ypoy \ t j i or t j <«iiw<cipmwi 
material of Irregular shape,(i4> to 40%),sllgtitly pliosphatic, well cemented, hard. 

2184.6-2188.7: LIMESTONE: Limestone. 100%, yellowish gray (SY 7/2 to 8/1), mostly packstone, some 
grainstone, slightly dolomitic, witti trace of tbssils and trace of phosphate, very fine- to Ane- grained, 
competent with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, black 
(phospliate?) laminas at ttie bottom. 

2184.0 2185.0 1 6.0 12.9 55 29 

\ t j I w I f t lu io u jou iuu iU i DU^i iuj vnui i i o ^um i i t KUifo ii iuciwuioio u i yoiiwwiDf i ypoy \ t j i or t j <«iiw<cipmwi 
material of Irregular shape,(i4> to 40%),sllgtitly pliosphatic, well cemented, hard. 

2184.6-2188.7: LIMESTONE: Limestone. 100%, yellowish gray (SY 7/2 to 8/1), mostly packstone, some 
grainstone, slightly dolomitic, witti trace of tbssils and trace of phosphate, very fine- to Ane- grained, 
competent with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, black 
(phospliate?) laminas at ttie bottom. 

2185.0 2166.0 1 5.5 13.0 50 26 

\ t j I w I f t lu io u jou iuu iU i DU^i iuj vnui i i o ^um i i t KUifo ii iuciwuioio u i yoiiwwiDf i ypoy \ t j i or t j <«iiw<cipmwi 
material of Irregular shape,(i4> to 40%),sllgtitly pliosphatic, well cemented, hard. 

2184.6-2188.7: LIMESTONE: Limestone. 100%, yellowish gray (SY 7/2 to 8/1), mostly packstone, some 
grainstone, slightly dolomitic, witti trace of tbssils and trace of phosphate, very fine- to Ane- grained, 
competent with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, black 
(phospliate?) laminas at ttie bottom. 

2188.0 2187.0 1 SO 13.0 55 39 

\ t j I w I f t lu io u jou iuu iU i DU^i iuj vnui i i o ^um i i t KUifo ii iuciwuioio u i yoiiwwiDf i ypoy \ t j i or t j <«iiw<cipmwi 
material of Irregular shape,(i4> to 40%),sllgtitly pliosphatic, well cemented, hard. 

2184.6-2188.7: LIMESTONE: Limestone. 100%, yellowish gray (SY 7/2 to 8/1), mostly packstone, some 
grainstone, slightly dolomitic, witti trace of tbssils and trace of phosphate, very fine- to Ane- grained, 
competent with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, black 
(phospliate?) laminas at ttie bottom. 

2187.0 2188.0 1 5.5 13.0 SO 40 

\ t j I w I f t lu io u jou iuu iU i DU^i iuj vnui i i o ^um i i t KUifo ii iuciwuioio u i yoiiwwiDf i ypoy \ t j i or t j <«iiw<cipmwi 
material of Irregular shape,(i4> to 40%),sllgtitly pliosphatic, well cemented, hard. 

2184.6-2188.7: LIMESTONE: Limestone. 100%, yellowish gray (SY 7/2 to 8/1), mostly packstone, some 
grainstone, slightly dolomitic, witti trace of tbssils and trace of phosphate, very fine- to Ane- grained, 
competent with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, black 
(phospliate?) laminas at ttie bottom. 

2188.0 2189.0 1 5.0 12.0 45 35 

\ t j I w I f t lu io u jou iuu iU i DU^i iuj vnui i i o ^um i i t KUifo ii iuciwuioio u i yoiiwwiDf i ypoy \ t j i or t j <«iiw<cipmwi 
material of Irregular shape,(i4> to 40%),sllgtitly pliosphatic, well cemented, hard. 

2184.6-2188.7: LIMESTONE: Limestone. 100%, yellowish gray (SY 7/2 to 8/1), mostly packstone, some 
grainstone, slightly dolomitic, witti trace of tbssils and trace of phosphate, very fine- to Ane- grained, 
competent with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, black 
(phospliate?) laminas at ttie bottom. 

2189.0 2190.0 5.5 12.0 50 27 
2188.7-2189.5: DOLOSTONE: Dolostone. 100%, Ught oUve gray (SY 8/1), fine oystalUne, with IrequenL 
Irregular inbadasts of calcareous material (up to 20%), hard. 

2190.0 2191.0 1 5.0 12.9 SO 33 
2189.5-2191.8: LIMESTONE; Umestone,100%, yeUowlsh gray (5Y 7/2 to 8/1), mostly packstone, some 
grainstone, slightly dolomlUc, with trace of tbssils and trace of phosphate, veiy fine- to fine- grained. 

2191.0 2192.0 1 5.0 12.9 55 19 
competent, with laminas of dariter material on top and becoming dolomitic from 2191.2 ft bpl. 

2192.0 2193.0 1 4.5 12.9 66 19 
2191.8-2193.8: DOLOSTONE: Dolostone, 100%, gray yellowish orange (10YR 7/4) to pale yellowish brown 
(10YR 6/2), fine oystalline, sUghtly vuggy to vuggy near bottom, veiy hard. 

2193.0 2194.0 1 4.0 12.9 45 34 

2191.8-2193.8: DOLOSTONE: Dolostone, 100%, gray yellowish orange (10YR 7/4) to pale yellowish brown 
(10YR 6/2), fine oystalline, sUghtly vuggy to vuggy near bottom, veiy hard. 

2194.0 2195.0 1 5.0 12.9 50 24 
2193.8-2196.3: LIMESTONE; Llmestone,100%, yeUowlsh gray (SY 7/2 to 8/1), mostly packstone, some 
grainstone, sligliUy dolomitic, with trace of Ibssils and trace of phosphate, very fine- to fine- grained. 

2195.0 2196.0 1 4.5 12.8 SO 20 
competent, with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, Uack 
(phosphate?) laminas to 2194.6 fl bpl. 

2196.0 2197 0 1 4.0 12.9 45 19 

competent, with trace of vugs, well- cemented, moderately hard to hard, numerous, horizontal, Uack 
(phosphate?) laminas to 2194.6 fl bpl. 

Total Cored (teet): 1S.0 

'RPM* denotes rate per minute of coring ban^ 
"WOB" denotes weight on coring barrel 
HbsT denotes pounds 
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ARCAD1S CORE INVENTORY 

Key Largo WTD Injection Well System 
Key Largo, Florida 

Injection Well IW1 
Core Sample No. 5 

Total Depth Drilled: 15 feet Date: 1/16/2009 

Core Barrel Length: 30 feet Sampling Interval: 2182-2197 ft bpi 

Core Barrel Diameter ID: 4-inches Hole Diameter 8 inches 

Drilling Fluid Used: water Recovery (%): 95 

Depth 
(feet bpi) 

Interval 

Length 
feet 

Core Description 

From I To 

2182.00 2182.35 0.35 Dls, solid, massive, slightly vuggy 

2182.35 2182.95 0.60 Dls, solid, massive. 

2182.95 2183.20 0.25 Ls, solid, massive. 

2183.20 2183.45 0.25 Ls, solid, massive. 

2183.45 2183.75 0.30 Ls, solid, massive. 

2183.75 2184.15 0.40 Dls, solid, massive, slightly vuggy 

2184.15 2184.65 0.50 Dls, solid, uneven cut 

2184.65 2185.05 0.40 Ls, solid, vuggy 

2185.05 2185.30 0.25 Ls, solid, slightly vuggy 

2185.30 2185.70 0.40 Ls, solid, massive. 

2185.70 2186.40 0.70 Ls, solid, massive. 

2186.40 2188.75 0.35 Ls, solid, massive. 

2186.75 2186.90 0.15 Ls, solid, massive. 

2186.90 2187.15 0.25 Ls, solid, massive. 

2187.15 2187.55 0.40 Ls, solid, massive. 

2187.55 2188.20 0.85 Ls, solid, massive. 

2188.20 2188.50 0.30 Ls, solid, massive. 

2188.50 2188.75 0.25 1-s/Dls, solid 

2188.75 2189.35 0.60 Dls, vuggy with calcareous intraclasts 

2189.35 2189.70 0.35 Ls/Dls, solid, slightly vuggy 

2189.70 2190.95 1.25 Ls, solid, slightly vuggy 

2190.95 2191.25 0.30 Ls, vuggy 
2191.25 2191.80 0.55 Ls, dolomitic, solid, massive. 

2191.80 2192.45 0.65 Dls, uneven cut, sightly vuggy 

2192.45 2193.15 0.70 Dls, vuggy with healed fractures 

2193.15 2193.75 0.60 Dls, vuggy with calcareous intraclasts 

2193.75 2194.05 0.30 Ls, solid, with laminas, partly vuggy 

2194.05 2194.65 0.60 Ls, solid, with laminas, vuggy 

2194.65 2195.75 1.10 Ls, solid, slightly vuggy 
2195.75 2196.30 0.55 Ls, slightly vuggy to vuggy 

Total Core Length (feet): 14.3 

"bpi" denotes below pad level 
Sections In bold were selected for lab. analyses. 

G IAProjects1WMF PROJECTM156000-KEY LARGO Winne, Construction & Testing ReportlAppendicesZore.0 5.xls 

ARCADIS CORE INVENTORY 

Key Largo WTD injection Weii System 
Key L r̂go, Florida 

Injection Well IW1 
Core Sample No. 5 

Total Depth Drilled: ISfeet Data: 1/16^009 
Core Barrel Length: 30 feet Sampling Interval: 2182-2197 fl bpl 
Core Barrel Diameter ID: 4-inches Hole Diameter 8 inches 
Drilling Fluid Used: water Recovery (%): 95 

Depth Interval 
(feet bpl) Length Core Description 

From To feet 
2182.00 2182.35 0.35 DIs, solid, massive, slightly vuggy 
218Z35 2182.95 0.60 DIs, solid, massive. 
2182.95 2183.20 0.25 Ls, solid, massive. 
2183.20 2183.45 0.25 Ls, solid, massive. 
2183.45 2183.75 0.30 Ls, solid, massive. 
2183.75 2184.15 0.40 DIs, solid, massive, slightly vuggy 
2184.15 2184.65 0.50 DIs, solid, uneven cut 
2184.65 2185.05 0.40 Ls, solid, vuggy 
2185.05 2185.30 0.25 Ls, solid, slightly vuggy 
2185.30 2185.70 0.40 Ls, solid, massive. 
2185.70 2186.40 0.70 Ls, solid, massive. 
2186.40 2186.75 0.35 Ls, solid, massive. 
2186.75 2186.90 0.15 1^, solid, massive. 
2186.90 2187.15 0.25 Ls, solid, massive. 
2187.15 2187.55 0.40 Ls, solid, massive. 
2187.55 2188.20 0.65 Ls, solid, massive. 
2188.20 2188.50 0.30 Ls, solid, massive. 
2188.50 2188.75 0.25 Ls/Ols, solid 
2188.75 2189.35 0.60 DIs, vuggy with calcareous intraclasts 
2189.35 2189.70 0.35 Ls/Dls, solid, slightly vuggy 
2189.70 2190.95 1.25 Ls, solid, slightly vuggy 
2190.95 2191.25 0.30 1-S, vuggy 
2191.25 2191.80 0.55 Ls, dolomitic, solid, massive. 
2191.80 2192.45 0.65 DIs, uneven cut, sightly vuggy 
2192.45 2193.15 0.70 DIs, vuggy with healed ft^ctures 
2193.15 2193.75 0.60 DIs. vuggy with calcareous intraclasts 
2193.75 2194.05 0.30 Ls, solid, with laminas, partly vuggy 
2194.05 2194.65 0.60 Ls, solid, with laminas, vuggy 
2194.65 2195.75 1.10 Ls, solid, slightly vuggy 
2195.75 2196.30 0.55 Ls, slightly vuggy to vuggy 

Total Core Length (feet): 14.3 

"bpr denotes below pad level 
Sections In bold were selected for lab. analyses. 
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MAI Geotechnical, Environmental and 
Materials Consultants 

igigy ilm Ardaman & Associates, Inc. 

May 26, 2009 
File Number 09-022 

RECEIVED 

MAI 2 8 2009 

Youngquist Brothers, Inc. 
15465 Pine Ridge Road 
Ft. Myers, FL 33908 

Attention: Wu Fei 

Subject: Rock Core Testing, Key Largo WTD Injection Well System 

Ms. Fei: 

As requested, vertical and horizontal permeability, unconfined compression and specific gravity 
tests have been completed on limestone rock cores provided for testing by your firm. The samples 
were received on 01/28/09. The designations of the 15 samples are listed below. 

Core I Depth (feet) 

1 

1729.7-1730.2 

1733.3-1734.55 

1736.1-1737.0 

2 

1858.5-1860.35 

1862.4-1863.0 

1868.45-1869.2 

3 

1982.85-1983.8 

1987.85-1988.5 

1990.4-1991.3 

4 

2102.55-2103.5 

2107.15-2107.8 

2110.9-2111.85 

5 

2182.35-2182.95 

 2187.55-2188.2 

2191.25-2191.8 

The permeability tests were performed in general accordance with ASTM Standard D 5084 
"Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall 
Permeameter using the constant head test method (Method A). The permeability test results are 
presented on the attached hydraulic conductivity test reports. 

8008 S. Orange Avenue 32809, Post Office Box 593003, Orlando. Florida 32859-3003 Phone (407) 855-3880 FAX (407) 859-8121 

Louisiana: Alexandria, Baton Rouge, Monroe, New Orleans, Shreveport 
Florida: Bartow, Cocoa, Fort Myers, Miami. Orlando, Port Charlotte, Port St. Lucie, Sarasota, Tallahassee, Tampa, West Palm Beach 

Ardaman & Associates, Inc. 
Geotechnical, Environmental and 
Materials Consultants 

m 2 8 2009 

May 26, 2009 
File Number 09-022 

Youngquist Brotliers, Inc. 
15465 Pine Ridge Road 
Ft. Myers, FL 33908 

Attention: 
Subject: 
Ms. Fei: 
As requested, vertical and horizontal pemneability, unconfined compression and specific gravity 

ôurfim 
below. 

WuFei 
Rock Core Testing, Key Largo WTD Injection Well System 

<-.«> •»M»<»'»u, vertical and horizontal permeability, unconfined compressid 
tests have been completed on limestone rock cores provided for testing by your firm. The samples 
were received on 01/28/09. The designations of the 15 samples are listed I 

Core Oecth (feet) 

1729.7-1730.2 

1 1733.3-1734.55 

1736.1-1737.0 

1858.5-1860.35 

2 1862.4-1863.0 

1868.45-1869.2 

1982.85-1983.8 

3 1987.85-1988.5 

1690.4-1991.3 

2102.55-2103.S 
4 2107.15-2107.8 

2110.9-2111.65 

2182.35-2182.95 

5 2187.55-2188.2 

2191.25-2191.8 

The penneability tests were perfonned in general accordance with ASTM Standard D 5084 
"Measurement of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall 
Permeameter" using the constant head test method (Method A). The penneability test results are 
presented on the attached hydraulic conductivity test reports. 

8008 S. Orange Avenue 32809, Post OfRce Box 593003, Orlando, Rorida 32859-3003 Phona (407) 855-3880 FAX (407) 859-8121 
Louisiana: Alexandria, Baton Rouge, Monroe, New Orleans, Stireveport 

Florida: Bartow, Cocoa, Fort Myers, Miami, Orlando, Port Cliarlotte, Port SL Lucie, Sarasota, Tallahassee, Tampa, West Palm B«>acli 



Youngquist Brothers, Inc. 
File Number 09-022 -2- 

The unconfined compression tests were performed in general accordance with ASTM Standard D 
7012 °Compressive Strength and Elastic Moduli of Intact Rock Core Specimens under Varying 
States of Stress and Temperatures" using the unconfined test method (Method C). The unconfined 
compression test results are presented on the attached test reports. 

The measured mineral specific gravities are presented on the attached test reports. The specific 
gravity tests were performed in general accordance with ASTM Standard D 854 "Specific Gravity 
of Soil Solids by Water Pycnometer" using 45 to 85 gram specimens ground to pass the U.S. 
Standard No. 40 sieve. 

The specimens were reported to be from the samples designated herein. The test results are 
indicative of only the specimens that were actually tested. The test results presented are based 
upon accepted industry practice as well as test method(s) listed. Ardaman & Associates, Inc. 
neither accepts responsibility for, nor makes claims to the final use and purpose of the material. 

Archie's cementation exponent and coefficient tests are in-progress. The test results will be 
submitted as the tests are completed. 

Please contact us if you have any questions about the test results or require additional information. 

Very t yours, 
AR N & ASSOCIATES, INC. 

/ 

o g 

Laboratory Director 
Florida License No. 31987 

TSI/ed 

CADocuments end SedingnyanmadmanOccuments1Projects109109-022VeportOlmpd 

Youngquist Brothers, Inc. 
File Number 09-022 

The unconfined compression tests were perfomied in general accordance with ASTM Standard D 
7012 "Compressive Strength and Elastic Moduli of Intact Rock Core Specimens under Varying 
States of Stress and Temperatures' using the unconfined test method (Method C). The unconfined 
compression test results are presented on the attached test reports. 
The measured mineral specific gravities are presented on the attached test reports. The specific 
gravity tests were performed in general accordance with ASTM Standard D 854 "Specific Gravity 
of Soil Solids by Water Pycnometer" using 45 to 85 gram specimens ground to pass the U.S. 
Standard No. 40 sieve. 

The specimens were reported to be from the samples designated herein. The test results are 
indicative of only the specimens that were actually tested. The test results presented are based 
upon accepted industry practice as well as test method(s) listed. Ardaman & Associates, Inc. 
neither accepts responsibility for, nor makes claims to the final use and purpose of the material. 

Archie's cementation exponent and coefficient tests are tn-progress. The test results will be 
submitted as the tests are completed. 

Please contact us if you have any questions about the test results or require additional information, 
yours, 

>̂N& ASSOCIATES, INC. 

Thontas^rtngi^,^ 
Laboratory Director 
Florida License No. 31987 

TSI/ed 
C:\Oocuments and Satttng9\|an.wMnian\Oacumants\Pra|ectS\09\09.022\iapait01.v«pd 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youngguist Brothers, Inc. 

PROJECT.  Key Largo WTD Injection Well System 

FILE NO.:  09-022  

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/02/09 

DATE REPORTED:  05/26/09 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  97 % 0 Beginning of Test; 
a End of Test 

Ack (psi): 10 

INCOMING LABORATORY SAMPLE NO.: Core 1, 1729.7' - 1730.2' 

LABORATORY IDENTIFICATION NO.: 09022/C1AV 

SAMPLE DESCRIPTION:  Light brown limestone (v. sl. vuggv) 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: 0 Yes a No 
As-Received Length (inch):5.9/4.5* Length Trimmed: a Yes 0 No 

TEST SPECIMEN ORIENTATION: a Vertical 0 Horizontal 

SPECIFIC GRAVITY, Gi:  2.72 n Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water 0 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

Yd n S Er„ ub i Q t WDS w. S km 
(cm) (cm) (cm') (%) (PO (%) (psi) (Psi) 

s,,, (cm3) (days) (9) (%) (%) (cm/sec) 

7.94 9.97 620.26 6.8 143.1 0.157 100 30 160 37 1.4 2 1422.8 6.8 100 1.2 x 10-7 

COMMENTS:(1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final wo  from horizontal permeability test specimen. WDS calculated from measured wet weight and final w.. 
* First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; CI = Specimen diameter; V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); y.= Dry density; S = Saturation; v, a Isotropic effective 
confining stress; u, = Back-pressure; i., = Average hydraulic gradient; Q = Flow volume; t = Test duration; k, = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G.= Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngquist Brothers. Inc. 

PROJECT. Key Lamo WTD Injection Welj System 

FILE NO.: 09-022 

DATE SAIWPLE RECEIVED: 01/28/09 SET UP: 02/02/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAJWPLE NO.: Core 1,1729.7'-1730.2' 

LABORATORY IDENTIFICATION NO.: 09022/C1AV 

S/VIVIPLE DESCRIPTION: Light brown limestone (v. sl. vuoav) 

ASTM D 5084 TEST METHOD: 
B A - Constant Head 
• B - Falling Head; Constant Tailwater 
p C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

SPECIMEN DATA: 
As-Received Diameter (Inch): 4 
As-'Received Length (inch):5.9/4.5* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: 
Length Trimmed: 

a Vertical 

• Yes 
B Yes 

B No 
o No 

• Horizontal 

B-FACTOR: 97 _% o Beginning of Test; 
a End of Test 

SPECIFIC GRAVITY, G,: 2.72 • /^sumed 
a Measured (ASTM D 854) 

AOc (psi): 10 PERMEANT: e I Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') 
Wc 

(%) (pcf) n S 
(%) 

o „ 
(psi) (psi) 

Q 
(cm') 

t 
(days) 

WDS 
(g) 

w. 
(%) 

S 
(%) 

Hydraulic 
Conductivity 

(cm/sec) 

7.94 9.97 620.26 6.8 143.1 0.157 100 30 160 37 1.4 2 1422.8 6.8 100 1.2x10-7 

COMMENTS:(1) Core sample selected for pemneabllity testing was cut to length, air-dried, desired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vat^ium. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w,̂  
* First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project infoimation presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates. Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); = Dry density; S = Saturation; o , " Isotropic efffecUve 
confining stress; û  = Back-pressure; i ^ = Average hydraulic gradient; Q = Flow volume; t = Test duration; k̂ o - Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G., = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younnouist Brothers, Inc. 

PROJECT: Ky Largo WTD Infection Well System 

FILE NO.:09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09  

INCOMING LABORATORY SAMPLE NO.: Core 1, 1729.T - 1730.2' 

LABORATORY IDENTIFICATION NO.:  09022/C1AH 

SAMPLE DESCRIPTION:  Light brown limestone (v. gl. v,rogv) 

ASTM D 5084 TEST METHOD: 
® A - Constant Head 
0 B - Falling Head; Constant Taitwater 
0 C - Falling Head; Rising Taitwater 
o F - Constant Volume; Falling Head - Rising Taitwater 

B-FACTOR:  98 Beginning of Test; 
® End of Test 

Da, (psi):  16  

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):5.9/4.5*  

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G.:  2,72  

PERMEANT: e Deaired Tap Water  

Diameter Trimmed: is Yes 0 No 
Length Trimmed: 1E1 Yes 0 No 

0 Vertical is Horizontal 

Assumed 
e Measured (ASTM D 854) 

0 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm3) 

w. 
(%) 

yd  
(Pct) 

n S 
(%) 

Fr. 
(Psi) 

ti, 
(Psi) jag 

0 
(cm) 

t 
(days) (C) 

WDS S 
(%) w (%) 

k20  
(cm/sec) 

7.86 5.05 157.35 6.8 143.1 0.157 99 30  160 26 1.0 2 360.75 6.8 99 3.2 x 10-7 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
' First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period Is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w.= Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; 77. = Isotropic effective 
confining stress; ub  = Back-pressure; i,,, = Average hydraulic gradient; Q = Flow volume; t = Test duration; kw = Saturated hydraulic conductivity at 20*C; n is Total porosity; 
and G, = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngquist Brothers, Inc. 

PROJECT: Key Larno WTD inlection Well System 

FILE NO.:09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core 1 .1729. r -1730.2' 

LABORATORY IDENTIFICATION NO.: 09022/C1AH 

SAMPLE DESCRIPTION: Uoht brown limestone (v. sl. VUQQV) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Failing Head - Rising Tailwater 

B-FACTOR: 98 .% • Beginning of Test; 
a End of Test 

Aa, (psi): j l6 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inchV5.9/4.5* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes 
Length Trimmed: a Yes 

• Vertical 

• No 
• No 

a Horizontal 

SPECIFIC GRAVITY. G.: 2 7 2 • Assumed 
a Measured (ASTM 0 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Rnal Conditions Hydraulic 
Conductivity 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') (%) 
Yd 

(pcf) 
S 

(%) (psi) (psi) 
Q 

(cm') 
t 

(days) 
WDS 

(9) 
w. 
(%) 

S 
(%) 

7.86 5.05 157.35 6.8 143.1 0.157 99 30 160 26 1.0 360.75 6.8 99 3.2x10-7 

COMMENTS: (1) Horizontal peimeability test specimen was cross-cored from the corresponding vertk»l test specimen. 
* First length is total sample length. Second length Is useable length at full core diameter. 

The test data and all associated project informatton presented hereon shall be heM in confidence and disctosed to other parties only with the authorization of the Client or Ardaman 
& Associates. Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 woiking days after mailing of 
the test report, prior to being discarded, unless a k>nger storage period Is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter V = Volume; WDS = Diy mass; w, <= Moisture content (ASTM D 2216); v„ = Dry density; S Saturation; o, = Isotropic effective 
confining stress; û  ° Back-pressure; 1 . , = Average hydraulic gradient; Q " Flow volume; t = Test duration; kjg - Saturated hydraulic conductivity at 20°C; n B Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younciouist Brothers, Inc.   INCOMING LABORATORY SAMPLE NO.:  Core 1, 1733.3' - 1734.55' 

PROJECT:  Key Largo WTD Injection Well System LABORATORY IDENTIFICATION NO.: 09022/C1BV 

SAMPLE DESCRIPTION:  Brown dolomitic limestone (massive, tr. vuos) 

DATE SAMPLE RECEIVED. 01/28/09 SET UP. 02/03/09 

FILE NO.: 09-022 

DATE REPORTED: 05/26/09 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
a B - Falling Head; Constant Tailwater 
a C - Falling Head; Rising Tailwater 
a F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: % a Beginning of Test; 
e End of Test 

to, (psi):  -  

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: a Yes a No 
As-Received Length (Inch): 13.9/1 .5° Length Trimmed: Yes a No 

TEST SPECIMEN ORIENTATION: a Vertical a Horizontal 

SPECIFIC GRAVITY, G,:  2.81 a Assumed 
Measured (ASTM D 854) 

PERMEANT: Deaired Tap Water 0 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H D V w, 'Id S Ti, th, Q t WDS w, S k,,, 
(cm) (cm) (cm3) (%) (pct)

n  
(%) (psi) (psi) Lli (cm3) (days) (9) (%) (%) (cm/sec) 

9.88 10.07 787.10 4.2 155.8 0.112 95 30 160 64 3.3 3 1965.0 4.2 95 5.0 x 10-9 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final wd  from horizontal permeability test specimen. WDS calculated from measured wet weight and final w,. 
* First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; lid  = Isotropic effective 
confining stress; th, = Back-pressure; I,,,, = Average hydraulic gradient; 0 = Flow volume; t = Test duration; kdo  = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G._, = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Younciauist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE S m P l E RECEIVED. 01/28/09 SET UP. 02/03/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core 1.1733.3' -1734.55' 

LABORATORY IDENTIFICATION NO : 09022/C1BV 

SAMPLE DESCRIPTION: Brown dolomitic limestone (massive, tr. vugs) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
/^-Received Length (Inch): 13.9/11.5* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: • Yes 
Length Trimmed: a Yes 

a Vertical 

a No 
• No 

a Horizontal 

B-FACTOR: • Beginning of Test; 
a End of Test 

SPECIFIC GRAVITY. G.: 2.81 o Assumed 
a Measured (ASTM D 854) 

Ao. (psi): - PERMEANT: s > Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

kjD 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w. 
(%) 

Yd 
(pcf) n S 

(%) (psi) (psi) U Q 
(cm') 

t 
(days) 

WDS 
(g) 

w. 
(%) 

8 
(%) 

Hydraulic 
Conductivity 

kjD 
(cm/sec) 

9.88 10.07 787.10 42 155.8 0.112 95 30 160 64 3.3 3 1965.0 4.2 95 6.0 X 10-9 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 houis, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final Wc from horizontal permeability test specimen. WDS cateulated from measured wet weight and final w,. 
* First length is total sample length. Second length is useable length at full core diameter 

The test data and all associated project infomiation presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Andaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS ° Dry mass; w, = Moisture content (ASTM D 2216); = Dry density; S = Saturation; a, = Isotropic effective 
confining stress; u„ = Back-pressure; I,,, = Average hydraulic gradient; Q = Flow volume; t = Test duration; k,, = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Sfiecific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younnquist Brothers. Inc. 

PROJECT:  Key Largo WTD Injection Well System 

FILE NO.:  09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09  

INCOMING LABORATORY SAMPLE NO.:  Core 1, 1733.3' - 1734.55' 

LABORATORY IDENTIFICATION NO.: 09022/C1BH 

SAMPLE DESCRIPTION:  Brown dolomitic limestone (massive. tr. vuns) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
❑ B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
❑ F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  40 (stable) % o Beginning of Test; 
a End of Test 

Ack (psi):  13, 18, 26, 30  

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):  13.9/11.5* 

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G,:  2.81 

PERMEANT: a Deaired Tap Water  

Diameter Trimmed: a Yes 0 No 
Length Trimmed: a Yes a No 

a Vertical a Horizontal 

a Assumed 
a Measured (ASTM D 854) 

a Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm3) 

w, 
(%) 

Yd 

(Pcf) 
n S 

(%) 
Flo 

(Psi) 
Lit 

(Psi) 
i .9 

Q 
(cm3) 

t 
(days) 

WDS 
(9) 

w. 
(%) 

S 
(%) 

k20 
(cm/sec) 

8.15 5.05 163 45 2.2 155.5 0.113 48 30 160 72 4.3 7 407.33 4.2 94 1.3 x 10-8 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; ii.= Isotropic effective 
confining stress, ui, = Back-pressure; i„„. = Average hydraulic gradient; Q = Flow volume; t = Test duration; k20 = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G,= Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

"CLIENT: Youngquist Brothers. Inp. 

PROJECT: Key Largo WTD Injection Weil System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 

DATE REPORTED: 05/26/09 

SET UP: 02/10/09 

INCOMING LABORATORY SAMPLE NO.: Core 1.1733.3' • 1734.SS' 

LABORATORY IDENTIFICATION NO.: 09022/C1BH 

SAMPLE DESCRIPTION: Brown dolomitic limestone (massive, tr. vuas) 

ASTM D 5084 TEST METHOD: 
B A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 40 (stable) _% • Beginning of Test; 
B End of Test 

Ac . (psi): 13 .18 .26 .30 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch): 13.9/11.5* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes • No 
Length Trimmed: a Yes • No 

• Vertical a Horizontal 

SPECIFIC GRAVITY, G.: 2.81 

PERMEANT: a Deaired Tap Water • Other 

• Assumed 
a Measured (ASTM D 854) 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

(cm/sec) H 
(cm) 

D 
(cm) 

V 
(cm') 

Wc 

(%) 
Yd 

(pcf) 
n S 

(%) 
0 . 

(psi) 
"b 

(psi) 

8.15 5.05 163 45 2.2 155.5 0.113 48 30 160 

Q 
(cm') (days) 

WDS 
(g) 

Wo 

(%) 
s 

(%) 
72 4.3 407.33 4.2 94 1.3x10-8 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
* First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confklence and disclosed to other parties only with ttie authorization of ttie Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 woriung days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & /Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V « Volume; WDS = Dry mass; w, = Moisture content (ASTM O 2216); y., = Dry density; S = Saturation; o, = Isotropic effective 
confining stress, = Back-pressure; i,^ = Average hydraulic gradient; Q = Flow volume; t = Test duration; k,, = Saturated hydraulic conductivity at 20° C; n = Total porosity: 
and G., = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younoquist Brothers. Inc. 

PROJECT:  Key Largo WTD Infection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED:  01/28/09 SET UP:  02/01/09 

DATE REPORTED: 05/26/09 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 99 % o Beginning of Test; 
a End of Test  

INCOMING LABORATORY SAMPLE NO.:  Core 1. 1736.1' - 1737.0'  

LABORATORY IDENTIFICATION NO.:  09022/1CV  

SAMPLE DESCRIPTION:  Brown dolomitic limestone (massive. tr. VMS one  

fracture)  

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: 0 Yes a No 
As-Received Length (inch):10.6/7.7* Length Trimmed: a Yes 0 No 

TEST SPECIMEN ORIENTATION: a Vertical 0 Horizontal 

SPECIFIC GRAVITY, G.:  2.81 ❑ Assumed 
a Measured (ASTM D 854) 

tia, (psi):  9 PERMEANT: a Deaired Tap Water 0 Other 

 

  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H D V w, Yd  S v, ub a t WDS wd  S k2, 
(cm) (cm) (cm') (%) (Pd) (%) 

nId., (psi) (psi) (cm') (days) (9) (%) (%) (cm/sec) 

9.42 10.09 753.13 1.4 162.3 0.074 50 30 160 74 1.0 10 1958.8 2.3 80 1.0 x 10-9 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final wd. 
' First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period Is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); yd= Dry density; S = Saturation; o, = Isotropic effective 
confining stress; up = Back-pressure; kw= Average hydraulic gradient; Q = Flow volume; t = Test duration; 1;20 = Saturated hydraulic conductivity at 20`C; n = Total porosity; 
and G, = Specific gravity.  
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Younocuist Brothers, Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 

DATE REPORTED:.^^6^09 

SET UP: 02/01/09 

INCOMING LABORATORY SAMPLE NO.; Core 1.1736.1'-1737.0' 

LABORATORY IDENTIFICATION NO.: 09022/1CV 

S/VMPLE DESCRIPTION: Brown dolomitic limestone (massh/e. tr. vuas one 

fracture) 

ASTM D 5084 TEST METHOD: 
B A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR;Jg_ • Beginning of Test; 
B End of Test 

AOc (psi):_9 

SPECIMEN DATA: 
As-Recehred Diameter (inch): 4 
As-Received Length finch):10.6/7.7* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: 
Length Trimmed: 

B Vertical 

• Yes 
a Yes 

B No 
• No 

• Horizontal 

SPECIFIC GRAVITY, G.: 2.81 • Assumed 
a Measured (ASTM D 654) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

kjo 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w. 
(%) 

Yd 
(pcf) 

S 
(%) (psi) 

Ub 
(psi) 

Q 
(cm') (days) 

WDS 
(8) 

w. 
(%) 

S 
(%) 

9.42 10.09 753.13 1.4 162.3 0.074 50 30 160 74 1.0 10 1958.8 2.3 80 1.0x10-9 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w,. 
* First length is total sample length. Second lengUi is useable length at full core diameter. 

The test data and all associated project infomiaUon presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic recoids of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period Is lequested In writing and accepted by Ardaman & Associates. Inc. 

Where: H <= Specimen height; D = Specimen diameter; V " Volume; WDS = Diy mass; w, ° Moisture content (ASTM D 2216); y^ Dry density; S ̂  Saturation; = Isotropic effective 
confining stress; u^ = Back-pressure; i„^, = Average hydrauDc gradient; Q = Fkiw volume; t = Test duration; k̂ g = Saturated hydraulic conductivity at 20^C: n = Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youngnuist Brothers Inc.  

PROJECT:  Key Larno VVTD Iniection Well System  

FILE NO.:  08-195  

DATE SAMPLE RECEIVED:  01/28/09 SET UP:  02/16/09  

DATE REPORTED: 05/26/09 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
❑ F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  50 (stable)  % o Beginning of Test; 
a End of Test 

Au, (psi):  8, 14, 25  

INCOMING LABORATORY SAMPLE NO.:  Core 1 1731.1' - 1737.0' 

LABORATORY IDENTIFICATION NO.: 09022/1CH 

SAMPLE DESCRIPTION:  Brown dolomitic limestone (massive.  tr. VUCIS, one 

fracture) 

SPECIMEN DATA: 
As-Received Diameter (inch):  4 Diameter Trimmed: a Yes 0 No 
As-Received Length (inch):10.6/7.7*  Length Trimmed: a Yes 0 No 

TEST SPECIMEN ORIENTATION: 0 Vertical a Horizontal 

SPECIFIC GRAVITY, G.:  2.81 0 Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water 0 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w, 
(`Yo) 

yd 
(Pcf) 

n S 
(%) 

5. 
(Psi) 

(1. 
(Psi) 

i ...o 
Q 

(cm') 
t 

(days) 
WDS 

(9) 
w, 
(%) 

S 
(%) 

ic20 
(cm/sec) 

7.80 5.05 156.53 2.3 162.6 0.073 82 60 130 898 0.73 50 407.83 2.3 82 3.8 x 10-11 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
' First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); yd = Dry density; S = Saturation; Bo = Isotropic effective 
confining stress; u,, = Back-pressure; i„„,, = Average hydraulic gradient; 0 = Flow volume; t = Test duration; k,, = Saturated hydraulic conductivity at 20'C; n = Total porosity; 
and G, = Specific gravity.  
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youncic|uist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 08-195 

DATE SAMPLE RECEIVED:iJlfi8ffl9_ 

DATE REPORTED: 05/26/09 

SET UP: 02/16/09 

INCOMING LABORATORY SAMPLE NO.: Core 1.1736.1' -1737.0' 

LABORATORY IDENTIFICATION NO.: 09022/1CH 

SAMPLE DESCRIPTION: Brown dolomitic limestone (massive, tr. vugs, one 

fracture) 

ASTM D 5084 TEST METHOD: 
B A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

SPECIMEN DATA: 
As-Received Diameter (inch):_4 Diameter Trimmed: a Yes 
As-Received Length (inch): 10.6/7.7* Length Trimmed: a Yes 

TEST SPECIMEN ORIENTATION: • Vertical 

• No 
• No 

a Horizontal 

B-FACTOR: 50 (stable) % • Beginning of Test; 
B End of Test 

SPECIFIC GRAVITY. G.: 2.81 • Assumed 
a Measured (ASTM D 854) 

Ao, (Ds i ) :8 .14,25 PERMEANT: 1 Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') 
w. 
(%) 

Yd 
(pcf) n S 

(%) 
5. 

(psi) 
" b 

(psi) 'arg 
Q 

(cm') 
t 

(days) 
WDS 

(g) 
Wc 

(%) 
S 

(%) 

Hydraulic 
Conductivity 

(cm/sec) 

7.80 5.05 156.53 2.3 162.6 0.073 82 60 130 898 0.73 50 407.83 2.3 82 3.8x10-11 

COMMENTS: (1) Horizontal penneability test specimen was cross-cored from the corresponding vertical test specimen. 
* First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be hekl in confklence and disctosed to other parties only with the authorization of the Client or Ardaman 
& /Associates. Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 woiking days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height: D = Specimen diameter; V = Volume: WDS = Dry mass; w. = Moisture content (ASTM D 2216); ŷ  •= Oiy density; S = Saturation; o., = Isotropw effective 
confining stress; û  = Back-pressure; i „ , = Average hydraulic gradient: 0 " Flow volume; t = Test duration; k̂ g = Saturated hydraulic conductivity et 20°C; n = Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younuguist Brothers. Inc. 

PROJECT: Key Largo WTD Iniection Well System 

FILE NO.:  09-022 

DATE SAMPLE RECEIVED:  01/28/09 SET UP: 02/04/09 

DATE REPORTED: 05/26/09  

INCOMING LABORATORY SAMPLE NO.: Core 2. 1859.5' - 1860.35' 

LABORATORY IDENTIFICATION NO.:  09022/C2AV 

SAMPLE DESCRIPTION:  Light brown limestone Iv. sl. vuqqy) 

ASTM D 5084 TEST METHOD: SPECIMEN DATA: 
a A - Constant Head As-Received Diameter (inch): 4 Diameter• Trimmed: o Yes a No 
o B - Falling Head; Constant Tailwater As-Received Length (inch):9.8/7.7* Length Trimmed: a Yes 0 No 
0 C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater TEST SPECIMEN ORIENTATION: a Vertical 0 Horizontal 

B-FACTOR: 98 % 0 Beginning of Test; SPECIFIC GRAVITY, G.: 2.68 o Assumed 
a Measured (ASTM D 854) a End of Test 

Au, (psi):  12  PERMEANT: a Deaired Tap Water o Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H D V w, Ye S Fic  Lib Q t WDS w. S km  

(cm) (cm) (cm') (%) (pct)
n  

(%) (Psi) (psi) i°°1  (cm') (days) (9) (%) (%) (cm/sec) 

9.87 9.91 761.60 20.3 108.1 0.354 100 30 160 21 1 4 1 1319.2 20.3 100 2.3 x 10-6 

COMMENTS. (1) Core sample selected for permeability testing was cut to length, air-dried, desired under vacuum for a minimum of 24 hours, and then saturated with desired tap 
water from the bottom up while still under vacuum. (2) Final w„ from horizontal permeability test specimen. WDS calculated from measured wet weight and final wc. 
' First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project Information presented hereon shall be held In confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V= Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; ii. = Isotropic effective 
confining stress; u„ = Back-pressure; im= Average hydraulic gradient; Q = Flow volume; t 0 Test duration; k2,, = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngquist Brothers Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 .SET UP: 02/04/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SfiMPLE NO.: Core 2.1859.5' -1860.35' 

LABORATORY IDENTIFICATION NO.: 09022/C2AV 

SAMPLE DESCRIPTION: Light brown limestone (v. sl. vuggy) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 

B-FACTOR: 98 

• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

% • Beginning of Test; 
B End of Test 

AOe (psi): J 2 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length nnch):9.8/7.7* 

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY. G,: 2.68 

Diameter Trimmed: • Yes 
Length Trimmed: a Yes 

a Vertical • Horizontal 

a No 
• No 

• Assumed 

B Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

kai 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

Wo 

(%) 
Yd 

(pet) 
S 

(%) (psl) 
Ub 

(psi) 
Q 

(cm') 
t 

(days) 
WDS 

(9) 
w. 
(%) 

S 
(%) 

9.87 9.91 761.60 20.3 108.1 0.354 100 30 160 21 1 4 1319.2 20.3 100 2.3 X10-6 

COMMENTS. (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated witti deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w .̂ 

First length is total sample length. Second lengtti is useable lengttt at full core diameter. 

The test data and all associated project Inforniation presented hereon shall be hekl in confidence and disclosed to oUier parties only with ttie authorization of the Client or Ardaman 
& /^sociates, Inc. Physical and elecfronk: records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a tonger storage period is requested in writing and accepted by Ardaman & Associates. Inc. 

Where: H = Specimen height; D = Specimen diameter. V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); = Dry density; S = Saturation; = Isotropic effective 
confining stress; u,, => Back-pressure; i^=Average hydraulic gradient; Q " Ftow volume; t " Test duration; kn, = Saturated hydraulic conductivity at 20°C; n => Total porosity; 
and G, = Speciflc gravKy. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youngguist Brothers. Inc. 

PROJECT:  Key Largo WTD Infection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  96 0 Beginning of Test; 
a End of Test 

acyc  (psi): 7  

INCOMING LABORATORY SAMPLE NO.:  Core 2, 1859.5' - 1860.35' 

LABORATORY IDENTIFICATION NO.: 09022/C2AH 

SAMPLE DESCRIPTION:  Light brown limestone (v. sl. vticKlY) 

SPECIMEN DATA: 
As-Received Diameter (inch):  4 Diameter Trimmed: a Yes a No 
As-Received Length (inch):  9.8/7.7*  Length Trimmed: a Yes a No 

TEST SPECIMEN ORIENTATION: a Vertical a Horizontal 

SPECIFIC GRAVITY, G.:  2.68 a Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water 0 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

11 
(cm) 

0 
(cm) 

V 
(cm') 

wo 
(%) 

Ye 
(Pcf) 

n S Fr, 
(Psi) 

ub 
(Psi) 

i .ra 
Q 

(cm') 
w°

(%) 
t 

(days) 
WDS 

(9) 
, 

(%) 
s 

(%) 
k2, 

(cm/sec) 

7.70 5.04 153.90 20.3 108.0 0.354 99 30 160 51 0.4 1 266.40 20.3 99 3.0 x 10-6 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
• First length Is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project Information presented hereon shaU be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
8 Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w.= Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; Fr. = Isotropic effective 
confining stress; u. = Back-pressure; L.. = Average hydraulic gradient; 0 = Flow volume; t = Test duration; k20 = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G., = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngquist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 

DATE REPORTED: 05^6/09 

. SET UP: 02/10/09 

INCOMING LABORATORY SAMPLE NO.: Core 2.1859.5' -1860.35' 

LABORATORY IDENTIFICATION NO.: 09022/C2AH 

SAMPLE DESCRIPTION: Light brown limestone (v. sl. vuggy) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Failing Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 96 % • Beginning of Test; 
a End of Test 

Aa, (psi) :X 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
/^-Received Length (inch): 9.8/7.7* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes • No 
Length Trimmed: a Yes • No 

a Vertical a Horizontal 

SPECIFIC GRAVITY, G.: 2.68 • /Assumed 
B Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

ka) 
(cm/sec) 

H 
(cm) 

0 
(cm) 

V 
(cm') 

w. 
(%) 

Yd 
(pcf) 

n S 
(%) 

Oc 
(psl) 

Ub 
(psi) 

7.70 5.04 153.90 20.3 108.0 0.354 99 30 160 

Q 
(cm') (days) 

WDS 
(g) 

Wc 

(%) 
S 

(%) 
51 0.4 266.40 20.3 99 3.0x10-6 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
First length Is total sample lengtti. Second length is useable lengtti at full core diameter. 

The test data and all associated project Information presented hereon shall be hekl in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& /Associates, Inc. Physical and electronk: records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 wortdng days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by /Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w. = Moisture content (ASTM D 2216); Y„ = Dry density; S = Saturation; a. = Isotropic effective 
confining sti-ess; = Back-pressure; 1 ^ = Average hydraulic gradient; Q = Flow volume; t = Test duration; k ,̂ = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youngguist Brothers, Inc. 

PROJECT:  Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/01/09 

DATE REPORTED:  05/26/09  

INCOMING LABORATORY SAMPLE NO.:  Core 2,1862.4' - 1863.0' 

LABORATORY IDENTIFICATION NO.: 09022/C2BV 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
0 F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 100 0 Beginning of Test; 
a End of Test 

Au. (psi):  8  

SPECIMEN DATA: 
As-Received Diameter (inch):  4  
As-Received Length (inch):6 7/3.0* 

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G,:  2.70  

PERMEANT: a Deaired Tap Water  

Diameter Trimmed: a Yes a No 
Length Trimmed: a Yes 0 No 

a Vertical 0 Horizontal 

o Assumed 
a Measured (ASTM D 854) 

o Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

km  
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm3) 

w, 
(%) 

Yd 
(Pd) 

n S 

(% ) 
B. 

(Psi) 
ub 

(Psi) 
I., a 

(cm3) 
t 

(days) 
WDS 

(9) 
w. 
(%) 

S 
(%) 

7.47 9.92 577.37 25.8 99.5 0.410 100 30 160 28 2.0 8 920.41 25.8 100 6.2 x 10-6 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w,. 
' First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V 0 Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); Yd  = Dry density; S = Saturation; B.= Isotropic effective 
confining stress; ub  = Back-pressure; im  = Average hydraulic gradient; Q = Flow volume; t = Test duration; km  = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G., = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngquist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 0 9 ^ 2 2 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/01/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core 2.1862.4' • 1863.0' 

LABORATORY IDENTIFICATION NO.: 09022/C2BV 

SAMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head • Rising Tailwater 

B-FACTOR: 100 • Beginning of Test; 
a End of Test 

AOj (psi):J 

SPECIMEN DATA: 
/As-Received Diameter (inch): 4 
As-Received Length (inch):6.7/3.0* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: • Yes a No 
Length Trimmed: a Yes • No 

a Vertical • Horizontal 

SPECIFIC GRAVITY. G.: 2.70 • Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulk; 
Conductivity 

1*20 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

Wo 
(%) 

Yd 
(pcf) 

n S 
(%) 

5. 
(psl) 

Ub 
(psl) 

7.47 9.92 577.37 25.8 99.5 0.410 100 30 160 

Q 
(cm') (days) 

WDS 
(9) 

Wc 

(%) 
S 

(%) 
28 2.0 920.41 25.6 100 5.2 x 10-6 

COMMENTS: (1) Core sample selected for pemneabiiity testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from ttie bottom up while still under vacuum. (2) Final w, from horizontal penneability test specimen. WDS calculated ftem measured wet weight and final w,. 
* First length is total sample length. Second lengtti is useable length at full core diameter. 

The test data and all associated project infbnnation presented hereon shall be hekl in confidence and disclosed to other parties only with ttie authorization of ttie Client or M a m a n 
& /Associates. Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 woricing days after mailing of 
Uie test report, prior to being discarded, unless a tonger storage period is requested in writing and accepted by Ardaman & /Associates. Inc. 

Where: H = Specimen height; D = Specimen diameter. V ° Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); y^ = Dry density; S = Sahiration; Oo = Isobopic effective 
confining stress; u^ = Back-pressure; i ^ » Average hydraulc gradsnt; Q = Flow volume; t = Test duration; k̂ g = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G., = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youpgguist Brothers, Inc, 

PROJECT:  Kqy Largo VVTD Injection Welt System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED:  01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
❑ B - Falling Head; Constant Taitwater 
❑ C - Falling Head; Rising Tailwater 
c:3 F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  86 (stable) % a Beginning of Test; 
0 End of Test 

Au, (psi):  10, 17. 21  

INCOMING LABORATORY SAMPLE NO.:  Core 2. 1862.4' - 1863.0' 

LABORATORY IDENTIFICATION NO.: 09022/C2BH 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: a Yes o No 
As-Received Length (inch):6.7/3.0* Length Trimmed: ca Yes 0 No 

TEST SPECIMEN ORIENTATION: 0 Vertical a Horizontal 

SPECIFIC GRAVITY, G„: 2.70 0 Assumed 
a Measured (ASTM 0 854) 

PERMEANT: a Deaired Tap Water r3 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
i (cm) 

D 
(cm) 

V 
(cm') 

va. 
(%) 

Ya 
(Pct) 

n S 
(%) 

5. 
(Psi) 

Up 
(psi) 1... Q 

(cm') 
t 

(days) 
WDS 

(0) 
W. 
(%) 

S 
(%) 

1(2, 
(an/sec) 

7.34 5.05 146.86 25.8 98.8 0.413 99 30 160 50 3.3 2 232.64 25.8 99 1.4 x 10-5 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
* First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 

the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); y0  = Dry density; S = Saturation; -a, = Isotropic effective 
confining stress; u, = Back-pressure; im  = Average hydraulic gradient; Q = Flow volume; t = Test duration; km  = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, = Specific gravity. 

Checked By: pit Date:  oi2.,61oq  
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: YoMpaquist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 

DATE REPORTED: 05/26/09 

.SET UP: 02/10/09 

INCOMING LABORATORY S/AMPLE NO.: Core 2.1862.4' • 1863.0' 

LABORATORY IDENTIFICATION NO.: 09022/C2BH 

SAMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length finch):6.7/3.0* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes 
Length Trimmed: a Yes 

• Vertical a Horizontal 

• No 
• No 

B-FACTOR: 86 (stable) % B Beginning of Test; 
• End of Test 

SPECIFIC GRAVITY, G.: 2.70 D Assumed 
a Measured (ASTM D 854) 

Ao. (DSi): 10. 17. 21 PERMEANT: e 1 Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') 
w. 
(%) 

Yd 
(pcO 

n S 
(%) (psi) 

Ub 
(psi) 

Q 
(cm') 

t 
(days) 

WDS 
(9) 

w, 
(%) 

S 
(%) 

Hydraulic 
Conductivity 

(cm/sec) 

7.34 5.05 146.86 25.8 98.8 0.413 99 30 160 50 3.3 2 232.64 25.8 99 1.4x10-5 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from ttie corresponding vertical test specimen. 
* First length is total sample length. Second length Is useable length at friU core diameter. 

The test data and all associated project InfonnaUon presented hereon shall be held in confidence and disclosed to other 
& /Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are 
the test report, prior to being discanJed, unless a longer storage period is requested in writing and accepted by Ardaman 

parties only with the authorization of Uie Client or Ardaman 
topt In storage for at least 10 working days after mailing of 
& Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; = IWoisture content (ASTM D 2216); = Diy density; S = Saturation; a. = Isotropic effective 
confining stress; u,, = Back-pressure; i„g = Average hydraulic gradient; Q = Flow volume; t = Test duration; kjo = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younmuist Brothers, Inc. 

PROJECT:  Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/02/09 

DATE REPORTED:  05/26/09 

INCOMING LABORATORY SAMPLE NO.:  Core 2, 1868.45' -  1869.2' 

LABORATORY IDENTIFICATION NO.:  0902212CV 

SAMPLE DESCRIPTION:  Brown dolomitic limestone (massive. tr. vuus) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
0 B - Falling Head; Constant Tailwater 
❑ C - Falling Head; Rising Tailwater 
❑ F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  97 0 Beginning of Test; 
a End of Test 

Aa, (psi):  11  

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):8.9/7.2*  

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G,:  2.81 

PERMEANT: a Deaired Tap Water  

Diameter Trimmed: 0 Yes a No 
Length Trimmed: a Yes o No 

Is Vertical CI Horizontal 

a Assumed 
a Measured (ASTM D 854) 

a Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w. 
(%) 

y, 
(Pcf) 

n 
S 

(%) 
5. 

(Psi) 
u, 

(psi) i 141 
Q 

(CM) 
1 

(days) 
WDS 

(9) 
w„ 
(%) 

S 
(%) 

k,0 
(cm/sec) 

8.22 10.05 652.38 7.2 143.9 0.180 93 30 160 46 2.1 2 1503.9 7.3 94 1.1 x 10-7 

COMMENTS. (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w.. 
• First length is total sample length. Second length Is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held In confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w„ = Moisture content (ASTM D 2216); y, = Dry density; S = Saturation; k = Isotropic effective 
confining stress; ii, = Back-pressure; km, = Average hydraulic gradient; 0 = Flow volume; t = Test duration; k,,, = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G,,= Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 

DATE REPORTED: 05/26/09 

SET UP: 02/02/09 

INCOMING LABORATORY SAMPLE NO.: Core 2.1868.45' -1869.2' 

LABORATORY IDENTIFICATION NO.: 09022/2CV 

SAMPLE DESCRIPTION: Brown dolomitic limestone (massive, tr. vugs) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 97 % • Beginning of Test; 
a End of Test 

Ao, (psi): JLl 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):8.9/7.2* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: • Yes a No 
Length Trimmed: a Yes • No 

B Vertical • Horizontal 

SPECIFIC GRAVITY. G,: 2.81 

PERMEANT: a Deaired Tap Water • Other 

a Assumed 
a Measured (ASTM D 854) 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') 
Wo 

(%) 
Yd 

(pcf) 
S 

(%) (psi) 
Ub 

(psi) 
Q 

(cm') 
t 

(days) 
WDS 

(g) 
w. 
(%) 

S 
(%) 

8.22 10.05 652.38 7.2 143.9 0.180 93 30 160 46 2,1 1503.9 7.3 94 1.1 X 10-7 

COMMENTS. (1) Core sample selected for penneability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal penneability test specimen. WDS calculated from measured wet weight and final w,. 
* First length is total sample lengttt. Second length Is useable lengtt) at full core diameter. 

The test data and all associated project infomnation presented hereon shall be hekl in confidence and disctosed to ottier parties only witti ttie authorization of the Client or Ardaman 
& Associates. Inc. Physical and electronic reconJs of each project are kept fOr a minimum of 7 years. Test samples are kept in storage for at least 10 woridng days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D - Specimen diameter. V = Volume; WDS = Dry mass; w, ° Moisture content (ASTM D 2216); y., = Dry density; S = Saturation; a, = Isotropic effective 
confining sb-ess; = Back-pressure; i^^ = Average hydraulk: gradient; Q = Flow volume; t = Test duration; k^ = Saturated hydraulk: conductivity at 20°C; n = Total porosity: 
and G, = Specific aravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Younuauist Brothers. Inc. INCOMING LABORATORY SAMPLE 

LABORATORY IDENTIFICATION NO.: 

SAMPLE DESCRIPTION: Brown dolomitic 

NO.: Core 2, 1868.45' - 1869.2' 

PROJECT: Key Largo WTD Injection Well System 09022J2CH 

FILE NO.: 09-022 limestone (massive, tr. vans) 

DATE SAMPLE RECEIVED: 

DATE REPORTED: 

ASTM D 5084 TEST 

B-FACTOR: 97 

01/28/09 SET UP: 02/10/09 

05/26/09 

METHOD: 
0 A - Constant Head 
0 B - Falling Head; Constant Tailwater 
a C - Falling Head; Rising Tailwater 
0 F - Constant Volume; Falling Head - Rising Tailwater 

% a Beginning of Test; 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: 0 Yes 0 No 

Length Trimmed: o Yes 0 No 

0 Vertical e Horizontal 

0 Assumed 
o Measured (ASTM D 854) 

0 Other  

As-Received Length (inch):8.9/7.2* 

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G,: 2.81 
0 End of Test 

Da, (psi):  12  PERMEANT: o Deaired Tap Water 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm') 

wd  
(%) 

YO 
(Pcf) 

n 
S 

(%) 
Fle  

(Psi) 
Ub 

(psi) iav0 
Q 

(cm3) 
t 

(days) 
WDS 

(9) 
ai d  
(%) 

S 
(%) 

Ica, 
(cm/sec) 

8.47 5.05 169.84 7.3 145.2 0.172 99 30 160 81 0.69 1 395.32 7.3 99 8.7 x 10-8 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
• First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; wd  = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; Fro  = Isotropic effective 
confining stress; ub  = Back-pressure; id, = Average hydraulic gradient; Q = Flow volume; t = Test duration; ka = Saturated hydraulic conductivity et 20°C; n = Total porosity; 
and Gd_s= Specific gravity. 

Checked By:  11  
Form SR-2B: Rev. 0 

Date:  0612141:1  
%%Aaloitslipublkl/Asura Mayerl08-0221youngquIst dala.wpd 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT; Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 

DATE REPORTED: 05/26/09 

SET UP: 02/10/09 

INCOMING LABORATORY SAMPLE NO.: Core 2.1868.45' -1869.2' 

LABORATORY IDENTIFICATION NO.: 09022/2CH 

SAMPLE DESCRIPTION: Brown dolomitic limestone (massive, tr. vugs) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 

B-FACTOR: 97 

• B - Falling Head; Constant Tailwater 
• C - Failing Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

% a Beginning of Test; 
a End of Test 

Aa, (psi): J2 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):8.9/7.2* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes • No 
Length Trimmed: a Yes • No 

• Vertical a Horizontal 

SPECIFIC GRAVITY. G.: 2.81 • /Assumed 
a Measured (ASTM 0 854) 

PERME/ANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

kjo 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

Yd 
(pcf) 

S 
(%) (psl) 

Ub 

(psl) 
Q 

(cm') 
t 

(days) 
WDS 

(g) 
Wo 

(%) 
s 

(%) 
8.47 5.05 169.84 7.3 145.2 0.172 99 30 160 81 0.69 395.32 7.3 99 8.7 X 10-8 

COMMENTS: (1) Horizontal penneability test specimen was cross-cored from Uie corresponding vertical test specimen. 
* Rrst lengtti is total sample length. Second length is useable lengUt at full core diameter. 

The test data and all associated project Infomiatton presented hereon shall be hekl in confidence and disclosed to ottier parties only witti ttie auttiorization of the Client or Ardaman 
& /Associates. Inc. Physical and electrons records of each project are kept tor a minimum of 7 years. Test samptes are kept in storage for at least 10 working days after mailing of 
ttie test report, prior to being discarded, unless a longer storage pertod is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Diy mass; w. = Moisture content (ASTM D 2216); v„ = Dry density; S = Saturation; Oo" Isotropic effective 
confining sUess; % = Back-pressure; i,^ = Average hydraulic gradient; Q = Flow volume; t ° Test duratton; = Saturated hydraulk: conductivity at 20°C; n " Total porosity; 
and G, a Specific gravity. ^ 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younciquist Brothers, Inc. 

PROJECT:  Key Larno WID IniectionyVell System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/04/09 

DATE REPORTED: 05/26/09 

ASTM D 5084 TEST METHOD: 
0 A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  97 % o Beginning of Test; 
a End of Test 

Au, (psi):  8  

INCOMING LABORATORY SAMPLE NO.:  Core 3. 1982.85' - 1983.8' 

LABORATORY IDENTIFICATION NO.: 09022/3AV 

SAMPLE DESCRIPTION:  Unlit brown limestone (v. sl. vuciov) 

SPECIMEN DATA: 
As-Received Diameter (inch):  4 Diameter Trimmed: o Yes a No 
As-Received Length (inch):11.6/9.4*  Length Trimmed: a Yes o No 

TEST SPECIMEN ORIENTATION: a Vertical 0 Horizontal 

SPECIFIC GRAVITY, G.:  2.70 o Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water o Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm') 

we  
(%) yd 

(Pcf) 
n S 

(%) 
tio 

(psi) 
Lib 

(psi) keg 
0 

(cm3) 
t 

(days) 
WDS 

(g) 
w. 

(%) 
S 

(%) 
km 

(cm/sec) 

8.87 9.78 665.83 20.7 108.1 0.358 100 30 160 24 2.1 2 1153.3 20.7 100 6.6 x 10-6 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final wd  from horizontal permeability test specimen. WDS calculated from measured wet weight and final w.. 
• First length is total sample length. Second length Is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w. = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; ird  = Isotropic effective 
confining stress; u„ = Back-pressure; 1„.. = Average hydraulic gradient; 0 = Flow volume; t = Test duration; km = Saturated hydraulic conductivity at 20*C; n = Total porosity; 
and G.= Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Lamo WTD Injection Well System 

FILE NO.: 09-022 

DATE S/AMPLE RECEIVED: 01/28/09 

DATE REPORTED: 05/26/09 

SET UP: 02/04/09 

INCOMING UBORATORY SAMPLE NO.: Core 3.1982.85' -1983.8' 

LABORATORY IDENTIFICATION NO.: 09022/3AV 

SAMPLE DESCRIPTION: Light brown limestone (v. sl. vuggy) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 97 % o Beginning of Test; 
a End of Test 

Ao . (psi): J 

SPECIMEN DATA: 
As-Received Diameter (inch):_4 Diameter Trimmed: • Yes a No 
As-Received Length (inch):11.6/9.4* Length Trimmed: a Yes • No 

TEST SPECIMEN ORIENTATION: a Vertical a Horizontal 

SPECIFIC GRAVITY, G.: 2.70 • Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Condittons Final Conditions Hydraulk: 
Conductivity 

kjo 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

Wc 

(%) 
Yd 

(pcf) 
S 

(%) 
o. 

(psi) 
Ub 

(psi) 
0 

(cm') (days) 
WDS 

(9) 
Wc 

(%) 
S 

(%) 

6.87 9.78 665.83 20.7 108.1 0.358 100 30 160 24 2.1 1153.3 20.7 100 6.6 X 10-6 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, airKlried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final Wc from horizontal penneability test specimen. WDS cateulated firom measured wet weight and final Wc. 
* fHrst length is total sample lengtti. Second lengtti is useable tengtti at full core diameter. 

The test data and all associated project infbnnation presented hereon shall be hekl in confidence and disctosed to otiier parties only with the auttiorization of the Client or Ardaman 
& /Associates. Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at toast 10 woridng days after mailing of 
the test report, prior to being discarded, unless a longer storage period Is requested in writing and accepted by /Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V - Volume; WDS = Dry mass; w. = Moisture content (ASTM D 2216); Yd = Cry density; S ̂  Saturation; o, = Isotropic effective 
confining stress; u„ = Back-pressure; i„g = Average hydraulic gradtont; Q = Flow volume; t = Test duration; kja = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, = Specific gravity. 

Checked By: 
Fonn SR-2B: Rev. 0 

Date: Ot^^O^ 
\\Aelofji1Vput)(lc\Lsifa Meyei109-022Vyoun8qul9t datawpd 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youngguist Brothers. Inc INCOMING LABORATORY SAMPLE NO.: Core 3. 1982.85' - 1983.8' 

   

PROJECT:  Key Largo WTD Injection Well System LABORATORY IDENTIFICATION NO.:  09022/3AH 

SAMPLE DESCRIPTION:  Light brown limestone (y. sl. yuggy) 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/Q9 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
Et F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 98 o Beginning of Test; 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: a Yes o No 

Length Trimmed: a Yes a No 

a Vertical a Horizontal 

o Assumed 
a Measured (ASTM D 854) 

a Other  

As-Received Length (inch):11.6/9.4* 

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, Gs: 2.70 
a End of Test 

Ao, (psi):  7  PERMEANT: a Deaired Tap Water 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H D V w. Yd S 13,, ub Q t WDS wc  S k„ 

(cm) (cm) (cm') (%) (Pcf) 
n 

(%)
i 

 (psi) (psi) .ivii (cm') (days) (9) (%) (%) (cm/sec) 

7.79 5.05 155.85 20.7 107.7 0.361 99 30 160 31 1.1 1 269.08 20.7 99 8.5 x 10-6 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
' First length Is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period Is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w.= Moisture content (ASTM D 2216); y.= Dry density; S = Saturation; B. = Isotropic effective 
confining stress; ub  = Back-pressure; I., = Average hydraulic gradient; 0 = Flow volume; t = Test duration; 14. = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity.  
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Form SR-2B: Rev. 0 
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Maio. Ilptbliaaura teleyer109-0221youngq.dst datempd 

FILE NO.: 09-022 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core 3.1982.85' -1983.8' 

LABORATORY IDENTIFICATION NO.: 09022/3AH 

S/AMPLE DESCRIPTION: Light brown limestone (v. sl. vuggy) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 98 % • Beginning of Test; 
a End of Test 

Ao . (psi): 7 

SPECIMEN DATA: 
As-Received Diameter (inch): J Diameter Trimmed: a Yes • No 
As-Received Length (inch):11.6/9.4* Length Trimmed: a Yes • No 

TEST SPECIMEN ORIENTATION: • Vertical a Horizontal 

SPECIFIC GRAVITY. G.: 2.70 • Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

k j o 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') (%) 
Yd 

(pcO 
S 

(%) (psi) 
Ub 

(psi) 
Q 

(cm') 
t 

(days) 
WDS 

(g) 
Wc 

(%) 
S 

(%) 
7.79 5.05 155.85 20.7 107.7 0.361 99 30 160 31 1.1 269.08 20.7 99 8.5 X 10-6 

COMMENTS: (1) Horizontal permeability test specimen was crass-cored from ttie corresponding vertical test specimen. 
* First length is total sampto length. Second length is useabte tength at full core diameter. 

The test data and all associated project information presented hereon shall be hekl in confidence and disclosed to other parties only with the authorization of Uie Client or Ardaman 
& Associates, Inc. Physical and etectronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 woridng days after mailing of 
the test report, prior to being discanJed. untess a longer storage period Is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS ° Dry mass; w, ° Moisture content (ASTM D 2216); v„ = Dry density; S » Saturation; o, = Isotropic effective 
confining stress; û  = Back-pressure; 1,^ = Average hydraulic gradient; Q ° Ftow volume; t = Test duratton; kja = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younqquist Brothers, Inc. 

PROJECT:  Key Larcio WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/08/09 

DATE REPORTED: 05/26/09  

INCOMING LABORATORY SAMPLE NO.:  Core 3, 1987.85' - 1988.5' 

LABORATORY IDENTIFICATION NO.: 09022/3BV 

SAMPLE DESCRIPTION:  Brown dolomitic limestone (massive. tr. wins) 

ASTM D 5084 TEST METHOD: 
▪ A - Constant Head 

B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 

F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  97 0 Beginning of Test; 
End of Test 

Aa, (psi):  10  

SPECIMEN DATA: 
As-Received Diameter (Inch):  4  
As-Received Length (inch):92/7.4*  

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G,:  2.79  

PERMEANT: a Deaired Tap Water  

Diameter Trimmed: o Yes a No 
Length Trimmed: e Yes 0 No 

u Vertical 13 Horizontal 

o Assumed 
Measured (ASTM D 854) 

o Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w 
(%) 

ti 
(Pcf) 

n 
S 

(%) 
5t, 

(Psi) 
Ub 

(Psi) 
i svg 

Q 
(cm') 

t 
(days) 

WDS 
(9) 

w 
(%) 

S 
(%) 

ica) 
(cm/sec) 

8,84 10.08 705.13 5.6 150.0 0.139 98 30 160 71 0.90 1 1694.7 5.6 98 6.1 x 10-8 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap ' 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w.. 
• First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = thy mass; w. = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; Tr.= Isotropic effective 
confining stress; u, = Back-pressure; 1.9 = Average hydraulic gradient; 0 = Flow volume; t = Test duration; k.2. = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity.  
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Lar(io WTD Inlection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 

DATE REPORTED: 05126109 

. SET UP: 02/08/09 

INCOMING LABORATORY S/AMPLE NO.: Core 3.1987.85' • 1988.5' 

LABORATORY IDENTIFICATION NO.: 09022/3BV 

S/AMPLE DESCRIPTION: Brown dolomitic limestone (massive, tr. vuos^ 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 97 • Beginning of Test; 
a End of Test 

Ao. (psi): J § 

SPECIMEN DATA:  
As-Received Diameter (Inch): 4 
As-Received Length (inch):9.2/7.4* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: • Yes a No 
Length Trimmed: a Yes • No 

a Vertical • Horizontal 

SPECIFIC GRAVITY, G.: 2.79 • Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water o Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

1(20 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

Wo 

(%) 
Yd 

(pcf) 
S 

(%) 
Oo 

(psi) 
Ub 

(psi) 
Q 

(cm') 
t 

(days) 
WDS 

(g) 
Wc 

(%) 
s 

(%) 
8.84 10.08 705.13 5.6 150.0 0.139 98 30 160 71 0.90 1 1694.7 5.6 98 6.1 X 10-8 

COMMENTS: (1) Core sample selected for penneability testing was cut to tengtti, air-dried, deaired under vacuum for a minimum of 24 hours, and Uien saturated with deaired tap 
water from ttie bottom up white still under vacuum. (2) Final Wo from horizontal pemfieability test specimen. WDS calculated from measured wet weight and final w,. 
* First tength is total sampte lengUi. Second tength is useabte tength at full core diameter. 

The test data and all associated project inforniation presented hereon shall be hekl in confidence and disclosed to ottier parties only with the authorizatton of the CUent or Ardaman 
& /Assoctetes, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samptes are kept In storage for at teast 10 working days after mailing of 
ttie test report, prior to being discareled. unless a longer storage period Is requested in writing and accepted by Ardaman & Associates. Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Vohime; WDS = Oiy mass; w, = Mostura content (ASTM D 2216); ŷ  ° Dry density; S = Saturation; a, = Isotropic effective 
confining stress; u„ = Back-pressure; 1,^ = Average hydraulic gradtont; O = Ftow volume; t = Test duration; ° Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, s Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younmuist Brothers., Inc. 

PROJECT:  Key Largo WTD Iniection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09  

INCOMING LABORATORY SAMPLE NO.:  Core 3,1987.88' - 1988.5' 

LABORATORY IDENTIFICATION NO.: 09022/3BH 

SAMPLE DESCRIPTION:  Brown dolomitic limestone (massive, tr. vuqs).  

ASTM D 5084 TEST METHOD: 
A - Constant Head 

❑ B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tai!water 

B-FACTOR:  99 Beginning of Test; 
e End of Test 

Acre  (psi):  15  

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):9.2/7.4* 

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G,:  2.79 

PERMEANT: e Deaired Tap Water 

Diameter Trimmed: Yes a No 
Length Trimmed: a Yes o No 

0 Vertical Horizontal 

0 Assumed 
El Measured (ASTM D 854) 

a Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm3) 

w. 
(%) 

Yu 
(pcf) 

n S 
(%) 

iFf. 
(Psi) 

14 
(Psi) 

l a,„ 
Q 

(cm3) 
I 

(days) 
WDS 
(9) 

w, 
(%) 

S 
(%) 

1(20 
(cm/sec) 

7.84 5.05 157.24 5.6 150.5 0.136 99 30 160 69 1.8 2 379.22 5.6 99 8.2 x 10-8 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
* First length Is total sample length. Second length Is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; ii.= Isotropic effective 
confining stress; u„ = Back-pressure; im  = Average hydraulic gradient; Q = Flow volume; t = Test duration; km  = Saturated hydraulic conductivity at 20°C; n = Total porosity; 

. and G. = Specific gravity.  
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY S/AMPLE NO.: Core 3.1987.85' -1988.5' 

LABORATORY IDENTIFICATION NO.: 09022/3BH 

SAMPLE DESCRIPTION: Brown dolomitic limestone (massive, tr. vugs) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 99 % • Beginning of Test; 
a End of Test 
AOj (psi):_15 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):9.2/7.4* 
TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes • No 
Length Trimmed; a Yes o No 
• Vertical a Horizontal 

SPECIFIC GRAVITY. G.: 2.79 

PERMEANT: 8 Deaired Tap Water • Other 

• Assumed 
a Measured (ASTM D 854) 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

k2i) 
(cin/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

Wo 

(%) 
Yd 

(pcf) n S 
(%) (psi) 

Ub 
(psi) âvg 

0 
(cm') 

1 
(days) 

WDS 
(g) 

Wo 
(%) 

S 
(%) 

Hydraulic 
Conductivity 

k2i) 
(cin/sec) 

7.84 5.05 157.24 5 6 150.5 0.136 99 30 160 69 1.8 2 379.22 5.6 99 8.2x10-8 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from Uie corresponding vertical test specimen. 
' First tength is total sampte length. Second length is useabte length at full core diameter. 

The test data and all assocteted project information presented hereon shall be hekl in confidence and disclosed to other parties only with the auttiorization of the Citont or Ardaman 
& Associates, Inc. Phystoal and electronic records of each project are kept for a minimum of 7 years. Test samptes are kept in storage for at least 10 woridng days after mailing of 
the test report, prtor to being discarded, unless a longer storage period is requested in writing and accepted by /Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V " Volume; WDS = Dry mass; w, ° Moisture content (ASTM D 2216); ŷ  - Dry density; S - Saturation; Oo" Isotropic effective 
confining stress; û  = Back-pressure; i.^ = Average hydraulic gradtent; Q = fHow volume; t = Test duration; k̂g = Saturated hydraulic conductivity at 20°C; n ° Total porosity; 
and G, = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younomist Brothers, Inc. 

PROJECT:  Key Largo WTD Infection Well System 

FILE NO.:  09-022 

DATE SAMPLE RECEIVED:  01/28/09 SET UP: 02/01/09 

DATE REPORTED: 05/26/09  

INCOMING LABORATORY SAMPLE NO.:  Core 3, 1990.4' - 1991.3' 

LABORATORY IDENTIFICATION NO.: 09022J3CV 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: SPECIMEN DATA: 
le A - Constant Head As-Received Diameter (inch): 4 Diameter Trimmed: o Yes to No 
o B - Falling Head; Constant Tailwater As-Received Length (inch):9.3/7.0* Length Trimmed: ® Yes o No 
o C - Falling Head; Rising Tailwater TEST SPECIMEN ORIENTATION: e Vertical o Horizontal 
❑ F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  95 o Beginning of Test; 
e End of Test 

Aa, (psi):  20 

SPECIFIC GRAVITY, Gs:  2.79 

PERMEANT: a Deaired Tap Water 

o Assumed 
tia Measured (ASTM D 854) 

❑ Other  

   

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

v 
(cm') 

w. 
(%) 

vd 
(PO 

n s 
(%) 

B. 
(psi) 

Up 

(Psi) 
Id, Q 

(cm') 
t 

(days) 
WDS 

(9) 
wd  

(%) 
S 

(%) 

k, 
(cm/sec) 

8.26 10.03 651.86 12.0 129.4 0.257 97 30 160 52 0 69 1 1351.3 12.0 97 9.1 x 10-7 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with dealred tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final IN.. 
" First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held In confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; wc, = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; ii. = Isotropic effective 
confining stress; u„ = Back-pressure; id,„ = Average hydraulic gradient; Q = Flow volume; t = Test duration; k„ = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD In-ection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 . SET UP: 02/01/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core 3.1990.4 ' -1991.3 ' 

LABORATORY IDENTIFICATION NO.: 09022/3CV 

SAMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 95 % • Beginning of Test; 
a End of Test 

AOo (psi): 20 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):9.3/7.0* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: 
Length Trimmed: 

a Vertical 

• Yes 
a Yes 

a No 
• No 

• Horizontal 

SPECIFIC GRAVITY. G.: 2.79 D Assumed 
a Measured (ASTM D 854) 

PERME/ANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') 
w. 
(%) 

Yd 
(pcf) 

S 
(%) (psl) (psi) 

Q 
(cm') 

t 
(days) 

WDS Wo 

(%) 
S 

(%) 
8.26 10.03 651.86 12.0 129.4 0.257 97 30 160 52 0 69 1 1351.3 12.0 97 9.1 X 10-7 

COMMENTS: (1) Core sampte setected for permeability testing was cut to tengtti, air-dried, deaired under vacuum for a minimum of 24 hours, and ttien saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final Wo from horizontal penneability test specimen. WDS calculated from measured wet weight and final w,. 
* First tength is total sample tength. Second tength is useabte length at full core diameter. 

The test data and all associated project Information presented hereon shall be held in confidence and disclosed to other parttes only with the authorization of the CItent or Aidaman 
& /Associates. Inc. Physical and elecironic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at teast 10 woridng days after mailing of 
the test report, prior to being discarded, untess a longer storage period is requested in writing and accepted by Aniaman & Assoctetes, Inc. 

Where: H = Specimen height; D = Specimen diameter; V ° Volume; WDS = Dry mass; Wo = Moisture content (ASTM D 2216); ŷ  = Dry density; S = Saturation; o, = Isotropic effective 
confining sfaess; u „ " Back-pressure; i.^ = Average hydraulic gradtent; Q = Row volume; t = Test duration; kjo = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. 

Checked By: 
Form SR-2B: Rev. 0 

Date: 
tMataffsltpubfctLaura lUeyerVW>a22tyoungqtifsl data.i»pc' 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younggulst Brothers. Inc. 

PROJECT:.,Key  Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

ASTM D 5084 TEST METHOD: 
et A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 95 0 Beginning of Test; 
e End of Test 

Au, (psi):  12  

INCOMING LABORATORY SAMPLE NO.: Core 3, 1990.4' - 1991.3' 

LABORATORY IDENTIFICATION NO.: 09022/3CH 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: e Yes o No 
As-Received Length (inch):9,3/7.0* Length Trimmed: e Yes ❑ No 

TEST SPECIMEN ORIENTATION: o Vertical e Horizontal 

SPECIFIC GRAVITY, 2.79 0 Assumed 
e Measured (ASTM D 854) 

PERMEANT: e Deaired Tap Water 0 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

li 
(cm) 

D 
(cm) 

V 
(cm') 

w, 
(%) 

Yd  

(Pd) 
n 

S 

(%) 
11. 

(Psi) 
tie 

(Psi) 
id„,, 

Q 
(cm') 

t 
(days) 

WDS 
(g) 

w„ 
(%) 

S 
(%) 

k20 
(cm/sec) 

8.21 5.05 164.21 12.0 128.9 0.260 95 30 160 80 2.0 1 339.16 12.0 95 8.8 x 10-7 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
* First length Is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period Is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; wd  = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; Fro  = Isotropic effective 
confining stress; Lk, = Back-pressure; id,,, = Average hydraulic gradient; Q = Flow volume; t = Test duration; lc, 0 Saturated hydraulic conductivity at 20'C; n = Total porosity; 
and G... Specific gravity.  
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngquist Brothers. Inc. 

PROJECT: Key Largo WTD Inlection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 0526^09 

INCOMING LABORATORY SAMPLE NO.: Core 3.1990.4' -1991.3' 

LABORATORY IDENTIFICATION NO.: 09022/3CH 

S/AMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
E> A - Constant Head 

B-FACTOR: 95 

• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

% • Beginning of Test; 
a End of Test 

AOj (psi):_12 

SPECIMEN DATA: 
As-Received Diameter (inch); 4 
/As-Received Length (lnch):9.3/7.0* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes • No 
Length Trimmed: a Yes o No 

• Vertical a Horizontal 

SPECIFIC GRAVITY, G.: 2.79 • Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

kzo 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w. 
(%) 

Yd 
(pcf) 

S 
(%) (psO (psi) 

Q 
(cm') 

t 
(days) 

WDS 
(9) 

w. 
(%) 

S 
(%) 

8.21 5.05 164.21 12.0 128.9 0.260 95 30 160 80 2.0 339.16 12.0 95 8.8 X 10-7 

COMMEfiTS: (1) Horizontal permeability test specimen was cross-cored from the conesponding vertical test specimen. 
* First length is total sampte tength. Second tength Is useabte tength at full core diameter. 

The test data and all associated project information presented hereon shall be heM in confidence and disctosed to other parties only with the authorization of the Client or Ardciman 
& Associates. Inc. PhysM»l and etectronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at teast 10 woridng days after mailing of 
the test report, prior to being discarded, unless a longer storage period Is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); y„ = Dry density; S " Saturation; a, = Isotropic effective 
confining stiress; u„ = Back-pressure; 1,^ = Average hydraulic gradient; Q = Flow volume; t = Test duration; ° Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. ° Specific gravity. 
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Form SR-2B. Rev. 0 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youngguist Brothers, Inc.  

PROJECT: Key Largo WTD Infection Well System 

FILE NO.:  09-022 

DATE SAMPLE RECEIVED.  01/28/09 SET UP. 02/04/09  

INCOMING LABORATORY SAMPLE NO.:  Core 4, 2102.55' - 2103.5' 

LABORATORY IDENTIFICATION NO.:  0902214AV 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

DATE REPORTED:  05/26/09 

 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
❑ F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  88 (stable) % o Beginning of Test; 
a End of Test 

Au, (psi):  13, 18, 26 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: o Yes a No 
As-Received Length (inch):12.0/10.0* Length Trimmed: a Yes 0 No 

TEST SPECIMEN ORIENTATION: a Vertical a Horizontal 

SPECIFIC GRAVITY, 0,,:  2.72 o Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water a Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm3) 

w, 
(%) 

Yd  
(PO 

n S 
(%) 

o, 
(Psi) 

ub 
(Psi) 

i mg 
Q 

(cm3) 
t 

(days) 
WDS 

(9) 
w, 
(%) 

S 
(%) 

k20  
(cm/sec) 

9.81 9.92 757.94 19.5 108.4 0.361 94 30 160 38 0.57 1 1316.7 19.5 94 1.2 x10-6 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w,. 
• First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project Information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: li= Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); lid  = Dry density; S = Saturation; B.= Isotropic effective 
confining stress; ti, = Back-pressure; i i, = Average hydraulic gradient; Q = Flow volume; t = Test duration; kw  = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED 01/28/09 SET UP. 02/04/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core 4. 2102.55' • 2103.5' 

LABORATORY IDENTIFICATION NO.: 09022/4AV 

SAMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 88 (stable) .% • Beginning of Test; 
a End of Test 

AOo (psi): 13.18.26 

SPECIMEN DATA: 
/As-Received Diameter (inch):.4 Diameter Trimmed: o Yes a No 
As-Received Length (inch):12.0/10.0* Length Trimmed: a Yes • No 

TEST SPECIMEN ORIENTATION: a Vertical • Horizontal 

SPECIFIC GRAVITY, G,: 2.72 • Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

k j j 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') (%) 
Yd 

(pcf) 
S 

(%) (psO 
Ub 

(psi) 
Q 

(cm') 
t 

(days) 
WDS 

(9) 
w. 
(%) 

S 
(%) 

9.81 9.92 757.94 19.5 108.4 0.361 94 30 160 38 0.57 1 1316.7 19.5 94 1.2x10-6 

COMMENTS: (1) Core sampte selected for penneability testing was cut to tength, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up white still under vacuum. (2) Final w^ from horizontal permeability test specimen. WDS catoulated from measured wet weight and final Wo. 
* First length is total sampte length. Second tength is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be heM in confidence and disclosed to other parties only with the authorization of the CItent or Ardaman 
& /Associates, Inc. Physical and etectronk; records of each project are kept for a minimum of 7 years. Test samptes are kept in storage for at teast 10 woridng days after mailing of 
Uie test report, prior to being discarded, untess a tonger storage period is requested in writing and accepted by Ardaman & Associates. Inc. 

Where: H = Specimen height; D = Specimen dtemeter; V = Volume; WDS = Dry mass; w , " Moisture content (ASTM D 2216); y^ = Diy density; S = Saturation; = Isotropic eflective 
confining stress; u^ = Back-pressure; i,^ = Average hydraulic gradtent; Q = Flow volume; t = Test duration; kjg = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

INCOMING LABORATORY SAMPLE NO.:  Core 4, 2102.55' - 2103.5' 

LABORATORY IDENTIFICATION NO.:  09022/4411 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: a Yes a No 
As-Received Length (inch):12.0/10.0• Length Trimmed: a Yes o No 

TEST SPECIMEN ORIENTATION: ❑ Vertical a Horizontal 

SPECIFIC GRAVITY, G.:  2.72 a Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water o Other  

CLIENT:  Youncictuist Brothers, Inc.  

PROJECT:  Key Largo WTD Iniectien Well System 

FILE NO.:  09-022  

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
a B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
a F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  95 o Beginning of Test; 
a End of Test 

Aa, (psi):  10 17, 21  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

13 
(cm) 

V 
(cm') 

we  
(%) 

yd 

(KO 
n S 

(%) 
'5, 

(psi) 
ub  

(psi) '°"9  
Q 

(cm') 
t 

(days) 
WDS 

(g) 
we  
(%) 

S 
(%) 

km 
(cm/sec) 

8.28 5.04 165.23 19.5 109.4 0.356 96 30 160 50 0.65 2 289.64 19.5 96 1.2 x 10-6 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
• First length is total sample length. Second length is useable length at full core diameter. , .. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where' H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w.= Moisture content (ASTM D 2216); v.= Dry density; S = Saturation; Fr, = Isotropic effective 
confining stress; ub  = Back-pressure; i„„, = Average hydraulic gradient; Q = Flow volume; t = Test duration; k20  = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G1= Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well Systepi 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 . SET UP: 02/10/09 

DATE REPORTED: 05^§Z09_ 

INCOMING LABORATORY SAMPLE NO.: Core 4. 2102.55' - 2103.5' 

LABORATORY IDENTIFICATION NO.: 09022/4AH 

SAMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Taihvater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 95 % • Beginnitig of Test; 
a End of Test 

AOc (psi): 10 17.21 

SPECIMEN DATA: 
As-Received Diameter (inch):.4 Diameter Trimmed: a Yes • No 
As-Received Length (inch):12.0/10.0* Length Trimmed: a Yes • No 

TEST SPECIMEN ORIENTATION: • Vertical a Horizontal 

SPECIFIC GRAVITY, G.: 2.72 • Assumed 
a Measured (ASTM D 854) 

PERME/ANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

k20 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w. 
(%) 

Yd 
(pcf) 

S 
(%) 

Oc 
(psl) 

Ub 
(psi) 

Q 
(cm') (days) 

WDS 
(9) 

Wc 

(%) (%) 
8.28 5.04 165.23 19.5 109.4 0.356 96 30 160 50 0.65 289.64 19.5 96 1.2x10-6 

COMMENTS: (1) Horizontal penneability test specimen was cross-cored from the corresponding vertical test specimen. 
* First tength is total sample length. Second tength is useabte tength at full core dtemeter. 

Tfie test data and all associated project infonmatton presented hereon shall be hekl in confidence and disclosed to ottier parties only with the authorization of the CItent or Ardaman 
& /Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samptes are kept in storage for at least 10 woridng days after mailing of 
the test report, prior to being discartted, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where- H = Specimen height; D = Specimen diameter V = Volume; WDS = Dry mass; w. = Moisture content (ASTM D 2216); ŷ  = Dry density; S = Saturation; a,, = Isotropic effective 
confining sbess; û  = Back-pressure; = Average hydraulic gradtent; Q = Row volume; t = Test duration; k̂ g = Saturated hydraulk: conductivity at 20°C; n " Total porosity; 
and G. = Specific gravity. 

11 Checked By: 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younciciuist Brothers. Inc. 

PROJECT:  Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/02/09 

DATE REPORTED: 05/26/09 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
❑ C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  100 o Beginning of Test; 
a End of Test 

ala, (psi):  12  

INCOMING LABORATORY SAMPLE NO.: Core 4 2107.15' - 2107.W 

LABORATORY IDENTIFICATION NO.: 09022/4BV 

SAMPLE DESCRIPTION:  Light brown limestone (massivei 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 Diameter Trimmed: o Yes a No 
As-Received Length (inch):7.3/4.7* Length Tnmmed: a Yes o No 

TEST SPECIMEN ORIENTATION: a Vertical io Horizontal 

SPECIFIC GRAVITY, G.:  2.73 0 Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water ❑ Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H D V w 'id S 'a, u, Q t WDS w. S k20  
(cm) (cm) (cm') (%) (Pa) n  ) (%) (psi) (Psi) 

i„,,, (cm') (days) (9) (%) (%) (cm/sec) 

11.08 9.98 865.85 5.6 144.3 0.153 85 30 160 32 1.5 4 2002.0 5.6 85 1.3 x 10-7 

COMMENTS: (1) Co e sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w0. 
* First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer'storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume, WDS = Dry mass; w.= Moisture content (ASTM D 2216); lid = Dry density; S = Saturation, ii.= Isotropic effective 
confining stress, ul, = Back-pressure; i., = Average hydraulic gradient; Q = Flow volume; t = Test duration; km  = Saturated hydraulic conductivity at 20°C: n = Total porosity; 
and G. = Specific gravity 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/02/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO : Core 4. 2107.15'-2107.8' 

LABORATORY IDENTIFICATION NO.: 09022/4BV 

SAMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 100 ,% • Beginning of Test; 
a End of Test 

AOj (psi): j l2 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):7.3/4.7* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: 
Length Tnmmed: 

a Vertical 

SPECIFIC GRAVITY, G,: 2.73 

PERME/ANT: a Deaired Tap Water o Other 

• Yes 
a Yes 

a No 
• No 

o Horizontal 

• Assumed 
a Measured (ASTM D 854) 

Initial Conditions Test Conditions Final Condittons Hydraulic 
Conductivity 

kjo 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w. 
(%) 

Yd 
(pcf) 

n S 
(%) 

Oc 
(psi) 

Ub 
(psi) 

11.08 9.98 865.85 5.6 144.3 0.153 85 30 160 

Q 
(cm') 

t 
(days) 

WDS 
(g) 

Wo 

(%) 
s 

(%) 
32 1.5 2002.0 5.6 85 1.3 X 10-7 

COMMENTS: (1) Core sample setected foi penneability testing was cut to tength, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal penneability test specimen. WDS calculated from measured wet weight and final w,. 
* First tength is total sampte tength. Second tength is useabte tengtti at full core dtemeter. 

The test data and all associated project information presented hereon shall be held In confidence and disclosed to other parttes only with the authorization of the Client or Ardaman 
& /Associates, Inc Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & /Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume, WDS = Dry mass; w„ = Moisture content (ASTM D 2216); Yd = Dry density: S = Saturation, o,. = Isotropic effective 
confining stress, = Back-pressure; i,^ = Average hydraulic gradient; Q = Flow volume; t = Test duration; k ĵ, = Saturated hydraulic conductivity at 20''C; n = Total porosity; 
and G, = Specific gravity 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younonuist Brothers. Inc. 

PROJECT:  Key Largo WTD Infection Well System 

FILE NO.:  09-022  

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09  

INCOMING LABORATORY SAMPLE NO.:  Core 4, 2107.15' - 2107.8' 

LABORATORY IDENTIFICATION NO.:  09022/4BH  

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
0 B - Falling Head; Constant Tailwater 
0 C - Falling Head; Rising Tailwater 
❑ F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  - a Beginning of Test; 
0 End of Test 

&as  (psi):  -  

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):7.3/4.7*  

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, Gs:  2.73  

PERMEANT: a Deaired Tap Water  

Diameter Trimmed: a Yes 0 No 
Length Trimmed: a Yes o No 

0 Vertical a Horizontal 

0 Assumed 
a Measured (ASTM D 854) 

a Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm') 

W, 

(%) 
Vd 

(PO 
n 

S 
(%) 

5. 
(Psi) 

ub 
(psi) ievg 

Q 
(cm') 

t 
(days) 

WDS 
(9) 

i, 
(%) 

S 
(%) 

1(20 
(cm/sec) 

8.03 5.05 160.90 4.5 145.3 0.147 72 30 160 54 1 3 3 374.67 5.6 89 1.5 x 10-7 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
• First length is total sample length. Second length is useable length at full core diameter. 

- - 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc Physical and electronic records of each project are kept for a minimum of 7 years Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w. = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; Fr. = Isotropic effective 
conhning stress; ui, = Back-pressure; la, = Average hydraulic gradient; Q = Flow volume; t = Test duration; k2o = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE S/AMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO : Core 4, 2107.15' • 2107.8' 

LABORATORY IDENTIFICATION NO.: 09022/4BH 

SAMPLE DESCRIPTION: Ught brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: % • Beginning of Test; 
• End of Test 

Ao . (psi):.: 

SPECIMEN DATA: 
As-Received Diameter (inch); 4 
As-Received Length (inch):7.3/4.7* 

TEST SPECIMEN ORIENTATION; 

Diameter Trimmed: a Yes 
Length Trimmed: a Yes 

• Vertical 

• No 
• No 

a Horizontal 

SPECIFIC GRAVITY, G.: 2.73 D Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulk: 
Conductivity 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') (%) 
Yd 

(pcf) 
S 

(%) 
Oc 

(psi) 
Ub 

(psi) 
Q 

(cm') 
t 

(days) 
WDS 

(9) 
Wo 

(%) 
S 

(%) 
8.03 5.05 160.90 4.5 145.3 0.147 72 30 160 54 1 3 374.67 5.6 89 1.5x10-7 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
First length is total sample tength. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc Physical and electronic records of each project are kept for a minimum of 7 years Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, untess a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc 

Where: H = Specimen height; D = Specimen dtemeter; V = Volume; WDS = Dry mass; w , " Moisture content (ASTM D 2216); Y„ = Dry density; S = Saturation; o, = Isobxipic effective 
conhning stress; u,, ° Back-pressure; i.^ " Average hydraulic gradient; Q = Flow volume; t = Test duration; k2o = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younaquist Brothers. Inc. 

PROJECT:  Key Lam° WED Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/04/09 

DATE REPORTED: 05/26/09  

INCOMING LABORATORY SAMPLE NO.:  Core 4, 2110.9' -  2111.65' 

LABORATORY IDENTIFICATION NO.: 09022/4CV 

SAMPLE DESCRIPTION:  Light brown limestone (sI. wool 

ASTM D 5084 TEST METHOD: 
e A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 100 0 Beginning of Test; 
e End of Test 

Au. (psi):_j_  

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):8.0/6.2* 

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G.:  2.71  

PERMEANT: e Deaired Tap Water  

Diameter Trimmed: r3 Yes e No 
Length Trimmed: ® Yes 0 No 

® Vertical 0 Horizontal 

o Assumed 
® Measured (ASTM D 854) 

o Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w. 
(%) 

yd  
(PO 

n S 
(%) 

Fr. 
(psi) 

ub  
(psi) ia„,, Q 

(cm') 
t 

(days) 
WDS 

(g) 
wr, 

(%) 
S 

(%) 
km 

(cm/sec) 

10.07 9.82 762.73 21.3 107.2 0.366 100 30 160 26 4.1 1 1309.6 21.3 100 3.6 x 10-5 

COMMENTS: (1) Co a sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with dealred tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w,,. 
' First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w. = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; -at, = Isotropic effective 
confining stress; u„ = Back-pressure; I..= Average hydraulic gradient; Q = Flow volume; t = Test duration; ka, = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngquist Brothers. Inc. 

PROJECT: Key Larqp WTD Injection Well System 

FILE NO.: 09-022 

DATE S/AMPLE RECEIVED: 01/28/09 

DATE REPORTED: 05/26/09 

SET UP: ozmm 

INCOMING LABORATORY SAMPLE NO.: Core 4. 2110.9' - 2111.65' 

LABORATORY IDENTIFICATION NO.: 09022/4CV 

S/AMPLE DESCRIPTION: Ught brown limestone (sl. vuggy) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 

B-FACTOR: 100 • Beginning of Test; 
a End of Test 

/As-Received Length (inch):8.0/6.2* 

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY. G.: 2.71 

Diameter Trimmed: • Yes a No 
Length Trimmed: a Yes • No 

a Vertical • Horizontal 

• Assumed 
a Measured (ASTM D 854) 

Ao, (osi): 13 PERMEANT: e 1 Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') 
Wc 
(%) 

Yd 
(pcf) n S 

(%) 
a, 

(psi) 
Ub 

(psi) 
Q 

(cm') 
t 

(days) 
WDS 

(9) 
w. 
(%) 

S 
(%) 

Hydraulic 
Conductivity 

(cm/sec) 

10.07 9.82 762.73 21.3 107.2 0.366 100 30 160 26 4 1 1 1309.6 21.3 100 3.6 X10-5 

COMMENTS: (1) Core sample setected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w,, fi-om horizontal permeability test specimen. WDS calculated from measured wet weight and final w,,. 
* First tength is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be hekJ In confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& /Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 woridng days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; 0 = Specimen diameter, V = Volume; WDS = Dry mass; w . " Moisture content (ASTM D 2216); ŷ  s Diy density; S = Saturation; o, = Isotropic effective 
confining stress; u„ = Back-pressure; i ^ = Average hydraulk: gradient; Q = Flow volume; t = Test duration; kjg = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Younqquist Brothers, Inc. INCOMING LABORATORY SAMPLE 

LABORATORY IDENTIFICATION NO.: 

SAMPLE DESCRIPTION: Light brown 

NO.: Core 4, 2110.9' - 2111.65' 

PROJECT: Key Largo WTD Infection Well System 09022/4CH 

FILE NO.: 09-022 limestone (sl. vuq_gy) 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26109 

ASTM D 5084 TEST METHOD: SPECIMEN DATA: 
a A - Constant Head As-Received Diameter (inch): 4 Diameter Trimmed: a Yes 0 No 
o B - Falling Head; Constant Tailwater As-Received Length (inch):8.0/6.2* Length Trimmed: a Yes 0 No 

C - Falling Head; Rising Tailwater 
F - Constant Volume; Falling Head - Rising Tailwater TEST SPECIMEN ORIENTATION: 0 Vertical a Horizontal 

B-FACTOR: 99 0 Beginning of Test; SPECIFIC GRAVITY, G.: 2.71 0 Assumed 
a Measured (ASTM D 854) a End of Test 

km, (psi):  16  PERMEANT: a Deaired Tap Water 0 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H D V w Yd S v, up 0 t WDS w S k20  

(cm) (cm) (cm3) (%) (Pcf) (%) 
ni 

(Psi) (Psi) un (cm3) (days) (9) (%) (%) (cm/sec) 

7.83 5.05 156.76 21.3 105.8 0.375 97 30 160 26 2.4 2 265.67 21.3 97 3.3 x 10-6 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
* First length Is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where. H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w„ = Moisture content (ASTM D 2216); y d = Dry density; S = Saturation; T: r d = Isotropic effective 
confining stress; u, = Back-pressure; l‘,„, = Average hydraulic gradient; Q = Flow volume; t = Test duration; k20 = Saturated hydraulic conductivity at 20'C; n = Total porosity; 
and G, = Specific gravity. 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 

DATE REPORTED; 05/26/09 

SET UP: 02/10/09 

INCOMING LABORATORY SAMPLE NO.: Core 4. 2110.9' - 2111.65' 

LABORATORY IDENTIFICATION NO.: 09022/4CH 

S/AMPLE DESCRIPTION: Light brown limestone (sl. vuggy) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 99 % • Beginning of Test; 
a End of Test 

AOc (psi): J 6 

SPECIMEN DATA: 
/As-Received Diameter (Inch): J _ 
As-Received Length (inch):8.0/6.2* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: 
Length Trimmed: 

• Vertical 

SPECIFIC GRAVITY, G.: 2.71 

PERME/ANT: a Deaired Tap Water • O t h e r 

a Yes 
a Yes 

• No 
• No 

a Horizontal 

• Assumed 
a Measured (ASTM D 854) 

Initial Conditions Test Conditions Final Condittens Hydraulic 
Conductivity 

kjo 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

Wc 

(%) 
Yd 

(pcf) 
S 

(%) 
o. 

(psi) 
Ub 

(psi) 
Q 

(cm') 
t 

(days) 
WDS 

(9) 
w. 
(%) 

S 
(%) 

7.83 5.05 156.76 21.3 105.8 0.375 97 30 160 26 2.4 265.67 21.3 97 3.3 X 10-6 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
First tength is total sample length. Second tength Is useabte tength at full core dtemeter. 

The test data and all assodated project Inforniation presented hereon shall be hekl in confidence and disctosed to other parttes only witti the authorization of the Client or Ardaman 
& /Associates, Inc. Physical and etectionic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at teast 10 woriung days after mailing of 
ttie test report, prior to being discarded, unless a tonger storage period is requested in writing and accepted by Ardaman & /Associates, Inc. 

Where. H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w. = Moisture content (ASTM D 2216); y^ = Dry density; S = Saturation; a, = Isotropic effective 
confining stress; û  = Back-pressure; 1,^ = Average hydraulic gradtent; Q = Flow volume; t = Test duration; k,, = Saturated hydraulk: conductivity at 20°C; n = Total porosity; 
and G, = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younaquist Brothers, Inc. 

PROJECT:  Key Larao WTD Iniection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED:  01/28/09 SET UP: 02/04/09 

DATE REPORTED:  05/28109 

INCOMING LABORATORY SAMPLE NO.:  Core 5, 2182.35' - 2182.95' 

LABORATORY IDENTIFICATION NO.: 09022J5AV 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
A Constant Head 

o B - Falling Head; Constant Taitwater 
o C - Failing Head; Rising Tailwater 
a F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  100 a Beginning of Test; 
0 End of Test 

Aa, (psi):  8  

SPECIMEN DATA: 
As-Received Diameter (inch): 4  
As-Received Length (Inch):8.8/5.0*  

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G,:  2,79  

PERMEANT: o Deaired Tap Water  

Diameter Trimmed: a Yes o No 
Length Trimmed: 0 Yes a No 

0 Vertical a Horizontal 

a Assumed 
o Measured (ASTM D 854) 

o Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H D 
(cm) 

V 
(cmi) 

via  
(%) 

Ya 
(Pct) 

n S 
(%) 

ii. 
(Psi) 

ub 
(psi) 

km

(cm) La 
n 

(cm') 
t 

(days) 
WDS 
(9) 

w, 
(%) 

S 
cm (cm/sec) 

8.46 9.81 639.78 12.1 129.4 0.257 98 30 160 40 5.9 2 1326.5 12.1 98 4.0 x 10-7 
- 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with dealred tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w,. 
''' First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held In confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
8 Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman 8 Associates, Inc. 

Where: 11= Specimen height 0 = Specimen diameter, V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); ye, 0 Dry density; S 0 Saturation; Fr, 0 Isotropic effective 
confining stress; ub  = Back-pressure; i.„, = Average hydraulic gradient; 0 = Flow volume; t lat Test duration; km = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, = Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngquist Brothers. Inc. 

PROJECT: Key Largo WTD Iniectton Well System 

FILE NO.: 0 9 ^ 2 2 

DATE SAMPLE RECEIVED: 01/28^)9 

DATE REP0RTED: .^ f i8 f i f f i 

. SET UP: 02/04/09 

INCOMING LABORATORY SAMPLE NO.: Core S. 2182.35' - 2182.95' 

LABORATORY IDENTIFICATION NO.: 09022/SAV 

SAMPLE DESCRIPTION: Ught brown limestone (massh/e) 

ASTM D 5084 TEST METHOD: 
B A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 100 _% o Beginning of Test; 
a End of Test 

Ao^ (psi):JB 

SPECIMEN DATA: 
As-Received Diameter (inch):J_ 
As-Recehred Length finch):6.8^.0* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes 
Lengtii Trimmed: a Yes 

a Vertical 

a No 
• No 

• Horizontal 

SPECIFIC GRAVITY. G,: 2.79 • /Assumed 
a Measured (ASTM D 854) 

PERME/ANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

1*20 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w, 
(%) 

Yd 
(pcf) 

S 
(%) (psi) 

Ub 
(psi) 

Q 
(cm') 

t 
(days) 

WDS 
(9) 

w« 
(%) 

S 
(%) 

8.46 9.81 639.78 12.1 129.4 0.257 98 30 160 40 5.9 1326.5 12.1 98 4.0x10-7 

COMMENTS: (1) Core sampte setected for penneabiOty testing was cut to lengtti, air-dried, deaired under vacuum for a minimum of 24 hours, and ttien saturated witti deaired tap 
water from the bottom up vyhlte still under vacuum. (2) Final w, firom horizontal penneability test specimen. WDS catoulated fnim measured wet we^ht and final w,. 
* First tength Is total sampte tength. Second tength Is useatite length at fuD core diameter. 

The test data and ail assocteted project inforniation piesented hereon shaU be heM In confidence and disclosed to other parttes only witti the auttiorization of the CItent or Ardaman 
& /Associates, Inc. Phystoat and etedronto records of each project are kept fOr a minimum of 7 years. Test samples are kept In storage for at teast 10 woridng days after mailing of 
the test report, prior to being dlscanled, untess a longer storage period is requested in writing and accepted by /Ardaman & /Associates, Inc. 

Where: H =• Specimen height; O ° Specimen diameter, V = Volume; WDS » Dry mass; w, = Moisture content (ASTM D 2216); y„» Dry density; S « Saturation; 5, ° Isotropic effective 
confining stress; s Back-pressure; i ^ = Average hydraulto gradtent; Q a Flow volume; t ° Test duration; kg, = Saturated hydrauUc conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. ^ 

Checked By: _ 
Form SR-2B: Rev. 0 

Date: 
Malofl9l\pulMLam lloyeiUI9412:\yaunggj9l datamixt 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youngguist Brothers. Inc. 

PROJECT:  Key Largo WTD Injection Well System 

FILE NO.. 09-022 

DATE SAMPLE RECEIVED:  01/28/09 SET UP:  Q2110/09  

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.:  Core 5, 2182.35' - 2182.95' 

LABORATORY IDENTIFICATION NO.: 09022/5AH 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
A - Constant Head 

0 B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
❑ F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR:  85 (stable)  % 0 Beginning of Test; 
o End of Test 

Aa, (psi):  16. 24. 30  

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):6.8/5.0*  

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G.: 2.79 

PERMEANT: o Deaired Tap Water  

Diameter Trimmed: o Yes 0 No 
Length Trimmed: ® Yes a No 

0 Vertical o Horizontal 

0 Assumed 
o Measured (ASTM D 854) 

0 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

. V 
(cm') 

yr, 
(%) 

Yd 
(PO 

n S 
(%) 

ii. 
(Psi) 

u, 
(psi) 

i an 
Q 

(cm') 
t 

(days) 
WDS 

(g) 
w 
(%) 

S 
(%) 

kw  
(cm/sec) 

7.84 5.05 156.95 12.1 130.1 0.253 100 30 160 51 7.4 2 327.17 12.1 100 5.1 x 10-7 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
" First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period Is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; wd  = Moisture content (ASTM D 2216); Yd  = Dry density; S = Saturation; k = Isotropic effective 
confining stress; 1.1,, = Back-pressure; id, = Average hydraulic gradient; Q = Flow volume; t = Test duration; k,„ = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G„ u Specific gravity. 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Larno WTD Injection Well System 

FILE NO.. 09-022 

DATE SAMPLE RECEIVED: 01/28/09 . SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core S, 2182.35' • 2182.95-

LABORATORY IDENTIFICATION NO.: 09022/5AH 

S/AMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
a C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 85 (stable) % • Beginning of Test; 
a End of Test 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):6.8/5.0* 

TEST SPECIMEN ORIENTATION: 

SPECIFIC GRAVITY, G.: 2.79 

Diameter Trimmed: a Yes • No 
Length Trimmed: a Yes • No 

• Vertical a Horizontal 

• Assumed 
a Measured (ASTM D 854) 

Ao, (psi): 16.24. 30 PERMEANT: e 1 Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

kjo 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w. 
(%) 

Yd 
(pcf) 

n S 
(%) (psi) 

Ub 
(psi) 

Q 
(cm') 

t 
(days) 

WDS 
(g) 

w. 
(%) 

S 
(%) 

Hydraulic 
Conductivity 

kjo 
(cm/sec) 

7.84 5.05 156.95 12.1 130.1 0.253 100 30 160 51 7.4 2 327.17 12.1 100 5.1 X 10-7 

COMMENTS: (1) Horizontal permeability test specimen was cross-cored from the conesponding vertical test specimen. 
* First tength is total sampte length. Second tength is useabte length at full core dtemeter. 

The test data and all associated project information presented hereon shall be heM in confidence and disclosed to other parties only with the authorization of ttie Client or Ardaman 
& Associates, Inc. Phystoal and elecbonic records of each project are kept for a minimum of 7 years. Test samptes are kept in storage for at least 10 woridng days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS " Dry mass; w„ = Moisture content (ASTM D 2216); y^ = Dry density; S = Saturation; o^ = Isotropic effective 
confining sbess; u„ = Back-pressure; i„^ = Average hydraulic gradient; Q = Flow volume; t = Test duration; k „ = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, a Specific gravity. 
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o Yes 
® Yes 

Diameter Trimmed: 
Length Trimmed: 

® No 
o No 

Ok B-FACTOR: 100 o Beginning of Test; 
e End of Test 

Au, (psi):  20 

SPECIFIC GRAVITY, G,:  2.68 o Assumed 
® Measured (ASTM D 854) 

PERMEANT: e Deaired Tap Water o Other  
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younoguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED:  01/28/09 SET UP:  02/01/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.:  Core 5, 2187.55' - 2188.2' 

LABORATORY IDENTIFICATION NO.: 09022/5BV 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

ASTM D 5084 TEST METHOD. 
e A - Constant Head 
o B - Falling Head; Constant Tailwater 
❑ C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):7.8/5.0*  

TEST SPECIMEN ORIENTATION: e Vertical o Horizontal 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm3) 

W. 
(%) 

Ya 
(Pct) O 

n 
S 

(%) 
Fid  

(Psi) 
ub  

(psi) Iavg 
Q 

(cm3) 
t 

(days) 
WDS 

(g) 
w, 

(%) 
S 

(%) 

k2, 
(cm/sec) 

6.92 9.65 505.27 16.5 113.3 0.323 93 30 160 45 2.0 1 917.37 16.5 93 7.4 x 10-8 

COMMENTS: (1) Co e sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired lap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final wc. 
" First length is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w. = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; k = Isotropic effective 
confining stress; ub  = Back-pressure; id,,, = Average hydraulic gradient; Q = Flow volume; t = Test duration, k2d  = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and Gd  = Specific gravity. 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP : 02/01/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO : Core S. 2187.55' • 2188.2' 

LABORATORY IDENTIFICATION NO.: 09022/5BV 

S/AMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD. 
a A - Constant Head 
• B - Falling Head; Ck>nstant Tailwater 
• C - Falling Head; Rising Taihwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 100 % • Beginning of Test; 
a End of Test 

Ao,. (psi): 20 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):7.8/5.0* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: o Y e s 
Length Trimmed: a Yes 

a Vertical • Horizontal 

a No 
• No 

SPECIFIC GRAVITY, G.: 2.68 

PERMEANT: a Deaired Tap Water o Other 

• Assumed 
a Measured (ASTM D 854) 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

k20 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') 
Wc 

(%) 
Yd 

(pcf) n S 
(%) 

5. 
(psi) 

Ub 
(psi) 

6.92 9.65 505.27 16.5 113.3 0.323 93 30 160 

Q 
(cm') (days) 

WDS 
(9) 

w. 
(%) 

S 
(%) 

45 2.0 917.37 16.5 93 7.4 X 10-8 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired lap 
water from the bottom up while still under vacuum. (2) Final from horizontal permeability test specimen. WDS calculated from measured wet weight and final w„. 

First length is total sample length. Second length is useable length at hill core diameter. 

The test data and all associated project inforniation presented hereon shall be held in confidence and disclosed to other patties only with the authorization of the Client or Ardaman 
& /Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 woridng days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); Yd = Cry density; S = Saturation; o„ = Isotropto effective 
confining stress; u^ = Back-pressure; i,^ = Average hydraulic gradtent; Q = Flow volume; t = Test duratton, k^, = Saturated hydraulto conductivity at 20°C; n = Total porosity; 
and G. = Specific gravity. ——-——^ 

Checked By: _ 
Form SR-2B: Rev! 

Date: Qt? /^/(O^^ 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youngguist Brothers. Inc. 

PROJECT:  Key Larno  WTD Infection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED:  01/28/09 SET UP: 02/10/09 

DATE REPORTED:  05/26/09  

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
o B - Falling Head; Constant Tailwater 
13 C - Falling Head; Rising Tailwater 
❑ F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR.  100 o Beginning of Test; 
a End of Test 

Ado  (psi):  12  

INCOMING LABORATORY SAMPLE NO.:  Core 5, 2187.55' - 2188.2' 

LABORATORY IDENTIFICATION NO.: 09022/5BH 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

SPECIMEN DATA: 
As-Received Diameter (inch):  4 Diameter Trimmed: a Yes o No 
As-Received Length (Inch):7.8/5.0* Length Trimmed: a Yes o No 

TEST SPECIMEN ORIENTATION: ❑ Vertical a Horizontal 

SPECIFIC GRAVITY, G.:  2.68 0 Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water 0 Other  

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm3) 

w 

(%) 
Yd  

(Pd) 
n S 

(%) 
ii, 

(Psi) 
ut, 

(Psi) 
i .41 

CI 
(cm3) 

t 
(days) 

WDS 
(9) 

w. 
(%) 

S 
(%) 

k2. 
(an/sec) 

7.48 5.05 149.79 16.5 114.4 0.316 96 30 160 48 0.50 1 274.66 16.5 96 4.9 x 10-7 

COMMENTS.  (1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. 
• First length is total sample length. Second length Is useable length at full core diameter. ,.. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; wa  = Moisture content (ASTM D 2216); Yd  = Dry density; S = Saturation; ii. = Isotropic effective 
confining stress; ii, = Back-pressure, i„,,,, = Average hydraulic gradient; Q = Flow volume; t = Test duration; ka, = Saturated hydraulic conductivity at 20° C; n = Total porosity; 
and G„ = Specific gravity. 

Checked By: Mil 
Form SR-2B: Rev. 0 

Date:  0q2.60  
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 0 1 ^ 8 ^ . SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core S. 2187.55' - 2188.2' 

LABORATORY IDENTIFICATION NO.: 09022/5BH 

SAMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR 100 % • Beginning of Test; 
a End of Test 

Ao„ (psl):jl2 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (lnch):7.8/5.0* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes • No 
Length Trimmed: a Yes • No 

• Vertical a Horizontal 

SPECIFIC GRAVITY, G.: 2 68 • Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

k20 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w. 
(%) 

Yd 
(pcf) n S 

(%) 
o. 

(psl) 
Ub 

(psi) 'nag 
Q 

(cm') 
t 

(days) 
WDS 

(g) 
Wo 

(%) 
S 

(%) 

Hydraulic 
Conductivity 

k20 
(cm/sec) 

7.48 5.05 149.79 16.5 114.4 0.316 96 30 160 48 0.50 1 274.66 16.5 96 4.9 X10-7 

COMMENTS- (1) Horizontal penneability test specimen was cross-cored from the corresponding vertical test specimen. 
* First tength is total sample tength. Second tength Is useabte length at full core dtemeter. 

The test data and all assocteted project infiimiiation presented hereon shall be heM in confidence and disclosed to other 
& Associates, Inc. Phystoal and electronto records of each project are kept for a minimum of 7 years. Test samples are 
the test report, prior to being discanJed, untess a longer storage period is requested in writing and accepted by Ardaman 

parties only with the authorization of the CItent or Ardaman 
kept in storage for at least 10 woridng days after mailing of 
& Assoctetes, Inc. 

Where: H = Specimen height; D = Specimen diameten V - Volume; WDS = Dry mass; w„ = Moisture content (ASTM D 2216); Y„ = Dry density; S = Saturation; o, = Isotropic effective 
confining stress; = Back-pressure, i „ , = Average hydraulic gradient: Q ° Flow volume; t = Test duration; k^ = Saturated hydraulic conductivity at 20° C; n = Total porosity; 
and G, = Specific gravity. 

Checked By: 
Fomn SR-2B: Rev. 0 Mr Date: O^^M 
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Diameter Trimmed: 
Length Trimmed: 

SPECIMEN DATA. 
As-Received Diameter (inch).  4 
As-Received Length (inch):6.0/4.6• 

0/0  B-FACTOR' 100 ❑ Beginning of Test; 
im End of Test 

A; (psi):  7 

SPECIFIC GRAVITY, G.:  2.76 a Assumed 
e Measured (ASTM D 854) 

PERMEANT: e Deaired Tap Water ❑ Other  

Date: Checked By:  
Form SR-28: Rev. 0 11Aablis1IpubielLaura Meyer1119-02.21youngquIst data wpd 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Youngguist Brothers, Inc. 

PROJECT: Key Largo WTD Infection Well System 

FILE NO..  09-022 

DATE SAMPLE RECEIVED:  01/28/09 SET UP: 02/02/09 

DATE REPORTED: 05/26/09  

INCOMING LABORATORY SAMPLE NO.:  Core 5, 2191.25' - 2191.8' 

LABORATORY IDENTIFICATION NO.: 09022/5CV 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
e A - Constant Head 
o B - Falling Head; Constant Tailwater 
o C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater TEST SPECIMEN ORIENTATION: e Vertical 

o Yes a No 
13 Yes ° No 

o Horizontal 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm') 

wo  
(%) 

Yd 
(Pct) 

n 
S 

(%) 
a. 

(psi) 
Lib 

(Psi) lave 
Q 

(cm') 
t 

(days) 
WDS 

(9) 
w. 
(%) 

S 
(%) 

1(20  
(cmisec) 

11.17 9.99 874.82 13.2 125.6 0.271 98 30 160 28 0.69 2 1760.8 13.2 98 9.1 x 10-7 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final wo. 
* First length is total sample length Second length is-useable length at full core diameter. 

The test data and all associated project Information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; k = Isotropic effective 
confining stress; ub  = Back-pressure; i,,,, = Average hydraulic gradient; Q = Flow volume; t = Test duration; k20  = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G, = Specific gravity. 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 

PROJECT: Key Largo WTD Injection Well System 

FILE NO . 09-022 

DATE S/AMPLE RECEIVED: 01^8/09 SET UP: 02/02/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core 5, 2191.25' • 2191.8' 

LABORATORY IDENTIFICATION NO.: 09022/5CV 

S/AMPLE DESCRIPTION: Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
• C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR 100 % • Beginning of Test; 
a End of Test 
Ao, (psi): J 

SPECIMEN DATA.  
As-Received Diameter (inch): 4 
As-Received Length (inch):6.0/4.6* 
TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: • Yes 
Length Trimmed; a Yes 
a Vertical 

a No 
• No 

• Horizontal 

SPECIFIC GRAVITY. G.: 2.76 • Assumed 
a Measured (ASTM D 854) 

PERMEANT: a Deaired Tap Water o Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

kao 
(cm/sec) 

H 
(cm) 

D 
(cm) 

V 
(cm') 

w„ 
(%) 

Yd 
(pcf) 

S 
{%) 

o. 
(psi) 

Ub 
(psi) 

Q 
(cm') 

t 
(days) 

WDS 
(9) 

Wc 
(%) 

S 
(%) 

11.17 9.99 874.82 13.2 125.6 0.271 98 30 160 28 0.69 1760.8 13.2 98 9.1 X 10-7 

COMMENTS: (1) Core sample selected for permeability testing was cut to length, air-dried, deaired under vacuum for a minimum of 24 hours, and then saturated with deaired tap 
water from the bottom up while still under vacuum. (2) Final w, from horizontal permeability test specimen. WDS calculated from measured wet weight and final w„. 
' First length is total sample length Second length is useable length at full core diameter. 

The test data and all associated project infbnnation presented hereon shall be held in confidence and disclosed to other parttes only with the authorization of Uie CItent or Ardaman 
& /Associates, (nc. Physical and etectronic records of each project are kept for a minimum of 7 years. Test samptes are kept in storage for at teast 10 woriung days after mailing of 
the test report, prior to being discarded, unless a tonger storage period Is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter, V = Volume; WDS = Dry mass; w, = Moisture content (ASTM D 2216); ŷ  = Dry density; S = Saturation; o, = Isotropic effective 
confining stress; û  = Back-pressure; i ^ = Average hydraulto gradtent; Q = Flow volume; t = Test duration; kjo = Saturated hydraulic conductivity at 20°C; n => Total porosity; 
and G, = Specific gravity. 
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❑ Beginning of Test; 
Eg End of Test 

Acy, (psi):  12  

B-FACTOR:  97  CI Assumed 
a Measured (ASTM D 854) 

0 Other 

SPECIFIC GRAVITY, G.:  2.76  

PERMEANT: a Deaired Tap Water 

tlAalaraltpublialLaura blayea09-022Wataappdat datawpd 
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT:  Younctouist Brothers. Inc. 

PROJECT:  Key Largo WTD Infection Well System 

FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.:  Core 5, 2191.25' - 2191.8' 

LABORATORY IDENTIFICATION NO.: 09022/5CH 

SAMPLE DESCRIPTION:  Light brown limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
0 B - Falling Head; Constant Tailwater 
❑ C - Falling Head; Rising Tailwater 
o F - Constant Volume; Falling Head - Rising Tailwater 

SPECIMEN DATA: 
As-Received Diameter (inch):  4  
As-Received Length (inch):6.0/4.6*  

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: Cg Yes ❑ No 
Length Trimmed: Ea Yes 0 No 

0 Vertical a Horizontal 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

H 
(cm) 

D 
(cm) 

V 
(cm3) 

w, 
(%) 

Yd  
(Pct) 

n 
S 

(%) 
Zr. 

(Psi) 
ub  

(Psi) 
I 
"9  

Q 
(cm3) 

t 
(days) 

WDS 
(9) 

w, 
(%) 

S 
(%) 

k20  
(cm/sec) 

7.78 5.05 155.57 13.2 125.3 0.272 97 30 160 40 1.7 1 312.45 13.2 97 1.4 x 104 

(1) Horizontal permeability test specimen was cross-cored from the corresponding vertical test specimen. ,COMMENTS: 
* First length Is total sample length. Second length is useable length at full core diameter. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client or Ardaman 
& Associates. Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 working days after mailing of 
the test report, prior to being discarded, unless a longer storage period Is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w0 = Moisture content (ASTM D 2216); yd  = Dry density; S = Saturation; Fi.= Isotropic effective 
confining stress; u, = Back-pressure; i.,,, = Average hydraulic gradient; Q = Flow volume; t = Test duration; k20  = Saturated hydraulic conductivity at 20*C; n = Total porosity; 
and G,=,  Specific gravity. 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
ROCK CORE HYDRAULIC CONDUCTIVITY TEST REPORT 

CLIENT: Youngquist Brothers. Inc. 

PROJECT: Key Largo WTD Infection Well System 

FILE NO.; 09-022 

DATE SAMPLE RECEIVED: 01/28/09 SET UP: 02/10/09 

DATE REPORTED: 05/26/09 

INCOMING LABORATORY SAMPLE NO.: Core S. 2191.25'- 2191.8' 

LABORATORY IDENTIFICATION NO.: 09022/SCH 

SAMPLE DESCRIPTION: Linht brovm limestone (massive) 

ASTM D 5084 TEST METHOD: 
a A - Constant Head 
• B - Falling Head; Constant Tailwater 
a C - Falling Head; Rising Tailwater 
• F - Constant Volume; Falling Head - Rising Tailwater 

B-FACTOR: 97 % • Beginning of Test; 
a End of Test 

Ao, (psi):_12 

SPECIMEN DATA: 
As-Received Diameter (inch): 4 
As-Received Length (inch):6.0/4.6* 

TEST SPECIMEN ORIENTATION: 

Diameter Trimmed: a Yes • No 
Length Trimmed: a Yes • No 

• Vertical a Horizontal 

SPECIFIC GRAVITY, G.: 2.76 a Assumed 
a Measured (ASTM O 854) 

PERME/ANT: a Deaired Tap Water • Other 

Initial Conditions Test Conditions Final Conditions Hydraulic 
Conductivity 

(cm/sec) 
H 

(cm) 
D 

(cm) 
V 

(cm') 
Wc 

(%) 
Yd 

(pcf) n S 
(%) 

o. 
(psi) 

Ub 
(psi) 

7.78 5.05 155.57 13.2 125.3 0.272 97 30 160 

Q 
(cm') 

t 
(days) 

WDS 
(9) 

w. 
(%) 

S 
(%) 

40 1.7 312.45 13.2 97 1.4x10-6 

COMMENTS: (1) Horizontal peimeability test specimen was cross-cored from ttie conesponding vertical test specimen. 
• First length Is total sampte tength. Second tengtti Is useabte tengtti at fiill core diameter. 

The test data and all assocteted project inforniation presented hereon shall be held in confidence and disclosed to other parttes only viritti the authorization of the Client or Ardaman 
& /Associates. Inc. Physical and electronic reconls of each project are kept for a minimum of 7 years. Test samptes are kept In storage for at least 10 woridng days after mailing of 
the test report, prior to being discarded, unless a tonger storage period is requested In writing and accepted by Anlaman & /Associates, Inc. 

Where: H = Specimen height; D = Specimen diameter; V = Volume; WDS = Dry mass; w,, = Moisture content (ASTM D 2215); Yd = Dry density; S = Saturation; a,; = IsoUopic effective 
confining stress; û  = Back-pressure; i^, = Average hydraulic gradient; 0 = Flow volume; t = Test duration; kjo = Saturated hydraulic conductivity at 20°C; n = Total porosity; 
and G = Specific gravity. 
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V\AalDrts1\pubUc\Laura Mayer\09-a22Vouneqiilal datawpd 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT:  Youngquist Brothers, Inc. INCOMING SAMPLE NO.:  Core 1  
PROJECT:  Key Largo WTD Infection Well System BORING - SAMPLE B  
FILE NO.:  09-022 DEPTH 1733.3-1734.55 eft; am 

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09  

LABORATORY IDENTIFICATION NO.:  09022/C1B  
SAMPLE DESCRIPTION:  Brown dolomitic limestone  
(massive. tr. vuqs)  

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, ;Mt) 
(lbfin2) 

Young's 
Modulus, E 

(lb/in2) H 
(ml) 

D 
(cm) H/D k 

(%) 
Ye 

(1b/fe) 
S 

(%) 
it 

(an/minute) 
t 

(%/minute) 

10.30 5.05 2.0 1.8 159.7 52 0.013 0.12 11.6 9136 7.6x105 at 50% 01(ult) 

7 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature (°C): 19.6 Specimen did not fail when Initially 
tested in 20,000 lb Instron 4206 load 
frame. Specimen was transferred to Capping Material: a None 

a Lab-Stone 
. a Sulfur 

Comments: Maximum load In Versa- 

6 1 and retested in a 60,000 lb Versa- 
Tester load frame. 

,..-.. 5 
u) 
_v 

b 

Tester toad frame was 28,384 lb. 
Rate of loading from Instron 4208 
portion of test; time to failure from 4 

ui 
u) 
ED_ ..65  3  

Versa-Tester Portion of test. 

SPECIMEN PREPARATION 
ai — 
x 
< 

Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
a Yes 
cl No 

2 

1 
Gs: 2.81 ci Assumed 

a Measured 

FAILURE SKETCH 0 
00 02 04 06 

Axial Strain, 

08 1.0 

(%) 

:111: 

....i___. 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client 
or Ardaman &Associates, tnc. Physical and electronic records of each project are kept fora minimum of 7 years. Test samples are kept in storage for at least 10 working 
days after mailing of the test report prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height D = Specimen diameter, w. = Moisture content (ASTM D 2216); y. = Dry density, S a Saturation; t = Vertical displacement rate; and 
G. a Specific gravity. 

Checked By: Tlif Date:  112.6161 CADiscurnents and Settings4anwIldmentDocuments1Projects109109-0221UC tasts.wpd 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT: Youngquist Brothers, Inc. 
PROJECT: Key Largo WTD Iniection Well Svstenri 
FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09 

INCOMING SAMPLE NO.: Corel 
BORING.: SAMPLEJ_ 
DEPTH 1733.3-1734.55 . a ft; a m 
LABORATORY IDENTIFICATION NO.: 09022/C1B 
S/\MPLE DESCRIPTION: Brown dolomitic limestone 
f massive, tr. vugs) 

Specimen Dimensions Inittel Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Sti-ength, o,(ult) 
(Ib/in^ 

Young's 
Modulus, E 

(lb/in') H 
(cm) 

0 
(cm) H/D Wc 

(%) (Ib/ff) 
S 

(%) 
t 

(cm/minute) 
t 

(%/minute) 

Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Sti-ength, o,(ult) 
(Ib/in^ 

Young's 
Modulus, E 

(lb/in') 

10.30 5.05 2.0 1.8 159.7 52 0.013 0.12 11.6 9136 7.6x10* at 50% CT.(ult) 

(A 
(0 
£ 

•4-4 

CO 
"(5 
< 

Specimen did not fail when Inittally 
tested In 20,000 lb Instron 4206 load 
frame. Specimen was transferred to 

' and retested in a 60,000 lb Versa-
Tester load frame. 

Specimen did not fail when Inittally 
tested In 20,000 lb Instron 4206 load 
frame. Specimen was transferred to 

' and retested in a 60,000 lb Versa-
Tester load frame. i / / 

0.0 0.2 0.4 0.6 

Axial Strain, (%) 
0.8 1.0 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature (°C): 19.6 

Capping Material: • None 
B Lab-Stone 

. • Sulfur 

Comments: Maximum load In Versa-
Tester load frame was 28,384 lb-
Rate of loading from Instron 4208 
portion of test; time to failure from 
Versa-Tester poition of test 

SPECIMEN PREPARATION 

Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
B Yes 
• No 

2.81 • Assumisd 
a Measured 

FAILURE SKETCH 

The test data and all associated project Infbnnation presented hereon shall be lield in confidence aid disclosed to ottier parties only with the authorization of the Client 
or Ardaman & Associatss, Ina Physical and electronic records of each project are kept tor a minimum or 7 years. Test samples are kept In storage for at least 10 working 
days after mailing of the test report prior to being discarded, unless a longer storage penod is requested in writing and accepted by Ardaman S Associates. Inc 

Where: H = Specimen height D = Specimen diameter: w. = Moisture content (ASTM D 2216); Va = Dry density, S > Saturation; t = Vertical displacement rate; and 
G, a Specific gravity. 

Checked By:_ Date: C:\tocuments and S«tangs\]an.w(tdrnan\OocufTisnts\Pn̂ sct8\0SV)0̂ 022UJC tests.wpd 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT:  Youndduist Brothers. Inc. 
PROJECT:  Key Largo WTD Infection Well System 
FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09  

INCOMING SAMPLE NO.:  Core 1  
BORING  - SAMPLE  C  
DEPTH  1736.1-1737.0 e ft; o m 
LABORATORY IDENTIFICATION NO.:  09022/1C  
SAMPLE DESCRIPTION:  Brown dolomitic limestone  
(massive, tr, VUQS and one crevice)  

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, ;Wit) 
(Ib/in2) 

Young's 
Modulus. E 

(lbfin2) H 
(cm) 

D 
(cm), WI) wa  

(%) 
Niel 

(1b/fe) 
S 

(%) 
t 

(cm/minute) 
t 

(%/minute) 

10.33 5.05 2.0 2.0 155.7 45 0.013 0.12 9.2 6118 
- , 

7.7x105 at 50% ai(ult) 

7 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature (*C): 19.6 
6 / 

Capping Material: 0 None 
a Lab-Stone 
o Sulfur 

Comments: Tested on Instron 4206 
—. 5 
cn 
IC 

tf 4 
with 20.000 lb load cell 

ui 
co 
to 

SPECIMEN PREPARATION CO 3  
To -)c-- Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
a Yes 
o No 

2 

1 
G,: 2.81 a Assumed 

a Measured 

FAILURE SKETCH 0 

0.0 0.2 

1 

0.4 0 

Axial Strain, 

6 0.8 

(%) 

1 0 1.2 

1 1 

i_ 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client 
or Ardaman & Associates, Inc. Physical and electronic records of each project are kept fora minimum of 7 years. Test samples are kept in storage for at least 10 working 
days after mailing of the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H= Specimen height; D = Specimen diameter, w, = Moisture content (ASTM D 2218); y, = Dry density, S = Saturation; t = Vertical displacement rate; and 
G, = Specific gravity. 

Checked By:  II/ Date:  00 CADocumarna and Satlaxanian wddmanOacumanta1Projects109V7941221UC tests.wpd 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 
PROJECT: Key Largo WTD Iniection Well System 
FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09 

INCOMING SAMPLE NO.: Corel 
BORING.: SAMPLE C 
DEPTH 1736.1-1737.0 B ft; • m 
LABORATORY IDENTIFICATION NO.: 09022/1C 
SAMPLE DESCRIPTION: Brown dolomitic limestone 
(massive, tr. vugs and one crevice) 

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o,(ult) 
(Ibfln^ 

Young's 
Modulus, E 

(Ihfln^ H 
(cm) 

D 
(cm), H/D w, 

(%) 
Yd 

(Ib/fe) 
S 

(%) 
t 

(cm/minute) 
t 

(%/minute) 

Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o,(ult) 
(Ibfln^ 

Young's 
Modulus, E 

(Ihfln^ 

10.33 5.05 2.0 2.0 155.7 45 0.013 0.12 9.2 6118 7.7x10* at 50% a.(ult) 

^ 5 
•(fl 

CO 
CO 

CO 
w 

I 

/ 

/ 

0.0 0.2 0.4 0.6 0.8 

Axial Strain, (%) 

1.0 1.2 

TEST PROCEDURES 

a ASTM StandanI D 7012, 
Method C 

Air Temperature (°C): 19.6 

Capping Material: • None 
a Lab-Stone 
• Sulfur 

Comments: Tested on Instron 4206 
writh 20.000 lb load cell 

SPECIMEN PREPARATION 

Original Core Diameter (inch): 4 

Specimen Sut)-Cored for Testing: 
a Yes 
• No 

G.:. 2.81 • Assumed 
a Measured 

FAILURE SKETCH 

The test data and all associated project information presented hereon shall be held In confidence and disclosed to other parties only with the authorization of the Client 
or Ardaman & Assodetes, Inc. Physical and electrenic reconjs of each project are kept foram[nimumof7years. Test samples are kept in storage for at least 10 working 
days after mailing of the test report, pnor to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Assodatas, Inc. 

Where: H = Specimen height D = Specimen diameter; w. = Moisture content (ASTM 0 2216); Yd = Or/ density; S = Saturation: t = Vertical displacement rate; and 
G, = Specific gravity. 

Checked Date C.\Ooeiimsnt9 and Settmgs^an wiUman\Document8\Pro]KtsV03\D»-Q22\UC lests.wpd 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT:  Youngguist Brothers. Inc.  
PROJECT:  Key Largo WTD Infection Well System  
FILE NO.:  09-022  

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09  

INCOMING SAMPLE NO.:  Core 2  
BORING  - SAMPLE  A  
DEPTH  1859.5-1860.35 oft; am 
LABORATORY IDENTIFICATION NO.:  09022/C2A  
SAMPLE DESCRIPTION:  Light brown limestone  
(v. sl. vow) 

Specimen Dimensions Initial Conditions Rate of Loading 
Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, ;Wit) 
(1b/in ) 

Young's 
Modulus, E 

(Ib/in2) H 
(cm) 

D 
(cm) HAD W. 

(%) 
yd 

att/ft) 
S 

(%) 
t 

(cm/minute) 
t 

(%/minute) 

10.43 5.04 2.1 17.4 107.8 85 0.013 0.12 4.0 1150 2.9x105 at 50% a„(utt) 

.. 

TEST PROCEDURES 

® ASTM Standard D 7012, 
Method C 

Air Temperature (°C): 18.9 
2.0 

Capping Material: o None 
a Lab-Stone 
0 Sulfur 

Comments: Tested on Instron 
1.5 

e•-• 
co 

-Nc 

e 

a 
/‘ 

4206 with 20.000 lb load_ cell 

,ce 1.0 
it' 

II 

.* 

SPECIMEN PREPARATION 

Original Core Diameter (inch): 4  

Specimen Sub-Cored for Testing: 
ISI Y89 
0 No 

0.5 

Gs: 2.88 0 Assumed 
e Measured 

FAILURE SKETCH 0.0 
0.0 0 2 0.4 0 6 0 8 1 0 

Axial Strain, (%) 
-  

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client 
or Ardaman & Associates, Inc. Physical and electronic records of each project are kept fora minimum of 7 years. Test samples are kept In storage for at least 10 working 
days after mailing of the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height; 0 = Specimen diameter, w, = Moisture content (ASTM D 2218); y. = Dry density; S = Saturation; E = Vertical displacement rate: and 
G. = Specific gravity. 

Checked By:  1/  Date: GILIccuments and 6ettingsWitwadmantDoeurnardWropetWI109-1:02WC tasto.wpd 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 
PROJECT: Key Largo WTD Iniection Well System 
FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09 

INCOMING SAMPLE NO.: Core 2 
BORINGj^ SAMPLE A_ 
DEPTH 1859.5-1860.35 aft; am 
LABORATORY IDENTIFICATION NO.: 09022/C2A 
SAMPLE DESCRIPTION: Light brown limestone 
(v. sl. vuggy) 

Spedmen Dimensions Initial Conditions Rata of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, a,(ult) 
(lb/In*) 

Young's 
Modulus, E 

(Ib/in^ H 
(cm) 

0 
(cm) H/D Wo 

(%) (.\blf\?) 
S 

(%) 
t 

(cm/minute) 
t 

(%/minute) 

Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, a,(ult) 
(lb/In*) 

Young's 
Modulus, E 

(Ib/in^ 

10.43 5.04 2.1 17.4 107.8 85 0.013 0.12 4.0 1150 2.9x10^ at 50% (7.(ult) 

i2 

2 
33 
To 

3 

2.0 

1.5 

2> 1.0 

0.5 

0.0 
0.0 0.2 0.4 0.6 0.8 

Axial strain, (%) 
1.0 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

AirTemperahjre (°C): 18.9 

Gapping Material: oNone 
a Lab-Stone 
• Sulfur 

Comments: Tested on Instron  
4206 with 20.000 lb load cell 

SPECIMEN PREPARATION 

Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
a Yes 
• No 

G.: 2.68 • Assumed 
a Measured 

FAILURE SKETCH 

The test data and all associated project infonnatlon presented hereon shall be held in confidence and disclosed to other parttes only with the authorizatton of the Client 
or Ardaman & Associates, Inc. Physical and electreinic records of each project are kept Ibr a minimum of 7 years. Test samples are kept In storage for at least 10 working 
days after mailing of the test report prior to l)eing discarded, unless a longer storage period Is requested In writing and accepted l>y Ardaman & Assodatea, Inc 

Where: H = Specimen height 0 = Specimen diameter, = Moisture content (ASTM D 2216); Yd = Dry density; S » Saturation; t = Vertical displacement rate; and 
G, = Specific gravity. 

Checked By:. Date: C:\00Gunwna and Sstl{ngs^wDdinffii\OaajiT»its\Pn|uts\II9\D9.a22\UC tcstawpd 



Date: Checked By:  IA 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT:  Youngguist Brothers. Inc.  
PROJECT:  Key Largo WTD Infection Well System  
FILE NO.:  09-022  

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09  

INCOMING SAMPLE NO.:  Core 2  
BORING  - SAMPLE  C  
DEPTH  1868.45-1869.2 aft; o m 
LABORATORY IDENTIFICATION NO.:  09022/2C  
SAMPLE DESCRIPTION:  Brown dolomitic limestone  
(massive, tr. vuds) 

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) t 

Unconfined 
Compressive 

Strength, cyjult) , 
(l n2) 

Young's 
Modulus, E 

(lb/in 
 

2) 
(cm) (cm) H/D (%) 

Yd 
(Ib/ft3) 

S 
(%) 

t 
(cm/minute) (%/minute) 

10.46 5.05 2.1 3.6 148.0 50 0.013 0.12 8.4 6112 8.1x106 at 50% a„(ult) 

7 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature (*C): 19.6 

Capping Material: a None 
a Lab-Stone 
a Sulfur 

Comments: Tested on Instron 

6 

5 
'co—  
sc 

Um  

4206 with 20.000 lb load cell 

Cl) 
Cl) 
T. SPECIMEN PREPARATION .65 3  

To Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
a Yes 
0 No 

2 

Gi: 2.81 ro Assumed 1 
a Measured 

FAILURE SKETCH 

----- 
0 

0.0 0.2 0.4 0.6 0.8 

Axial Strain, (%) 

1.0 1.2 

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client 
or Andaman & Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working 
days after mailing of the test report, prior to being discarded, unless a longer storage period is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height D = Specimen diameter, w, = Moisture content (ASTM D 2216); Vo = Dry density; S = Saturation; C = Vertical displacement rate; and 
0. = Specific gravity. 

CADactonerds and Seningalfan viadmarnOaaanantiAProjecla109‘09-0221UC tends.wpd 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT: Youngquist Brothers. Inc. 
PROJECT: Key Largo WTD Inlection Well System 
FILE NO.: 09-022 

DATE SAIVIPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09 

INCOMING SAIVIPLE NO.: Core 2 
BORINGj^ SAMPLER 
DEPTH 1868.45-1869.2 a ft; o m 
LABORATORY IDENTIFICATION NO.: 09022/2C 
SAi\/IPLE DESCRIPTION: Brown dolomitic limestone 
(massive, tr. vugs) 

Speclmsn Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o.(ult) 
(Ibfln') 

Young's 
Modulus, E 

(Ib/ln^ H 
(cm) 

D 
(cm) HID Wc 

(%) (lb/ft') 
S 

(%) 
t 

(cm/minute) 
t 

(%/minute) 

Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o.(ult) 
(Ibfln') 

Young's 
Modulus, E 

(Ib/ln^ 

10.46 5.05 2.1 3.6 146.0 50 0.013 0.12 8.4 6112 3.1x10* at 50% a,(ult) 

^ 5 
(O 

CO 
CO 
0) 

CO 
"TO 

3 

0.4 0.6 0.8 

Axial Strain, (%) 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature (°C): 19.6 

Capping Material: • None 
la Lab-Stone 
• Sulfur 

Comments: Tested on Instron  
4208 with 20.000 lb load cell 

SPECIMEN PREPARATION 

Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
a Yes 
• No 

G.:. 2.81 • Assumed 
a Measured 

FAILURE SKETCH 

The test data and all assodated project Information presented hereon shall be hekl In confldance and disclosed to other parties only with the authorization of the Client 
or Ardaman a Associates, Inc. Physical and electronic records of each protect are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working 
days after mailing of the test report prior to being discarded, unless a longer storage period is requested In writing and accepted by Ardaman S Associates, Inc 

Where: H » Specimen height D = Specimen diameter = Moisture content (ASTM D 2216); v„ = Dry density; S = Saturation; t = Vertical displacement rate; and 
Q. = Spedfta gravity. 

Checked Date: C-\Documenl3 anA Satt lngs^n wildman\Oocuinent5\Praiecta\09\09*022\UC tests.wpd 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT:  Youngguist Brothers. Inc.  
PROJECT:  Key Largo WTD Injection Well System  
FILE NO.:  09-022  

DATE SAMPLE RECEIVED:  01/26/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED:  05/26/09  

INCOMING SAMPLE NO.:  Core 3  
BORING  - SAMPLE  A  
DEPTH  1982.85-1983.8 a ft, o m 
LABORATORY IDENTIFICATION NO.:  09022/3A  
SAMPLE DESCRIPTION:  Light brown limestone  
(v. sl. %amy) 

Specimen Dimensions Initial Conditions Rate of Loading lime to 
Failure 

Unconfined 
Compressive 

Strength, a,(ult) 
(Ib/in2) 

Young's 
Modulus, E 

H 
(cm) 

D 
(cm) 

W, 
(%) 

Ye 
(lbIft3) 

S 
(%) 

e 
(cm/minute) H/D (minutes) (113/in2) t 

(%/minute) 

10.19 5.04 2.0 16.1 108.9 80 0.013 0.12 5.3 1494 3.0x105 at 50% a,(ult) 

2.0 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature (°C): 18.9 

Capping Material: 0 None 
a Lab-Stone 
0 Sulfur 

Comments: Tested on Instron 
1.5 

0--- 
cn 

ids' 

m

i
1.0 

4206 with 20,000 lb load cell 

Lt. 
(
...ii  

co •x— 

0.5 

' 

SPECIMEN PREPARATION 

Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
a Yes 
0 No 

4 

Gs: 2.79 0 Assumed 
a Measured 

FAILURE SKETCH 0.0 
0.0 0 2 0.4 0 6 0.8 1.0 

Axial Strain, (%) 

L  

The test data and all associated project information presented hereon shall be held in confidence and disclosed to other parties only with the authorization of the Client 
or Ardaman & Associates. Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working 
days after mailing of the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H. Specimen height 0 . Specimen diameter, w, = Moisture content (ASTM 0 2218); Yd. Dry density, S = Saturation; a -4 Vertical displacement rate; and 
(3, = Specific gravity. 

Checked By:  lit  Date:  DO 12.6161  C:Oocurnents and Eiettrigslan.wildrnanTocumenttdProJests109109-022LLIC tens wpd 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT: Youngquist Brottiers. Inc. 
PROJECT: Key Largo WTD Iniection Well System 
FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09 

INCOMING SAMPLE NO : Core 3 
BORINGj^ SAMPLEA. 
DEPTH 1982.85-1983.8 
LABORATORY IDENTIFICATION NO.: 09022/3A 
SAMPLE DESCRIPTION: Light brown limestone 
(V. sl. vuggy) 

af t ; Dm 

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o.(ult) 
(Ib/in^ 

Young's 
Modulus, E 

(lb/in') H 
(cm) 

D 
(cm) 

H/D w. 
(%) 

Yd 
(Ib/fP) 

S 
(%) (cm/minute) 

t 
(%/minute) 

Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o.(ult) 
(Ib/in^ 

Young's 
Modulus, E 

(lb/in') 

10.19 5.04 2.0 16.1 108.9 80 0.013 0.12 5.3 1494 3.0x10^ at 50% CT,(ult) 

(O 

CO 
CO 
0) 
55 
15 

3 

2.0 

1.5 

1.0 

0.5 

0.0 

0.0 0.2 0.4 0.6 

Axial strain, (%) 
0.8 1.0 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature CC): 18.9 

Capping Material: • None 
a Lab-Stone 
• Sulfur 

Comments: Tested on Instron  
4206 with 20.000 lb load cell 

SPECIMEN PREPARATION 

Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
B Yes 
• No 

G.:. 2.79 a Assumed 
a Measured 

FAILURE SKETCH 

The test data and all associated project information presented hereon shall be held In confidence and disdossd to other parties only with the authorization of ttie Client 
or Ardaman & Associates. Inc Physk:al and electronic records of each project are kept fOr a minimum (>f 7 years. Test samples are kept In storage for at least 1Q working 
days after mailing of the test report, prior to t>eing discarded, unless a longer storage period is requested In wnting and accepted by Aidaman & Assodates, Ina 

Where: H = Spedmen height 0 = Spedmen diameter w, = Moisture content (ASTM 0 2216); y,, ° Dry density; S = Saturation; £ - Vertical displacement rate; and 
Q, = Specific gravity. 

Checked Date: a^\2,(>l0i\ C:\Oocurnsnts and 8etQngs)jaawildinan\Oocum8nts\Pn4ecU\09\09-022\UC tests wpd 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT:  Yount quist Brothers. Inc.  
PROJECT:  Key Largo WTD Injection Well System  
FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED.  05/26/09  

INCOMING SAMPLE NO.:  Core 3  
BORING  - SAMPLE  C  
DEPTH  1990.4-1991.3 aft; om 
LABORATORY IDENTIFICATION NO.:  09022/3C  
SAMPLE DESCRIPTION:  Light brown limestone  
(massive)  

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, ;Wit) 
(ibilflz) 

Young's 
Modulus, E 

(1b/in2) H 
(cm) 

D 
(cm) HID W. 

(%) 
yd 

(lb/ft3) 
S 

(%) 
e 

(cm/minute) 
t 

(%/minute) 

10.79 5.04 2.1 8.7 131.2 74 0.013 0.12 5.4 2895 6.0x105 at 50% cra(ult) 

3.0 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature (°C): 18.9 

Capping Material: 0 None 
a Lab-Stone 
0 Sulfur 

Comments: Tested on Instron 

2.5 

r-,  
fa 

/1  
2 0 - .  

e 
of 
„,u) 1.5 

4206 with 20,000 lb load cell 

it 
(71 

 

To 
SPECIMEN PREPARATION 

Original Core Diameter (inch): 4 .t
*-- 1.0 

Specimen Sub-Cored for Testing: 
a Yes 
0 No 0.5 

---7/  

Gs: 2.70 o Assumed 
a Measured 

FAILURE SKETCH 
0.0 

0.0 0 2 0 

Axial 

4 0 6 0.8 1 0 

Strain, (%) -  

L J 

The test data and all associated project information presented hereon shall be held In confidence and disclosed to other parties only with the authorization of the Client 
or Ardaman & Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 working 
days after mailing of the test report, prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height D = Specimen diameter, w, = Moisture content (ASTM D 2216); ye = Dry density; S = Saturation; C = Vertical displacement rate; and 
G. = Specific gravity. 

Checked By: Date  DOPIO1 CADoeurnards and SettingsVarmiidrnamoocurnenttoProsctiammnuc tests wpd 

ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 
PROJECT: Key Largo WTD Iniection Weil System 
FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED- 05/26/09 

INCOMING SAMPLE NO.: Core 3 
BORING^ SAMPLER 
DEPTH 1990.4-1991.3 
LABORATORY IDENTIFICATION NO.: 09022/3C 
SAMPLE DESCRIPTION: Light brown limestone 
(massive) 

, H ft; • m 

Specimen Dimensions Initial Conditions Rats of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o,(ult) 
(IWIn^ 

Young's 
Modulus, E 

(Ib/in^) H 
(cm) 

D 
(cm) H/D w, 

(%) 
Yd 

(Ibm") 
S 

(%) 
e 

(cm/minute) 
t 

(%/minute) 

Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o,(ult) 
(IWIn^ 

Young's 
Modulus, E 

(Ib/in^) 

10.79 5.04 2.1 8.7 131.2 74 0.013 0.12 5.4 2895 6.0x10^ at 50% (r,(ult) 

CO 
15 

2 

3,0 

2.5 

CO 
$ 15 

1.0 

0.5 

0.0 

0.0 

/ 

/ 

y 0.2 0.4 0.6 0.8 

Axial strain, (%) 
1.0 

TEST PROCEDURES 

B A S T M Standard D 7012, 
Method C 

Air Temperature (°C): 18.9 

Capping Material: • None 
8 Lab-Stone 
• Sulfur 

Comments: Tested on Instron  
4206 with 20.000 lb load cell 

SPECIMEN PREPARATION 

Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
B Yes 
• No 

G.: 2.70 D Assumed 
a Measured 

FAILURE SKETCH 

The test data and all assodated project inforniation presented hereon shall be held In confidence and disdosed to other parties only with the authorization of the Client 
or Ardaman & Assodates, Inc Physical and electnsnic records of each project are kept for a minimum of 7 years. Test samples are kept in storage for at least 10 woridng 
days after mailing of the test report prior to being discarded, unless a longer storage period is requested in writing and accepted by Ardaman & Assodates, Inc. 

Where; H = Speamen height D = Spedmen diameter, w, = Moisture content (ASTM D 2216); y,," Dry density; S = Saturation; i - Vertical displacement rate; and 
G, = Spedflc gravity. 

Checked By:. Date: C:\I3ocuiwnls and Salling>\|aav>lldinanV3oculTMnU\Pra)KU\oe\as.a22UJC IMS wpd 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT:  Youngguist Brothers, Inc. INCOMING SAMPLE NO.:  Core 4  
PROJECT:  Key Largo WTD Injection Well System BORING - SAMPLE  A  
FILE NO.:  09-022 DEPTH  2102.55-2103.5 a ft ❑ m 

DATE SAMPLE RECEIVED: 01/28/09 

 

LABORATORY IDENTIFICATION NO.:  09022/4A 
SAMPLE DESCRIPTION:  Light brown limestone  
(massive)  DATE TEST SET-UP:  02/05/09 

DATE REPORTED:  05/26/09 

 

    

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

Unconfined 
re Compssive 

Strength, cjut) 
(Ib/in2) 

Young's 
Modulus, E 

(lbfin2) H 
(cm) 

D 
(an) H/Dw. (%) 

'/d  
(1b/ft3) (%) (cm/minute) 

S(minutes)  
(%/minute) 

10.03 5.04 2.0 18.3 110.1 82 0.013 0.13 5.4 1441 2.6x105 at 50% ajult) 

- 

TEST PROCEDURES 

Is ASTM Standard D 7012, 
Method C 

Air Temperature (CC): 18.9 2.0 

' 

Capping Material: a None 
IN Lab-Stone 
o Sulfur 

Comments: Tested on Instron 1.5 
r•-• 
u) 

be  
ui 

4206 with 20,000 lb load cell 

SPECIMEN PREPARATION It ll 1.0 
It 65  

cti •>(-- 
-4( 

0.5 

Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
61 Yes 
a No 

G.: 2.72 o Assumed 
e Measured 

FAILURE SKETCH 

..1 

0.0 

0.0 0.2 0.4 0.6 

Axial Strain, 

0.8 1 0 

(%) 

The test data and all associated project information presented hereon shall be held In confidence and disclosed to other parties only with the authorization of the Client 
or Ardaman & Associates, Inc. Physical and electronic records of each project are kept for a minimum of 7 years. Teat samples are kept in storage for at least 10 working 
days after mailing of the test report, prior to being discarded, unless a longer storage period is requested In writing and accepted by Ardaman & Associates, Inc. 

Where: H = Specimen height D = Specimen diameter: w, w Moisture content (ASTM D 2218): y. = Dry density; S = Saturation; E = Vertical displacement rate; and 
G. = Specific gravity. 

Checked By: 
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ARDAMAN & ASSOCIATES, INC, GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT: Youngguist Brothers, Inc. 
PROJECT: Key Largo WTD Iniection Well System 
FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09  
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09 

INCOMING SAMPLE NO.: Core 4 
BORING.: SAMPLE A_ 
DEPTH 2102.55-2103.5 
LABORATORY IDENTIFICATION NO.: 09022/4A 
SAMPLE DESCRIPTION: Light brown limestone 
(massive) 

.aft; am 

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

strength, o,(ult) 
(lb/in*) 

Young's 
Modulus, E 

(Ib/in^ H 
(cm) 

0 
(cm) H/D Wc 

(%) (ib/fe) 
s 

(%) 
t 

(cm/minute) 
t 

(%/minute) 

Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

strength, o,(ult) 
(lb/in*) 

Young's 
Modulus, E 

(Ib/in^ 

10.03 5.04 2.0 16.3 110.1 82 0.013 0.13 5.4 1441 2.6x10* at 50% a.(ult) 

(O 

to 

CO 
15 

0.4 0.6 

Axial Strain, (%) 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature CO: 18.9 

Capping Material: • None 
B Lab-Stone 
• Sulfur 

Comments: Tested on Instron  
4206 With 20.000 lb load cell 

SPECIMEN PREPARATION 

Original Core Diameter (inch): 4 

Speamen Sub-Cored for Testing: 
a Yes 
• No 

G.:. 2.72 • Assumed 
a Measured 

FAILURE SKETCH 

The test data and all assodated project information presented hereon shall be held In confidence and disdosed to other parties only with the auttKulzafion of the Client 
or Ardaman & Assodates, Inc. Physical and electronic records of each pn>ject are kept for a minimum of 7 years. Test samples are kept In storage for at least 10 woridng 
days after mailing of the test report, prior to being discarded, unless a longer storage pertod is requested in writing and accepted by Ardaman & Assodates, Inc. 

Where: H = Spedmen height D = Spedmen diameter w, • Moisture content (ASTM 0 2216); ŷ  = Dry density; S = Saturation; t = Vertical displacement rate; and 
G, = Speofic gravity. 

Checked By:, Date: C'lOocumems and Sal^ga'^an wjIdrnanlDocurT)ents\PrpjflcUU9U}MC2UiC tASt8.wpd 



ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT:  Younqquist Brothers. Inc.  
PROJECT:  Key Largo WTD Injection Well System  
FILE NO.:  09-022  

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09  

INCOMING SAMPLE NO.:  Core 5  
BORING  - SAMPLE B  
DEPTH  2187.55-2188.2 aft; o m 
LABORATORY IDENTIFICATION NO.:  09022/5B  
SAMPLE DESCRIPTION:  Light brown limestone  
(massive)  

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, cr„(uft) 
(lbfin2) 

Young's 
Modulus, E 

(1b/in2) H 
(cm) 

D 
(cm) H/D mid  

(%) 
Yd 

(ibtft3) 
S 

(%) 
t 

(cm/minute) 
a 

(%/minute) 

10.16 5.05 2.0 12.2 115.9 74 0.013 0.12 5.9 1964 3.6x105 at 50% 71(ult) 

2.0 

TEST PROCEDURES 

a ASTM Standard D 7012, 
Method C 

Air Temperature (°C): 20.2 

Capping Material: 0 None 
a Lab-Stone 
0 Sulfur 

Comments: Tested on Instron 
1.5 

r--,  
u) 

Ida  
ui 

4206 with 20.000 lb load cell 

SPECIMEN PREPARATION 
La 1.0 

Cl) 
76 Original Core Diameter (inch): 4 

Specimen Sub-Cored for Testing: 
e Yes 
0 No 

0.5 

0.0 

G,,: 2.68 0 Assumed 
a Measured, 

FAILURE SKETCH 

0.0 0.2 04 06 08 

Axial Strain, (%) 

10 

J 

/ 

The test data and all associated project information presented hereon shall be held In confidence and disclosed to other parties only with the authorization of the Client 
or Ardaman & Associates, Inc. Physical and electronic records of each project are kept fora minimum of 7 years. Test samples are kept In storage for at least 10 working 
days after mailing of the test report peer to being discarded, unless a longer storage period is requested In writing and accepted by Ardarnan & Associates, Inc. 

Where: H = Specimen height D . Specimen diameter, w„ = Moisture content (ASTM 0 2218); yd = Dry density, S = Saturation: 6 = Vertical displacement rate; and 
0, = Specific gravity. 

Checked By:  
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ARDAMAN & ASSOCIATES, INC. GEOTECHNICAL TESTING LABORATORY 
INTACT ROCK CORE UNCONFINED COMPRESSION TEST REPORT 

CLIENT: Youngguist Brothers. Inc. 
PROJECT: Key Laroo WTD Iniection Well System 
FILE NO.: 09-022 

DATE SAMPLE RECEIVED: 01/28/09 
DATE TEST SET-UP: 02/05/09 
DATE REPORTED: 05/26/09 

INCOMING SAMPLE NO.: Core 5 
BORINGj; SAMPLE.B. 
DEPTH 2187.55-2188.2 
LABORATORY IDENTIFICATION NO.: 09022/5B 
SAMPLE DESCRIPTION: Light brown limestone 
(massive) 

Hfl; • m 

Specimen Dimensions Initial Conditions Rate of Loading Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o,(ult) 
(IWin*) 

Young's 
Modulus, E 

(lb/in') H 
(cm) 

D 
(cm) H/D w, 

(%) 
Yd 

(Ib/fe) 
S 

(%) 
e 

(cm/minute) 
e 

(%/minute) 

Time to 
Failure 

(minutes) 

Unconfined 
Compressive 

Strength, o,(ult) 
(IWin*) 

Young's 
Modulus, E 

(lb/in') 

10.16 5.05 2.0 12.2 115.9 74 0.013 0.12 5.9 1964 3.6x10'at50%o-,(ult) 

CO 

(O 
(0 
£ 

S 

2.0 

1.5 

1.0 

0.5 -

0.0 
0.0 0.2 0.4 0.6 

Axial strain, (%) 
0.8 1.0 

TEST PROCEDURES 

a ASTM Standard 0 7012, 
Method C 

Air Temperature f°C): 20.2 

Capping Material: n None 
a Lab-Stone 
• Sulfur 

Comments: Tested on Instron  
4206 with 20,000 lb load cell 

SPECIMEN PREPARATION 

Original Core Diameter finch): 4 

Specimen Sub-Cored for Testing: 
a Yes 
• No 

G.:. 2.68 • Assumed 
a Measured 

FAILURE SKETCH 

The test data and all assodated project information presented hereon shall be held In confidence and disdosed to other parties only with the authorization of the Client 
or Anlaman & Assodates, Inc Physical and electronic records of each project arekeptfOraminimumof? years. Test samples are kept In storage fOr at least 10 woridng 
days after mailing of the test report pnor to being dlscanted, unless a k>nger storage period is rettuested In writing and accepted by Ardaman & Assodates, Inc 

Where: H " Spedmen height 0 = Spedmen diameter; w. = Moisture content (ASTM 0 2216): y„ = Dry density, S = Saturation; t = Vertical displacement rate; and 
G, = Speciffe gravity. 

Checked Date: C:VOoaimdnts and Setlifigs\lan.wtdfnan\OocunieiHs\Praiect8\09\D9-Q2ZVLIC ta8la.wpd 



Ardaman & Associates, Inc. 

Geotechnical, Environmental and 
Materials Consultants 

ilk:r1-VED 
otu6  2,4 lata 

August 20, 2009 
File Number 09-022 

Youngquist Brothers, Inc. 
15465 Pine Ridge Road 
Ft. Myers, FL 33908 

Attention: Chris Bannon 

Subject: Rock Core Testing, Key Largo WTD Injection Well System 

Gentlemen: 

As requested, Archie's formation factor and cementation exponent have been measured on seven 
limestone rock cores provided for testing by your firm. The tests were subcontracted to New 
England Research, Inc. The designations of the seven samples are listed below. The results of 
permeability tests performed on the samples were previously submitted on May 26, 2009. 

Core Depth (feet) 

1 1729.7-1730.2 

1 1733.3-1734.55 

2 1882.4-1863.0 

3 1982.85-1983.8 

4 2102.55-2103.5 

4 2110.9-2111.65 

5 2182.35-2182.95 

The report from New England Research, Inc. is attached. 

The specimens were reported to be from the samples designated herein. The test results are 
indicative of only the specimens that were actually tested. The test results presented are based 
upon accepted industry practice as well as test method(s) listed. Ardaman & Associates, Inc. 
neither accepts responsibility for, nor makes claims to the final use and purpose of the material. 

If you have any questions about the test results or require additional information, please contact 
us. 

Very trul yours, 
ARD N & ASSOCIATES, INC. 

om s . Ingra, P.E. 
Laboratory Director 
Florida License No. 31987 

C:tDocuments and Settings1jan.wiklmanIDocuments1ProJects109109-0221repor102-ner.wpd 

8008 S. Orange Avenue 32809, Post Office Box 593003, Orlando, Florida 32859-3003 Phone (407) 855-3860 FAX (407) 859.8121 

Louisiana: Alexandria. Baton Rouge. Monroe, New Orleans. Shreveport 
Florida: Bartow, Cocoa, Fort Myers. Miami, Orlando. Port Charlotte, Port St. Lucie. Sarasota, Tallahassee, Tampa. West Palm Beach 

j J Ardaman & Associates, Inc. ji,U6 24 21Slfl 
Geotechnical, Environmental and 
Materials Consultants 

August 20, 2009 
File Number 09-022 

Youngquist Brothers, Inc. 
15465 Pine Ridge Road 
Ft. Myers, FL 33908 

Attention: Chris Bannon 

Subject: Rock Core Testing, Key Largo WTD Injection Well System 

Gentlemen: 

As requested, Archie's formation factor and cementation exponent have been measured on seven 
limestone rock cores provided for testing by your firm. The tests were subcontracted to New 
England Research, Inc. The designations of the seven samples are listed below. The results of 
permeability tests performed on the samples were previously submitted on May 26, 2009. 

Core Depth (feet) 

1 1729.7-1730.2 

1 1733.3-1734.55 

2 1862.4-1863.0 

3 1982.85-1983.8 

4 2102.55-2103.5 

4 2110.9-2111,65 

5 2182.35-2182.95 

The report from New England Research, Inc. is attached. 

The specimens were reported to be from the samples designated herein. The test results are 
indicative of only the specimens that were actually tested. The test results presented are based 
upon accepted industry practice as well as test method(s) listed. Ardaman & Associates, Inc. 
neither accepts responsibility for, nor makes claims to the final use and purpose of the material. 

If you have any questions about the test results or require additional information, please contact 
us. 

Very trijly yours, 
ARDAItfiAN & ASSOCIATES, INC. 

>. Ingra, P.'E. 
Laboratory Director 
Florida License No. 31987 

C:\Oocuments and Settings\tan.wiMman\Oocuments\ProjectsU)9\09-022\repoit02-ner.wpd 

8003 8. Orange Avenue 32809, Post Oflice Box 593003, Orlando, Florida 32859-3003 Phone (407) 855-3860 FAX (407) 859-8121 
Louisiana: Alexandria, Baton Rouge. Monroe, Mew Orleans, Shreveport 

Florida: Bartow, Cocoa, Fort Myers, Miami, Orlando. Port Charlotis, Port SI. Lucie. Sarasota, Tallahassee, Tampa, West Palm Beach 
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Ardaman and Associates, Inc. August 3. 2009 

Summary 

Ardaman and Associates, Inc. delivered seven whole core samples of carbonate 

for measurement of resistivity. The samples were cored from the Key Largo site. The 

samples were cored in a depth range of 1729.7 ft to 2182.35 

Seven cylindrical samples were sub-cored from the whole core and were 

approximately 38 mm in diameter and 43 mm to 50 mm in length. The samples were 

medium to high porosity carbonates. There were significant textural differences in the 

samples. The grain densities ranged from 2.27 to 2.88 g/cc. Sample porosity as a volume 

fraction ranged from 0.13 to 0.39. 

All samples were saturated with brine containing 35 grams of sodium chloride per 

liter of water. Complex impedance of each sample was measured over a frequency range 

of 0.1 Hz to 100 kHz. 

Temperature corrections were applied to the brine conductivity. The frequency 

response of the samples' impedance was uniform over the frequency range of 0.1 to 

100,000 Hz. No cable corrections were applied. 

The cementation coefficients for these rocks are approximately 2, with the 

exception of Core 1.2 and Core 2 that are 3.43 and 1.22 respectively. The higher 

cementation coefficient of low porosity, high resistivity Core 2 may be a function of the 

dolomitization and vugginess of the sample of the sample. Core 2 is a zeolitic rock. 

Core 1.1 is a very heterogeneous rock and its cementation coefficient was 2.76. 

With the exception of core sample 1.2, the resistivity of these samples was low. 

Core 1.2 is somewhat anomalous and this probably due to dolimitization and associated 

vugs in the sample. 

Ardaman and Associates. Inc August 3.2009 

Summary 
Ardaman and Associates, Inc. delivered seven whole core samples of carbonate 

for measurement of resistivity. The samples were cored from the Key Largo site. The 
samples were cored in a depth range of 1729.7 f l to 2182.3S ft. 

Seven cylindrical samples were sub-cored from the whole core and were 
approximately 38 mm in diameter and 43 mm to SO mm in length. The samples were 
medium to high porosity carbonates. There were significant textural differences in the 
samples. The grain densities ranged from 2.27 to 2.88 g/cc. Sample porosity as a volume 
fraction ranged from 0.13 to 0.39. 

All samples were saturated with brine containing 35 grams of sodium chloride per 
liter of water. Complex impedance of each sample was measured over a frequency range 
of 0.1 Hz to 100 kHz. 

Temperature corrections were applied to the brine conductivity. The frequency 
response of the samples* impedance was uniform over the frequency range of 0.1 to 
100,000 Hz. No cable corrections were applied. 

The cementation coefficients for these rocks are approximately 2, with the 
exception of Core 1.2 and Core 2 that are 3.43 and 1.22 respectively. The higher 
cementation coefficient of low porosity, high resistivity Core 2 may be a function of the 
dolomitization and vugginess of the sample of the sample. Core 2 is a zeolitic rock. 
Core 1.1 is a very heterogeneous rock and its cementation coefficient was 2.76. 

With the exception of core sample 1.2, the resistivity of these samples was low. 
Core 1.2 is somewhat anomalous and this probably due to dolimitization and associated 
vugs in the sample. 
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Resistivity of Key Largo Carbonates 

Introduction 
Ardaman and Associates, Inc. delivered seven whole core samples of carbonate 

for measurement of resistivity. The samples were cored from the Key Largo site. The 

samples were cored in a depth range of 1729.7 ft to 2182.35 ft. 

Procedures and Techniques 
Sample Description 

The seven samples varied considerably in their appearance and physical 

properties. Cores 1.1, 1.2 and 2 constituted the lower porosity samples from layers above 

1900 feet. Samples 1.1 and 1.2 appear to contain some dolomite. Sample 1.1 was very 

heterogeneous with prominent bedding in half the sample. Sample 1.2 contains fossils 

and small vugs and is likely dolomitic. Sample 2 is interesting in that it appears to be 

from a zeolitic layer. Sample 2 has a very low grain density of 2.26 g/cc, consistent with 

the density of zeolitic rocks. Sample 3 is a homogeneous limestone. Core 4.1 and 4.2 are 

homogeneous limestones. Sample 5 is heterogeneous and probably contains dolomite. 

Sample Preparation 
Seven cylindrical samples were sub-cored from the whole core supplied by 

Ardaman. The diameter of the sub-cored plugs was 38 mm. The length of the plug 

samples varied from 43.2mm to 50.4 mm. The ends of the plugs were ground smooth 

and parallel to within 0.001 inches. 

The sample plugs were dried in an oven at 80 degrees centigrade for 24 hours. 

Sample dimensions and mass were measured and the dry bulk density was computed. 

The samples were vacuum saturated for 24 hours in brine containing 35 grams of NaCI 

per liter of distilled water. The grain density of the samples was determined using an 

Archimedes technique. The porosity was determined from the dry bulk density and 

average grain density using the formula el -(Pdry-bulk/Pgrain). 

i 
New England Research, Inc. 
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Resistivity of Key Largo Carbonates 

Introduction 
Ardaman and Associates, Inc. delivered seven whole core samples of carbonate 

for measurement of resistivity. The samples were cored from the Key Largo site. The 
samples were cored in a depth range of 1729.7 ft to 2182,35 ft. 

Procedures and Techniques 
Sample Description 

The seven samples varied considerably in their appearance and physical 
properties. Cores 1.1,1.2 and 2 constituted the lower porosity samples from layers above 
1900 feet. Samples 1.1 and 1.2 appear to contain some dolomite. Sample 1.1 was very 
heterogeneous v^th prominent bedding in half the sample. Sample 1.2 contains fossils 
and small vugs and is likely dolomitic. Sample 2 is interesting in that it appears to be 
from a zeolitic layer. Sample 2 has a very low gram density of 2.26 g/cc, consistent with 
the density of zeolitic rocks. Sample 3 is a homogeneous limestone. Core 4.1 and 4.2 are 
homogeneous limestones. Sample 5 is heterogeneous and probably contains dolomite. 
Sample Preparation 

Seven cylindrical samples were sub-cored from the whole core supplied by 
Ardaman. The diameter of the sub-cored plugs was 38 mm. The length of the plug 
samples varied from 43.2mm to 50.4 mm. The ends of the plugs were ground smooth 
and parallel to within 0.001 inches. 

The sample plugs were dried in an oven at 80 degrees centigrade for 24 hours. 
Sample dimensions and mass were measured and the dry bulk density was computed. 
The samples were vacuum saturated for 24 hours in brine containing 35 grams of NaCI 
per liter of distilled water. The grain density of the samples was determined using an 
Archimedes technique. The porosity was determined from the dry bulk density and 
average grain density using the formula (t>=I-(Pdry-buiic/pgrain)-

New England Research, Inc. 
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Ardaman and Associates, Inc. August 3, 2009 

Petrophysical Data 
The average grain density of the samples spanned a large range from 2.27 to 2.88 

g,/cc. Sample porosity ranged from 13.1 to 38.7 per cent. All sample mass and volumetric 

data is reported in Table 1. 

Resistivity Tests 
Four electrode complex electrical impedance measurements were performed on 

the samples in the AutoLab 1000 system. The saturated sample was jacketed in a viton 

sleeve and mounted in the four-electrode core holder. Figure 1 diagrams the coreholder 

used in the four-electrode measurement. The core holder is inserted in the pressure 

vessel of the AutoLab 1000. 

Thermocouple 

Figure 1. Four-electrode resistivity coreholder 

A function generator is used to apply a sinusoidal current across the sample and a 

reference resistor. The current varied in frequency from 0.1 Hz to 100,000 Hz. The 

amplitude and phase of the voltage drop across the sample is compared to the amplitude 
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Petrophysicai Data 
The average grain density of the samples spanned a large range from 2.27 to 2.88 

g/cc. Sample porosity ranged from 13.1 to 38.7 per cent. All sample mass and volumetric 
data is reported in Table 1. 

Resistivity Tests 
Four electrode complex electrical impedance measurements were performed on 

the samples in the AutoLab 1000 system. The saturated sample was jacketed in a viton 
sleeve and mounted in the four-electrode core holder. Figure 1 diagrams the coreholder 
used in the four-electrode measurement. The core holder is inserted in the pressure 
vessel of the AutoLab 1000. 
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A function generator is used to apply a sinusoidal current across the sample and a 
reference resistor. The current varied in frequency from 0.1 Hz to 100,000 Hz. The 
amplitude and phase of the voltage drop across the sample is compared to the amplitude 
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and phase of the voltage drop across the reference resistor, and the values are used to 

compute the complex impedance at a given frequency. 

The samples were confined at a pressure consistent with their depth, assuming an 

overburden gradient of approximately 1.0 psi/ft. The pore pressure for all rocks was 

determined from an assumed normal hydrostatic gradient of 0.46 psi/ft. 

Formation Factor and Cementation Coefficient 

A cementation factor can be calculated from Archie's empirical formation factor- 

porosity relationship (Archie, 1942), 

F = a*Cm. 

F is the formation factor, that is, the ratio of the conductivity of the saturating fluid to the 

conductivity of the rock-fluid system. a is the tortuosity parameter, 4) is the porosity and 

m is the cementation factor. If we assume that the a parameter is 1 (an assumption often 

made for carbonates) the cementation factor can be computed from the measured porosity 

and formation factor. Cementation factors are reported in Table 1. 

Discussion 

Resistivity Data 
Resistivity data, formation factors and cementation factors for each sample are 

compiled in the Table 1 in the Data Section II. 

The frequency response of complex resistivity data for these samples was flat 

over the frequency range. No cable correction was applied since the parasitic impedances 

were virtually non-existent over the frequency range of 0.1 to 100,000.0 Hz. A 

temperature correction was applied to the brine conductivity. 

The formation factor at a frequency of 20,000 Hz was used to calculate the 

cementation coefficient. The frequency of 20,000 Hz was chosen to be consistent with 

past practice; however, any frequency may be used. 
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and phase of the voltage drop across the reference resistor, and the values are used to 
compute the complex impedance at a given frequency. 

The samples were confined at a pressure consistent with their depth, assuming an 
overburden gradient of approximately 1.0 psi/ft. The pore pressure for all rocks was 
determined from an assumed normal hydrostatic gradient of 0.46 psi/ft. 

Formation Factor and Cementation CoefHcient 
A cementation factor can be calculated from Archie's empirical formation factor-

porosity relationship (Archie, 1942), 

F = a*(t>"'". 
F is the formation factor, that is, the ratio of the conductivity of the saturating fluid to the 
conductivity of the rock-fluid system, a is the tortuosity parameter, is the porosity and 
m is the cementation factor. If we assume that the a parameter is 1 (an assumption often 
made for carbonates) the cementation factor can be computed from the measured porosity 
and formation factor. Cementation factors are reported in Table 1. 

Discussion 

Resistivity Data 
Resistivity data, formation factors and cementation factors for each sample are 

compiled in the Table 1 in the Data Section II. 
The frequency response of complex resistivity data for these samples was flat 

over the frequency range. No cable correction was applied since the parasitic impedances 
were virtually non-existent over the frequency range of 0.1 to 100,000.0 Hz. A 
temperature correction was applied to the brine conductivity. 

The formation factor at a frequency of 20,000 Hz was used to calculate the 
cementation coefficient. The frequency of 20,000 Hz was chosen to be consistent with 
past practice; however, any frequency may be used. 
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The cementation coefficients for these high porosity rocks are close to 2.0 with 

the exception of Core 1.1, a highly heterogeneous sample, and Core 1.2 the vuggy 

dolomite that had coefficients of 2.761 and 3.43 respectively. Core 2, which is the 

zeolite, had a coefficient of 1.23. 

Conclusions 
Complex impedance was measured on seven samples of carbonate. The 

frequency response of the impedance was flat for the samples over the measured 

frequency range. No cable corrections were applied. 

The resistivity of these samples was low with the exception of Core 1.2 a low 

porosity vuggy dolomite. The higher cementation coefficient of Core 1.2 indicates some 

moldic porosity or vugs in the pore space. Core 2 is a low grain density zeolite. 
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The cementation coefficients for these high porosity rocks are close to 2.0 with 
the exception of Core 1.1, a highly heterogeneous sample, and Core 1.2 the vuggy 
dolomite that had coefficients of 2.761 and 3.43 respectively. Core 2, which is the 
zeolite, had a coefficient of 1.23. 

Conclusions 
Complex impedance was measured on seven samples of carbonate. The 

frequency response of the impedance was flat for the samples over the measured 
frequency range. No cable corrections were applied. 

The resistivity of these samples was low with the exception of Core 1.2 a low 
porosity vuggy dolomite. The higher cementation coefficient of Core 1.2 indicates some 
moldic porosity or vugs in the pore space. Core 2 is a low grain density zeolite. 
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Table 1 
Data Summary 

Key Largo 

PreTest PreTest Average 

Core Bulk PreTest Dry Bulk PreTest Sat. Bulk Archimedes Grain 

Depth Length Diameter Volume Dry Mass Density Sat. Mass Density Mass Density Porosity 

Feet (cm) (cm) (cm3) (g) (g/cm3) (g) (g/cm3) (g) (g/cm3) Vol. Fraction 

Core 1 1 1729.7-1730.7 4.321 3.808 49.21 106.62 2.167 117.140 2.380 67.0417 2.788 0.223 

Core 1 2 1733.3-1734.55 4.796 1814 54.79 137.00 2.500 143.280 2.615 87.7000 2.876 0.131 

Core 2 1862.4-1863.0 4.462 3.800 50.60 94.01 1.858 102.750 2.030 51.0714 2.266 0.180 

Core 3 1982.85-1983.8 4.855 3.800 55.06 91.83 1.668 113.020 2.053 56.9147 2.722 0387 

Core 4 1 2102.55-2103.5 4.703 3.804 53.45 94.37 1.766 112.700 2.109 58.3305 2.710 0.349 

Core 4 2 2110.9-2111.65 5.041 3.801 57.20 99.04 1.731 119.47 2.089 61.3301 2.718 0.363 

Core 5 2182.35-2182.95 4.418 3.811 50.40 105.79 2.099 118.35 2.348 67.0500 2.826 0.257 

Corrected Formation Formation Formation Cementation 

Core Brine Brine Resistivity Resistivity Resistivity Factor Factor Factor Factor 

Depth Concentration Conductivity at 100 Hz at 10000 Hz at 20 kHz at 100 Hz at 10000 Hz at 20 kHz at 20 kHz 

Feet (g/liter) (mS/cm) (ohm-m) (ohm-m) (ohm-m) 

Core 1 1 1729.7-1730.7 35.00 54.60 11.60 11.60 11.60 63.45 63.17 63.06 2.761 

Core 1 2 1733.3-1734.55 35.00 52.00 221.00 215.00 206.00 1147.00 1117.00 1074.00 3.430 

Core 2 1862.4-1863.0 35.00 53.20 1.55 1.54 1.54 8.23 8.20 8.19 1.227 

Core 3 1982.85-1983.8 35.00 5330 1.20 1.20 1.20 6.36 6.38 6.37 1.952 

Core 4 1 2102.55-2103.5 35.00 53.80 1.44 1.44 1.44 7.75 7.74 7.72 1.939 

Core 4 2 2110.9-2111.65 35.00 54.40 1.32 1.32 132 7.18 7.16 7.16 1.943 

Core 5 2182.35-2182.95 35.00 5.52 2.65 2.62 2.62 14.60 14.46 14.43 1.966 
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Table 1 
Data Summary 

Key Largo 

Core 
Depth 
Feet 

Length  
(cm) 

Diameter 
(cm) 

Bullc 
Volume 
(cm') 

PreTest  
Dry Mass  

(g) 

PreTest 
DiyBulic 
Density 
(g/cm*) 

PreTest 
Sat Mass 

(e) 

PreTest 
Sat BuUc 
Density 
(S/ctn) 

Archimedes 
Mass 

(e) 

Average 
Grain 

Density 
(g/cm') 

Porosity 
Vol. Fraction 

Core 1 1 1729.7-1730.7 4.321 3.808 49.21 106.62 2.167 117.140 2.380 67.0417 2.788 0.223 
Core 1 2 1733.3-1734.55 4.796 3.814 54.79 137.00 2.500 143.280 2.615 87.7000 2.876 0.131 

Core 2 1862.4-1863.0 4.462 3.800 50.60 94.01 1.858 102.750 2.030 51.0714 2.266 0.180 
Cores 1982.85-1983.8 4.855 3.800 55.06 91.83 1.668 113.020 2.053 56.9147 2.722 0.387 

Core 4 1 2102.55-2103.5 4.703 3.804 53.45 94.37 1.766 112.700 2.109 58.3305 2.710 0.349 
Core 4 2 2110.9-2111.65 5.041 3.801 57.20 99.04 1.731 119.47 2.089 61.3301 2.718 0.363 

Cores 2182.35-2182.95 4.418 3.811 50.40 105.79 2.099 118.35 2J48 67.0500 2.826 0.257 

Corrected Formation Formation Formation 
Core Brine Brine Resistivity Resistivity ResisUvity Factor Factor Factor 
I^pth Concentration Conductivity at 100 Hz at 10000 Hz at 20 IcHz at 100 Hz at 10000 Hz at 20 IcHz 
Feet (g/liter) (mS/cm) (ohm-m) (ohm-m) (ohm-m) 

Cementation 
Faaor 

at20lcHz 

Core 1 1 1729.7-1730.7 35.00 54.60 11.60 11.60 11.60 63.45 63.17 63.06 2.761 
Core 1 2 1733.3-1734.55 35.00 52.00 221.00 215.00 206.00 1147.00 1117.00 1074.00 3.430 
Core 2 1862.4-1863.0 35.00 53.20 1.55 1.54 1.54 8.23 8.20 S.I9 1.227 
Core 3 1982.85-1983.8 35.00 53.30 1J20 1.20 1.20 6.36 6.38 6.37 1.952 

Core 4 1 2102.55-2103.5 35.00 53.80 1.44 1.44 1.44 7.75 7.74 7.72 1.939 
Core 4 2 2110.9-2111.65 35.00 54.40 1.32 1.32 1J2 7.18 7.16 7.16 1.943 

Cores 2182.35-2182.95 35.00 5.52 2.65 2.62 2.62 14.60 14.46 14.43 1.966 



Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_CLI 

Well: 
Depth: 
Formation: 
Dry bulk density: 
Sat. bulk density: 
Diameter: 

Key Largo 
527.2 m 
Key Largo 
2.167 
2.380 
38.08 mm 

Organization: 

Rock type: 
Porosity: 
Pore fluids: 
Entered Length: 

Ardaman 

Carbonate 
22.3% 
NaCI Brine 
43.21 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at Wed Jun 3 16:16:41 EDT 2009 
1244059847 
Wed Jun 03 16:17:48 2009 
Tue Aug 11 13:30:32 2009 

Pressure Information for File Key_Largo_C1.1 

Event System Conf Pore Diff Temp 
MPa MPa kN °C 

0 zmeter4 11.9 5.3 - 25.6 

Resistivity for File Key_LargoC1.1 

Requested Actual Impedance 
Event Frequency Frequency R X C Ccorrected F 

Hz Hz iln Om pS/cm pS/cm 

0 1.00 0.720 11.8 0.00354 5.39e+04 5.46e+04 64.37 
0 10.0 10.0 11.7 -0.0525 5.39e+04 5.46e+04 63.72 
0 100. 72.0 11.6 -0.0221 5.39e+04 5.46e+04 63.45 
0 1.00e+03 1.00e+03 11.6 -0.0475 5.39e+04 5.46e+04 63.23 
0 1.00e+04 7.20e+03 11.6 -0.123 5.39e+04 5.46e+04 63.17 
0 2.00e+04 1.39e+04 11.6 -0.219 5.39e+04 5.46e+04 63.06 
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Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo. Cl . l 
Well: Key Largo Organization: Ardaman 
Depth: 527.2 m 
Formation: Key Largo Rock type: Carbonate 
Dry bulk density: 2.167 Porosity: 22.3% 
Sat. bulk density: 2.380 Pore fluids: NaCl Brine 
Diameter: 38.08 mm Entered Length: 43.21 mm 

Comments: User: ner on elk at Wed Jun 3 16:16:41 EDT 2009 
Expt name: 1244059847 
Expt date: Wed Jun 03 16:17:48 2009 
Print date: TueAugll 13:30:32 2009 
A2D File: 

Pressure Information for File Key_Largo_Ci.l 
Event System Conf Pore Diff Temp 

MPa MPa kN *C 
0 zmeter4 11.9 5.3 — 25.6 

Resistivity for File Key_Largo_Cl.l 
Requested Actual Impedance 

Event Frequency Frequency R X C ^corrected F 
Hz Hz Sim Qm fiS/cm /iS/cm 

0 1.00 0.720 11.8 0.00354 5.39e+04 5.46e+04 64.37 
0 10.0 10.0 11.7 -0.0525 5.39e+04 5.46e+04 63.72 
0 100. 72.0 11.6 -0.0221 5.39e+04 5.46e+04 63.45 
0 l.OOe+03 I.OOe+03 11.6 -0.0475 5.39e+04 5.46e+04 63.23 
0 l.OOe+04 7.20e+03 11.6 -0.123 5.39e+04 5.46e+04 63.17 
0 2.00e+04 1.39e+04 11.6 -0.219 5.39e+04 5.46e+04 63.06 
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Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C1.2 
Well: 
Depth: 
Formation: 
Dry bulk density: 
Sat. bulk density: 
Diameter: 

Key Largo 
527.2 m 
Key Largo 
2.5 
2.615 
38.14 mm 

Organization: 

Rock type: 
Porosity: 
Pore fluids: 
Entered Length: 

Ardaman 

Carbonate 
13.1% 
NaC1Brine 
47.96 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at Wed Jun 3 15:03:41 EDT 2009 
1244055821 
Wed Jun 03 15:16:43 2009 
Tue Aug 11 13:34:32 2009 

Pressure Information for File Key_LargoC1.2 
Event System Conf Pore Diff Temp 

MPa MPa IN °C 
1 zmeter4 11.9 5.3 - 23.4 

Resistivity for File Key_Largo_C1.2 

Requested Actual Impedance 
Event Frequency Frequency R X C C corrected F 

Hz Hz flm Om pS/cm µS/cm 
1 1.00 0.720 221. -0.863 5.39e+04 5.20e+04 1151. 
1 10.0 10.0 221. -0.597 5.39e+04 5.20e+04 1149. 
1 100. 72.0 221. -0.860 5.39e+04 5.20e+04 1147. 
1 1.00e+03 1.00e+03 219. -4.10 5.39e+04 5.20e+04 1140. 
1 1.00e+04 7.20e+03 215. -23.7 5.39e+04 5.20e+04 1117. 
1 2.000+04 1.39e+04 206. -42.4 5.39e+04 5.20e+04 1074. 
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Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C1.2 
Well: Key Largo Organization: Ardaman 
Depth: 527.2 m 
Formation: Key Laigo Rock type: Carbonate 
Dry bulk density: 2.5 Porosity: 13.1% 
Sat. bulk density: 2.615 Pore fluids: NaCl Brine 
Diameter: 38.14 mm Entered Length: 47.96 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at Wed Jun 3 15:03:41 EDT 2009 
1244055821 
Wed Jun 03 15:16:43 2009 
TueAugll 13:34:32 2009 

Pressure Information for File Key_Largo_C1.2 
Event System Conf Pore Diff Temp 

MPa MPa kN -c 
1 zmeter4 11.9 5.3 — 23.4 

Resistivity for File Key_Largo_C1.2 
Requested Actual Impedance 

Event Frequency Frequency R X C ^corrected F 
Hz Hz Om Cim uS/cm luS/cm 

1 1.00 0.720 221. -0.863 5.39e+04 5.20e+04 1151. 
1 10.0 lO.O 221. -0.597 5.39e+04 5.20e+04 1149. 
1 100. 72.0 221. -0.860 5.39e+04 5.20e+04 1147. 
1 l.OOe+03 l.OOe+03 219. -4.10 5.39e+04 5.20e404 1140. 
1 l.OOe+04 7.20e+03 215. -23.7 5.39e+04 5.20e+04 1117. 
1 2.00e+04 1.39e+04 206. -42.4 5.39e+04 5.20e+04 1074. 
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Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C2 
Well: Key Largo Organization: Ardaman 
Depth: 567.7 m 
Formation: ' Key Largo Rock type: Zeolite 
Dry bulk density: 1.858 Porosity: 18.0% 
Sat. bulk density: 2.030 Pore fluids: NaC1 brine 
Diameter: 38.00 mm Entered Length: 44.62 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at Fri Apr 17 15:05:39 EDT 2009 
1244124668 
Thu Jun 04 10:16:27 2009 
Tue Aug 11 13:38:22 2009 

Pressure Information for File Key_Largo_C2 
Event System Conf Pore Diff Temp 

MPa MPa kN °C 
0 zmeter4 12.9 5.8 - 24.3 

Resistivity for File Key_Largo_C2 

Requested Actual Impedance 
Event Frequency Frequency R X C Ccorrected F 

Hz Hz flm Ilm pS/cm pS/cm 

0 1.00 0.720 1.53 0.00383 5.40e+04 5.32e+04 8.145 
0 10.0 10.0 1.55 0.000930 5.40e+04 5.32e+04 8.246 
0 100. 72.0 1.55 -0.00170 5.40e+04 5.32e+04 8.230 
0 1.00e+03 1.000+03 1.54 -0.00247 5.40e+04 5.32e+04 8.214 
0 1.00e+04 7.20e+03 1.54 -0.00632 5.40e+04 5.32e+04 8.198 
0 2.00e+04 1.39e+04 1.54 -0.00939 5.40e+04 5.32e+04 8.193 

New England Research, Inc. -10- AutoLab Version 5 

Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C2 
Well: Key Largo Organization: Ardaman 
Depth: 567.7 m 
Formation: Key Largo Rock type: Zeolite 
Dry bulk density: 1.858 Porosity: 18.0% 
Sat. bulk density: 2.030 Pore fluids: NaCl brine 
Diameter: 38.00 mm Entered Length: 44.62 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at Fri Apr 17 15:05:39 EDT 2009 
1244124668 
ThuJun04 10:16:27 2009 
TueAugll 13:38:22 2009 

Pressure Information for File Key_Largo_C2 
Event System Conf Pore Diff Temp 

MPa MPa kN "C 
0 zmeter4 12.9 5.8 — 24.3 

Resistivity for File Key_Largo_C2 
Requested Actual Impedance 

Event Frequency Frequency R X C ^corrected F 
Hz Hz £2m Clm //S/cm //S/cm 

0 1.00 0.720 1.53 0.00383 5.40e+04 5.32e+04 8.145 
0 10.0 10.0 1.55 0.000930 5.40e+04 5.32e+04 8.246 
0 100. 72.0 1.55 -0.00170 5.40e+04 5.32e+04 8.230 
0 l.OOe+03 l.OOe+03 1.54 -0.00247 5.40e+04 5.32e+04 8.214 
0 l.OOe+04 7.20e+03 1.54 -0.00632 5.40e+04 5.32e+04 8.198 
0 2.00e+04 1.39e+04 1.54 -0.00939 5.40e+04 5.32e+04 8.193 
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Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C3 
Well: 
Depth: 
Formation: 
Dry bulk density: 
Sat. bulk density: 
Diameter: 

Key Largo 
604.4 m 
Key Largo 
1.668 
2.053 
38.00 mm 

Organization: 

Rock type: 
Porosity: 
Pore fluids: 
Entered Length: 

Ardaman 

Carbonate 
38.7% 
NaC1 brine 
48.55 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User ner on elk at 10:56 EDT Thur June 4 2009 
1244127549 
Thu Jun 04 11:00:33 2009 
Wed Jun 10 15:54:54 2009 

Pressure Information for File Key_Largo_C3 
Event System Conf Pore Diff Temp 

MPa MPa kN ''C 
0 zmeter4 13.7 6.2 - 24.4 

Resistivity for File Key_Largo_C3 
Requested Actual Impedance 

Event Frequency Frequency R X C C corrected F 

Hz Hz am flin pS/cm pS/cm 
0 1.00 0.720 1.20 0.00848 5.400+04 5.33e+04 6.369 
0 10.0 10.0 1.20 -0.00229 5.40e+04 5.330+04 6.417 
0 100. 72.0 1.20 -0.00216 5.40e+04 5.330+04 6.391 
0 1.00e+03 1.000+03 1.20 -0.00144 5.40e+04 5.330+04 6.380 
0 1.000+04 7.20e+03 1.20 -0.00359 5.400+04 5.330+04 6.375 
0 2.00e+04 1.39e+04 1.20 -0.00574 5.40e+04 5.330+04 6.369 
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Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C3 
Well: Key Largo Organization: Ardaman 
Depth: 604.4 m 
Formation: Key Largo Rock type: Carbonate 
Dry bulk density: 1.668 Porosity: 38.7% 
Sat. bulk density: 2.053 Pore fluids: NaCl brine 
Diameter: 38.00 mm Entered Length: 48.55 mm 

Comments: User ner on elk at 10:56 EDT Thur June 4 2009 
Expt name: 1244127549 
Expt date: ThuJun04 11:00:33 2009 
Print date: Wed Jun 10 15:54:54 2009 
A2D File: 

Pressure Information for File Key_Largo_C3 
Event System Conf Pore Diff Temp 

MPa MPa kN "C 
0 zmeter4 13.7 6.2 — 24.4 

Resistivity for File Key_Largo_C3 
Requested Actual 

Event Frequency Frequency 
Impedance 

R X ^corrected 

Hz Hz £2m fiSlcm juS/cm 
0 
0 
0 
0 
0 
0 

1.00 
10.0 
100. 
l.OOe+03 
l.OOe+04 
2.00e+04 

0.720 
10.0 
72.0 
l.OOe+03 
7.20e+03 
1.39e+04 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 

0.00848 
-0.00229 
-0.00216 
-0.00144 
-0.00359 
-0.00574 

5.40e+04 
5.40e+04 
5.40e+04 
5.40e+04 
5.40e+04 
5.40e+04 

5.33e+04 
5.33e+04 
5.33e+04 
5.33e+04 
5.33e+04 
5.33e+04 

6.369 
6.417 
6.391 
6.380 
6.375 
6.369 
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Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C4.1 
Well: 
Depth: 
Formation: 
Dry bulk density: 
Sat. bulk density: 
Diameter. 

Key Largo 
640.9 m 
Key Largo 
1.766 
2.109 
38.04 mm 

Organization: 

Rock type: 
Porosity: 
Pore fluids: 
Entered Length: 

Ardaman 

Carbonate 
34.9% 
NaCI brine 
47.03 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at 11.41 EDT Thur June 4 2009 
1244130018 
Thu Jun 0411:43:22 2009 
Fri Aug 07 08:32:46 2009 

_ Pressure Information for File ICey_Largo_C4.1 
Event System Conf Pore Diff Temp 

MPa MPa IN °C 
0 zmeter4 14.5 6.6 - 24.8 

Resistivity for File Key_Largo_C4.1 
Requested Actual Impedance 

Event Frequency Frequency R. X C Ccorrected F 
Hz Hz flm am µS/cm pS/cm 

0 1.00 0.720 1.40 0.0130 5.40e+04 5.38e+04 7.527 
0 10.0 10.0 1.44 0.00678 5.40e+04 5.38e+04 7.758 
0 100. 72.0 1.44 -0.000432 5.40e+04 5.38e+04 7.753 
0 1.00e+03 1.00e+03 1.44 -0.00158 5.40e+04 5.38e+04 7.742 
0 1.00e+04 7.20e+03 1.44 -0.00345 5.40e+04 5.38e+04 7.736 
0 2.00e+04 1.39e+04 1.44 -0.00775 5.40e+04 5.38e+04 7.720 

New England Research, Inc. -12- AutoLab Version 5 

Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C4.1 
Well: Key Largo Organization: Ardaman 
Depth: 640.9 m 
Formation: Key Largo Rock type: Carbonate 
Dry bulk density: 1.766 Porosity: 34.9% 
Sat. bulk density: 2.109 Pore fluids: NaCl brine 
Diameter. 38.04 mm Entered Length: 47.03 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at 11.41 EDT Thur June 4 2009 
1244130018 
Thu Jun 04 11.43:22 2009 
Fri Aug 07 08:32:46 2009 

Pressure Information for File Key_Largo_C4.1 
Event System Conf Pore Diff Temp 

MPa MPa kN "C 
0 zmeter4 14,5 6.6 — 24.8 

Resistivity for File Key_Largo_C4.1 
Requested Actual Impedance 

Event Frequency Frequency R X C ^corrected F 
Hz Hz Qm £2m /iS/cm juS/cm 

0 1.00 0.720 1.40 0.0130 5.40e+04 5.38e+04 7.527 
0 10.0 10.0 1.44 0.00678 5.40e+04 5.38e+04 7.758 
0 100. 72.0 1.44 -0.000432 5.40e+04 5.38e+04 7.753 
0 l.OOe+03 l.OOe+03 1.44 -0.00158 5.40e+04 5.38e+04 7.742 
0 l.OOe+04 7.20e+03 1.44 -0.00345 5.40e+04 5.38e+04 7.736 
0 2.00e+04 1.39e+04 1.44 -0.00775 5.40e+04 5.38e+04 7.720 

New England Research, Inc. •12- AutoLab Version 5 



Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C4.2 

Well: 
Depth: 
Formation: 
Dry bulk density: 
Sat. bulk density: 
Diameter: 

Key Largo 
640.9 m 
Key Largo 
1.731 
2.089 
38.01 mm 

Organization: 

Rock type: 
Porosity: 
Pore fluids: 
Entered Length: 

Ardaman 

Carbonate 
36.3% 
NaCI brine 
50.41 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at 11.41 EDT Thur June 4 2009 
1244138593 
Thu Jun 04 14:06:21 2009 
Fri Aug 07 09:22:03 2009 

Pressure Information for File Key_Largo_C4.2 

Event System Conf Pore Diff Temp 

MPa MPa IN °C 

0 zmeter4 14.5 6.6 - 25.4 

Resistivity for File Key_Largo_C4.2 

Requested Actual Impedance 
Event Frequency Frequency R X C Ccorrected F 

Hz Hz f2m am pS/cm µS/cm 

0 1.00 0.720 1.32 0.0101 5.40e+04 5.44e+04 7.208 
0 10.0 10.0 1.33 -0.00372 5.40e+04 5.44e+04 7.224 
0 100. 72.0 1.32 -0.00251 5.40e+04 5.44e+04 7.181 
0 I .00e+03 1.00e+03 1.32 -0.00171 5.40e+04 5.44e+04 7.175 
0 1.00e+04 7.20e+03 1.32 -0.00421 5.40e+04 5.44e+04 7.164 
0 2.00e+04 1.39e+04 1.32 -0.00671 5.40e+04 5.44e+04 7.159 

New England Research, Inc. -13- AutoLab Version 5 

Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C4.2 
Well: Key Largo Organization: Ardaman 
Depth: 640.9 m 
Formation: Key Largo Rock type: Carbonate 
Dry bulk density: 1.731 Porosity: 36.3% 
Sat. bulk density: 2.089 Pore fluids: NaCl brine 
Diameter: 38.01 mm Entered Length: 50.41 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at 11.41 EDT Thur June 4 2009 
1244138593 
Thu Jun 04 14:06:21 2009 
Fri Aug 07 09:22:03 2009 

Pressure Information for File Key_Largo_C4.2 
Event System Conf Pore Diff Temp 

MPa MPa kN °C 
0 zmeter4 14.5 6.6 — 25.4 

Resistivity for File Key_Larg o_C4.2 
Requested Actual Impedance 

Event Frequency Frequency R X C ^corrected F 
Hz Hz ilm Qm fiS/cm juS/cm 

0 1.00 0.720 1.32 O.OIOI 5.40e+04 5.44e+04 7.208 
0 10.0 10.0 1.33 -0.00372 5.40e+04 5.44e+04 7.224 
0 100. 72.0 1.32 -0.00251 5.40e+04 5.44e+04 7.181 
0 l.OOe+03 l.OOe+03 1.32 -0.00171 5.40e+04 5.44e+04 7.175 
0 l.OOe+04 7.20e+03 1.32 -0.00421 5.40e+04 5.44e+04 7.164 
0 2.00e+04 1.39e+04 1.32 -0.00671 5.40e+04 5.44e+04 7.159 

New England Research, Inc. •13- AutoLab Version 5 



Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo_C5 

Well: 
Depth: 
Formation: 
Dry bulk density: 
Sat. bulk density: 
Diameter: 

Key Largo 
665.2 m 
Key Largo 
2.099 
2.348 
38.11 mm 

Organization: 

Rock type: 
Porosity: 
Pore fluids: 
Entered Length: 

Ardaman 

Carbonate 
25.7% 
NaCI brine 
44.18 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at 14:47 EDT Thur June 4 2009 
1244141093 
Thu Jun 04 14:49:20 2009 
Fri Aug 07 09:22:42 2009 

Pressure Information for File Key_Largo_C5 

Event System Conf Pore Diff Temp 

MPa MPa kN °C 

0 zmeter4 15.0 6.6 - 26.0 

Resistivity for File Key_Largo_C5 

Requested Actual Impedance 
Event Frequency Frequency R X C C corrected F 

Hz Hz Om Om uS/cm ,uS/cm 

0 1.00 0.720 2.67 -0.00160 5.40e+04 5.52e+04 14.72 
0 10.0 10.0 2.66 -0.00983 5.40e+04 5.52e+04 14.67 
0 100. 72.0 2.65 -0.00899 5.40e+04 5.52e+04 14.60 
0 1.00e+03 1.00e+03 2.63 -0.0.105 5.40e+04 5.52e+04 14.52 
0 1.00e+04 7.20e+03 2.62 -0.0168 5.40e+04 5.52e+04 14.46 
0 2.00e-F04 1.39e+04 2.62 -0.0246 5.40e+04 5.52e+04 14.43 
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Resistivity Measurement Report 

Sample and Experiment Information for File Key_Largo _C5 
Well: Key Largo Organization: Ardaman 
Depth: 665.2 m 
Formation: Key Largo Rock type: Carbonate 
Dry bulk density: 2.099 Porosity: 25.7% 
Sat. bulk density: 2.348 Pore fluids: NaCl brine 
Diameter: 38.11 mm Entered Length: 44.18 mm 

Comments: 
Expt name: 
Expt date: 
Print date: 
A2D File: 

User: ner on elk at 14:47 EDT Thur June 4 2009 
1244141093 
Thu Jun 04 14:49:20 2009 
Fri Aug 07 09:22:42 2009 

Pressure Information for File Key_Largo_C5 
Event System Conf Pore Diff Temp 

MPa MPa kN °C 
0 zmeter4 15.0 6.6 — 26.0 

Resistivity i for File Key_Lar go_C5 
Requested Actual Impedance 

Event Frequency Frequency R X C ^coirecled F 
Hz Hz Qm Qm juSlcm 

0 1.00 0.720 2.67 -0.00160 5.40e+04 5.52e+04 14.72 
0 10.0 10.0 2.66 -0.00983 5.40e+04 5.52e+04 14.67 
0 100. 72.0 2.65 -0.00899 5.40e+04 5.52e+04 14.60 
0 l.OOe+03 l.OOe+03 2.63 -0.0105 5.40e+04 5.52e+04 14.52 
0 l.OOe+04 7.20e+03 2.62 -0.0168 5.40e+04 5.52e+04 14.46 
0 2.00e+04 1.39e+04 2.62 -0.0246 5.40e+04 5.52e+04 14.43 

New England Research, Inc, -14- AutoLab Version 5 



ARCMS 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Well System 

Key Largo, Florida 

IW1 
Packer Test No.1 (single packer) 

Start date: 12/2212608 

End date: 1212312008 

Flowmeter Total-Start (gal) : 267845 

Flowmeter Total- End (gal) : 282708'  

Average Teat Pumping Rate (gpm) : 31.0  

Development Duration (min): 561 

Pump Test Duration (min):  480 

Static D1W Before Test (feet apt): 15.87  

Open Hole Total Depth (feet bpi) : 1,746 

Packer Depth interval (feet bpi): 1564.1746 

Pump Setting Depth (feet bpi): 180.28 

Transducer Depth (feet bpi): 16615 

Pipe and open hole volume: 2267+1386= 3664  gals.  

Maximum Drawdown (feet): 124 

Date I Time j Elapsed 

Time 

(min) 

Pumping 

Rate 

(9pm) 

Total ; Water 

Volume I Level 

(9135 ' Bee WO 

Temp. 

(°C) 

Cond. 

(mSlan) 

Cldoskies1 

(11911.) 

CommoMa 

Development 
12121/08 2120 I 0 I -10 0 TI Start air- lifting development. Packer press. 230 psi. 

12/21/08 23:50 150 -50 -3700 I 25.3 25,900 0,000 Stop air lifting, water cloudy. Packer press. 230 psi. 

12/22/08 1:19 , 150 45 3,700 7.23 Bpi n/a nia n/a Start dev. with submersible pump (low.tot 256415). 

12/22/08 1:48 , 179 I 31 4,600 86.15 27.9 28,700 10,000 

12/22/08 2:33 224 31 5,995 98.94 28.8 27,900 10,500 

12/22/08 3:19 270 32 7,255 100.93 28.9 28,100 11,000 

12/22/08 4:03 314 I 32 8,826 102.28 27.9 28,000 11,000 Packer press. 340 psi. 

12/22/08 4:48 359 i 31 9,990 102.97 27 29,000 11,000 

12/22/08 5:33 404 30 11,340 103.85 27.1 29,100 11,500 

12/22/08 8:18 449 j .30 12,890 104.47 27.4 29,000 11,500 

12/22/08 7:03 494 j 31 14,040 105.16 27.2 29,200 11,500 

12/22/08 7:58 549 32 15,745 106.15 27.1 29,200 11,500 Annulus:23.88 ft. 

12/22/08 8:10 561 32 16,130 n/a rile n/a We Pump-off, start pre-test recovery. Packer press. 320 psi. 

Pump Test 
12/22/08 18:17 0 j 35 0 15.87 apt 1 n/a n/a n/a Start test purnp-orr, packer press. 340 psi. Ann. 

12/22/08 18:47 30 j 33 1,016 n/a j 27.4 29,100 10,500 

12/22/08 17:20 83 j 33 2,095 96.45 27.5 29,200 11,000 Annulus:25.89 ft. 

12/22/08 18:02 105 32 3,440 99.02 27.7 29,100 11,500 ' Packer press. 350 psi. 

12/22/08 18:45 146 32 4,755 101.84 28.2 29,100 11,500 'Annulus: 26.87 ft 

12/22/08 19:33 198 31 6,105 103.81 27.7 29,100 11,000 

12/22/08 20:12 234 30 7,485 104.54 276 29,100 11,000 Annulus: 25.02 ft 

12/22/08 20:58 281 31 8,875 105.45 27.8 29,200 11,000 

12/22/08 21:44 327 31 10,281 108.37 27.7 29,100 11,000 

12/22/08 22:30 373 31 11,847 108.99 28 29,200 11,000 Annulus: 26.18 ft 

12/22/08 2310 423 31 13,048 107.28 j 28 29,100 11,000 Packer press. 310 psi. 

12/22/08 0:00 463 31 14,165 108.24 j 27.9 29,100 11,000 

12/23/08 0:15 478 31 14,830 108.31 . 27.8 29,100 11,000 Annulus:28.48 ft, packer press: 320 psi. 

12/23/08 0:17 480 31 14,680 n/a rtla n/a n/a End pump test, start recovery 

Note: Due to flowmeter approximately S mkt stoppage 150 gallons were added to the totallizer end-reading 
-gar denotes gallons. 
"ape denotes gallons per minute, 
▪ en' denotes mlnutes. 
'feet bpi'  denotes feet below pad levet. 
lest apr denotes feet above pad level. 
.°17. rtorinolo &woes rake ro 
"m8/air denotes rrelltSternares per collimator. 
'mg/I: denotes milligrams per !bor. 
"0" denotes pressure In pounds per square Inch. 
We" denotes data not available. 
W denotes not measured. 
Static depth to water (011N) waft measured just prior to pumping test startup. 
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hv-1 IS PACKER TEST WATER QUALITY SUMMARY 
KLWTD lri|ection Well System 

Key Largo, Florida 

IWI 
Packer Test No.1 (single packer) 

start data: 12/22/2008 
End data: 12/23(2008 

Flowmeter Total-Start (gal): 287845 Open Hole Total Depth (feet bpl): 1,746 

Flowmeter Total- End (gal): 282708* Packer [teptli Interval (feet bpl): 1564-1746 

Average Teat Pumping Rate (gpm): 31.0 Pump Setting Depth (feet bpl): 180.25 

Developmant Duration (mtn): 

Pump Test OuraOon (ndn): 

561 Transducer Depth (leet bpi): 166.25 Developmant Duration (mtn): 

Pump Test OuraOon (ndn): 480 Pipe and open hole volume: 2267+1386° 3654 gals. 

aat ie DTIW Before Test (feet apl): 10.87 IHaxImum Drawdown (feet): 124 

Date Time EbpMd 
Tbne 
(min) 

Pumping 
Rate 
(gpm) 

Total i Water 
Volume I Level 

(gal) i pbrtbpl) 

Temp. 

(°C) 

Cond. 

(mS/cm) 

Chlorides 

(mgfl.) 

Comments 

Oevelopmen 
12/21/08 2120 I 0 -10 0 ! Start air-lifting devetopment Packer press. 230 psl. 
12/21/08 23:50 ! 150 -50 -3700 1 25.3 25,900 9,000 Stop air lifting, water doudy. Packer press. 230 psL 

12/22A» 1:19 1 ISO 1 45 3,700 7.23 apt n/a n/a n/a Start dev. with submersible pump (Row.toL 25S415). 

^2a2m» 1:48 ! 179 1 31 4,600 88.15 27.9 26.700 10,000 

12/22/08 2:33 1 224 { 31 5,995 98.94 26.8 27.900 10,500 

12/22/08 3:19 1 270 j 32 7,255 100.93 28.9 28.100 11,000 

12/22AM 4:03 314 1 32 8,626 102.26 27.9 28.000 11,000 Packer press. 340 psi. 

12/22A)8 4:48 359 1 31 9.990 102.97 27 29.000 11.000 

12/22/08 5:33 404 1 30 11.340 103.85 27.1 29.100 11.500 

12/22/08 8:18 449 i 30 12,690 104.47 27.4 29.000 11,500 

12/22^8 7:03 494 f 31 14,040 105.16 27.2 29.200 11.500 

\2i22m 7:58 549 1 32 15,745 106.15 27.1 29,200 11.500 Anmilus:23.88 f l 

\2l22m 8:10 661 ; 32 18.130 n/a n/a n/a n/a Pump-off. start pre-test recovefy. Packer press. 320 psl. 

PinnpTest 
18:17 0 I 35 0 15.87 apt n/a n/a n/a Start test pump«n; packer press. 340 psl. Ann. 

1202/08 16:47 30 1 33 1,015 n/a 27.4 29,100 10,508 

12/22/08 17:20 63 33 2.005 96.45 27.5 29,200 11.000 Annuhis:2S.69 ft. 

1202/08 18:02 10s 32 3,440 99.02 1 27.7 29,100 11,500 1 Packer press. 350 psl. 

18:45 148 32 4,755 101.84 ; 28.2 29.100 11.500 {Annulus: 26.87 ft 

^2l^^m 19:33 ISO 31 6,105 103.81 1 27.7 29,100 11,000 1 

12A22ra8 20:12 238 1 30 7,465 104.54 i 276 29.100 11,000 I Annulus: 26.02 ft 

12/22/08 20:58 261 31 8,875 105.45 { 27.8 29.200 11,000 ! 

1202109 21:44 327 31 10,261 1W.37 1 27.7 1 29,100 11,000 1 

12/22/08 22:30 373 31 11,647 108.99 I 28 1 29.200 11,000 Annulus: 26.18 ft 

12/22/08 23 20 423 31 13,045 107.26 I 28 29,100 11,000 Packer press. 310 psl. 

12/22/08 0:00 463 31 14,168 108.24 j 27.9 1 29.100 11.000 

1203/08 0:15 478 31 14,630 108.31 i 27.6 I 29.100 11.000 Annulus:26.46 ft, packer press: 320 psi. 

12/23/08 0:17 480 31 14.660 n/a 1 n/a 1 n/a | n/a End pump test, start recovery 

Itote: Due to flowmeter approodmateiy 5 min. stoppage 150 galhins wwe added to the totallizer end-reading 
^Qal* denotes QaOofB. 
"gprnr denotes gaflons per mliute. 
f̂idn* denotes minutss. 

feet bpr denotes feat bebw pad level. 
teet apT denotes feel abova pad level. 
"^fl* itaiwliHi rtflrtTAAn CAlrtiitt 
"ms/oir denotes milliStenians percenltmeter. 
tng/L* denotas milllsranQ per lltsr. 
*psi'denotes prassure In pounds per square Indi. 
*n/a* denotes data not avallatrie. 
*N/M* denotes not measured. 
Static depth to voter (in\M) wass insasursd just prtor to pumpbia test staitiv. 
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KLWTD IW1 
Packer Test No. 1 (1564-1746 ft bpi) 

Drawdown Chart 
Q=31.0 gpm 
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KLWTD IWI 
Packer Test No. 1 (1564-1746 ft bpl) 

Drawdown Chart 
Q=31.0 gpm 
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KLWTD IW1 
Packer Test No. 1 (1564-1746 ft bpl) 

Recovery Chart 

KLWTD IWI 
Packer Test No. 1 (1564-1746 ft bpl) 

Recovery Chart 
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ARCAD1S 
PACKER TEST WATER QUALITY SUMMARY 

KUNTD Injection Well System 

Key Largo, Florida 

lW1 
Packer Test No.2 (straddle packer) 

Start date: 12126/2008 
End date: 12/27/2008 

Flowmeter Total-Start (gal) : 

Flowsneter Total- End (gal) : 

Average Test Pumping Rate (gpm) 

Development Duration (min): 

Pump Test Duration (min): 

Static DTVV Before Test (feet apt): 

288,660 

301,900 

51.3  

349 

 

Open Hole Total Depth (feet bpi) : 1.746 

 

Packer Depth Interval (feet bpi): 1279-1319 

 

Pump Setting Depth (feet bpi): 180.25 

 

Transducer Depth (feet bpi): 14125 

256 

33.06 

 

Pipe aid open hole volume: 1863+252= 2115 gals. 

Maximum Drawdown (feet): 112.82 

Date ' Time Elapsed 

Time 

(min) 

Pumping I Total 

Rate 1 Volume 

(gpm) 1 (gal) 

Water 

Level 

(feet  big) 

Temp. Cond. 

(°C) I (mS/cm) 

Chlorides 

(rMil-) 

Comments 

Development 
12/28/08 13:10 0 -30 I 0 I !Start air- lifting development. Packer press. 345 psi. 

I 12126/08 
12128/08 

16:10 
18:35 

180 
205 

-35 
-35 

-6000 
, -7500 

Na 
n/a 

27.1 7,520 
27.2 7,570 

3,1300 
3,000 !Stop air Nang. ester clearing. Packer press. 340 psi. 

1226/08 17:50 230 -40 -8300 n/a Na n/a n/a 1Well flowing at 25 gpm. Shut flow, install pump. 

12126/08 18:13 230 70 Adjusting n/a n/a j nn n/a IStart dew. with submersible pump (flow.tot 282557). 

12/26/08 18:23 240 44 8,800 Na 27.8 7,780 3,000 

12/28/08 18:41 258 44 I 9,590 63.00 27.8 I 7,900 3,500 !Increase pumping rate to 50 gpm 

12128108 19:01 278 50 I 10,550 74.66 27.8 I 7,880 3,000 !Water cloudy. Annulus: 23.92 psi. 

12/28/08 19:20 297 52 11,550 75.69 27.8 I 7,890 3,000 

12/28/08 19:40 317 52 I 12,590 72.48 27.8 I 7,990 3,000 I 

121213/08 20:00 337 52 I 13,680 71.88 27.8 8,000 3,000 !Annulus:24.00 

12128/08 20:10 347 51 14,200 71.77 27.8 I 8,010 I 3,000 Water slightly turbid. 

12/26/08 20:12 349 51 I 14,302 Na rife I Na I n/a IPump-off, start pre-test recovery. Packer press. 320 psi. 

Pump Test 

12/26/08 23:33 0 55 0 Ns Na Na Na !Full recovery, pump-on, start test. Annulus:24.42 ft 

12/27/08 0:20 1 47 52 2490 68.78 I 27.8 I 8,050 3,000 !Packer press..340 psi 

12/27108 0:40 67 53 3530 65.99 27.7 8,100 3,000 I 

12/27/08 1:00 87 52 4590 64.26 27.9 I 8,120 I 3,000 I 

12/27/08 1:20 107 51 5630 65.92 27.8 I 8,180 3,000 !Annulus: 24.49 ft 

12/27/08 1:40 127 52 6650 68.23 28 8,200 3,000 I 

12/27/08 2:00 147 52 7,690 68.76 27.9 I 8,220 3,000 !Annuli= 24.57 ft, packers: 340 psi 

12/27/08 2.20 187 53 8.730 67.12 27.7 I 8,190 3,000 iWater dear 

12/27/08 240 187 52 9,790 67.85 27.9 I 8,220 3,000 !Annulus: 24.68 psi 

12/27/08 3:00 207 S3 10,850 68.52 27.8 8,240 3,000 !Packer press..340 psi 

12/2703 3:20 227 51 11,910 88.90 28.0 i 8,240 3,000 !Annulus: 24.82 ft. 

12/27/08 3:40 247 52 12,930 69.80 27.9 8,250 3,000 !Annulus: 24.90 ft 

12/27/08 3:48 255 Na 13,340 69.72 Na n/a Na !Pump-off, start recovery after pump test 

"gpm' denotes gallons per minute. 
-min' denotes minutes. 
'feet bpr denotes feet below pad level. 
lora apr denotes feet above pad level. 

danntme thanzaset MMus. 
'ration' denotes milliSlernans per cenItmeter. 
-rngil.' denotes milligrams per War. 
'psi.  denotes pressure in pounds per square inch. 
'Na' denotes data not available. 
N/P.r denotes not measured. 

Static depth to water (01W) wass meowed just prior to pumping test startup. 
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PACKER TEST WATER QUALITY SUMMARY 
KLWTD lri]ection Well System 

Key L^rgo, Florida 

IWI 
Packer Test No.2 (straddle packet) 

start date: 12/26/2008 
End date: 12/27/2008 

RwMTieter Total-Start (gal): 288,660 Open Hole Total Depth (feet bpl) 1.748 

Rowmeter Total- End (gal): 301,900 Packer Depth Interval (feet bpl): 1279-1319 

Average Test Pumping Rate (gpm): S1J Pump Setting Depth (feet bpi): 180..25 

Development Duration (min): 349 Transducer Depth (feet bpl): 141.25 

Pump Test Duration (min): 266 Pipe a i ^ open hole volume: 18634'252° 2115 gals. 

Static DTW Before Test (feet apl): 33.06 iMaximum Drawdown (feet): 112.82 

Date Time Elapsed 

Time 

(min) 

Pumping 

Rate 

(gpm) 

Total 

Volume 

(gal) 

Water 

Level 

(feet bpl) 

Temp. 1 ComL 

1 

(°C) i (mSftsn) 

Chlorides 

(mgfl.) 

Comments 

D e v e l o p m e n t 
12/28/08 13:10 0 -30 1 0 1 Start air- itfUng development Packer press. 345 psi. 

i2/2en)8 
16:10 
16:35 

180 
205 

-35 1 -8000 
-35 ! -7500 

n/a 
n/a 

27.1 
27.2 

7.520 
7.670 

3.000 
3,000 

Start air- itfUng development Packer press. 345 psi. 

i2/2en)8 
16:10 
16:35 

180 
205 

-35 1 -8000 
-35 ! -7500 

n/a 
n/a 

27.1 
27.2 

7.520 
7.670 

3.000 
3,000 Stop air Bfllng. water dealing. Packer press. 340 psi. 

12/26/08 17:50 230 •40 1 -8300 n/a n/a n/a n/a wail flowing at 2S gpm. Shut flow, install pump. 

12/26/08 18:13 230 70 Adlustlng n/B n/a { rat n/a {Start dew. with submersible pump (flow.tot 282557). 

12/26/08 18:23 240 44 8,800 nte 27.8 I 7.780 3,000 { 

12/28/08 18:41 258 44 9,590 63.00 27.8 7.900 3,500 I increase pumping rata to 50 gpm 

12/2S/08 19:01 278 50 10,550 74.66 27.8 1 7.860 3,000 {water cloudy. Annulus: 23.92 psi. 

12/28/08 19:20 297 52 11,550 75.69 27.8 { 7,890 3.000 i 

1206A)S 10:40 317 52 1 1Z590 72.48 27.8 { 7,990 3,000 { 

12/28/08 20:00 337 52 1 13,660 71.98 27.8 1 8.000 3,000 |Annulua:24.00 

12/2Bre8 20:10 347 51 1 14.200 71.77 27.8 1 8.010 3,000 1water slightly turbkl 

1206ra8 20:12 349 51 1 14.302 n/a n/a 1 n/a n/a Pump^off, Aart pre-test recovery. Packer press. 320 psl. 

P u m p T e s t 

1206A}8 23:33 0 55 0 n/a n/a 1 n/a n/a jFuflrecovery, pump-on, start test. Annulus:24.42 ft. 

12/27/08 0:20 47 52 2490 66.78 27.8 1 8.050 3,000 {Packer press.'340 psi 

12/27/08 0:40 1 67 S3 3530 65.99 27.7 1 8.100 3,000 ! 

12/27/08 1:00 87 52 4590 64.26 27.9 8,120 3.00O 

12/27/08 1:20 j 107 51 5630 65.92 27.8 1 8,180 3,000 lAnnulus: 24.49 ft. 

12/27/08 1:40 127 52 6650 66.23 28 1 8,200 3.000 

1207/08 2:00 147 52 7.690 66.76 27.9 1 8.220 3,000 Aimuhis: 24.57 ft, packars: 340 psi 

12/27/08 2:20 167 53 8.730 67.12 27.7 1 8.190 3.O0O Water dear 

1207/08 240 187 52 9.790 67.85 27.9 1 8.220 3.000 Annulus: 24.68 psi 

1207/08 3:00 207 53 10.850 6&52 27.8 1 8.240 3,000 Packer press..340 psi 

1207/08 3:20 227 51 11,910 68.90 28.0 1 8.240 3,000 Annulus: 24.82 f t 

12/27/08 3:40 247 52 12,930 69.80 27.9 1 8.250 3,000 {Annulus: 24.90 ft. 

1207/08 3:48 255 n/a 13.340 69.72 n/a 1 n/a n/a {pump.off, start recovery after pump test 

"QunT dofiottta QfiBonft por mlnutB. 
'^nln* <tenot89 mkiutBS. 
f M t t^T dttnotes ftet bokiw pad lovei 
'*tb6l apr do notes foot flbovo pad lovcL 
^H" dfmntoM rtMuww nnlnliHi 
"rnSfcni* dsnotps fnOBStomons par canUntatsr. 
'^ng/L' denotas mUgnBiis perGtar. 
*psr denotas pfEssure hi pounds par SQuaio inch. 
"n/a" denotas data not ovafiabla. 
"N/ltr denotes not measured. 
Static depth to vvatar (OTW) wass measured iust prtor to ptxmp^ tost startup. 
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KLVVTD IW1 
Packer Test No. 2 (1279-1319 ft bpl) 

Drawdown Chart 
0= 51.3 gpm 
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KLWTD IWI 
Packer Test No. 2 (1279-1319 ft bpl) 

Drawdown Chart 
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Recovery Chart 
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AUDIS PACKER TEST WATER QUALITY SUMMARY 
KLWTD Injection Well System 

Key Largo, Florida 

1W1 
Packer Test No.3 (straddle packer) 

Start date: 112612009 
End date: 112812009 

1.2  

282  

244 

3.28 

Plc meter Total-Start (gal) : n/a 

Flovnneter Total- End (gal) : n/a 

Average Teat Pumping Rate (gpm) : 

Development Duration (min): 

Pump Test Duration (min): 244 

Static D1W Before Test (feet apt):  

Open Hole Total Depth (feet bpi) : 3,693 

Packer Depth Interval (feet bpi): 1879-1907 

Pump Setting Depth (feet bpi): 176.08 

Transducer Depth (feet bpl): 164.84 

Pipe and open hole volume: 2762+210.12972 gabs. 

Maximum Dray/down (fee* 103.46 

Date Time Elapsed 

Time 

(min) 

Pumping 

Rate 

(9Pm) I 

Total 

Volume 

(gal) 

Water 

Level 

(feet bpl) 

Temp. 

(°C)  

Cond. 

(mS/cm) 

Chlorides 

(mfin-)  

Comments 

Development  
1/25/09 a 15 0 10.0 0 3.26 an) rda n/a n/a Pump-on, begin development Transd. At start 172.25 ft 

1/26/09 Et 17 2 4.0 10 0.84 n/a rda n/a Adjusting rate. Annulus: 28.48 ft. Patter press. 305 psi. 

1/25/09 Et25 10 2.0 24 15.40 Ida n/a Na 

1/25/09 8:3333 18 1.9
r- 

39 29.93 22.6 74.700 28.500 Water brownish-red 

1/25/09 8:53 38 1.4 I ea 58.48 We rda n/a 

1/25/09 9:28 73 1.4 117 79.88 23.5 83,400 31,000 

1125109 9:53 98 1.4 I 182 89.20 23.9 81,200 30,000 Water it yellow 

1/25/09 9:54 99 n/a j n/a rile n/a Na nba Begin pre-test electronic data collection. 

1/25109 10:30 135 1.4 204 n/a 24.5 78,200 29,500 

1/25/09 11:00 165 1.3 I 243 108.79 24.3 74,500 28,000 Annulus: 28.00 ft 

1/25/09 11:30 195 1.4 285 111.08 24.7 71.300 28.500  

125/09 
.1 

1200 226 1.4 327 120.58 24.8 71.100 26,500 

1/25/09 1230 255 1.4 I 389 128.35 24.9 69,900 26,500 Annulus: 27.28 ft 

1/25/09 12:37 282 1.4 i 380 127.27 n/a rota n/a Pump-off, begin pre-test recovery. 

Pump Test 
1/28/09  243 0 0.0 1 0 3.28 apt n/a n/a n/a I Pump-on, start test annulus 27.84 ft 

1/28/09 9:15 32 1.2 38 n/a 24.4 55.200 22,500 

1/26109 9:45 82 1.2 I 74 42.57 24.2 58.400 22,500 1 

1/26109 10:15 92 1.2 110 55.02 24.4 58,100 24,000 I./Mrilus: 27.88 

1/26/09 10:45 122 1.1 I 144 88.21 24.3 58,800 24.500 

1/26/09 11:05 142 1.1 186 n/a n/a n/a n/a !Adjust rate (dropped .6%) 

1/26/09 11:15 152 1.2 I 178 77.49 24.9 60.000 25,000 'Annulus: 27.69 

126/09 11:45 182 1.2 I 214 87.9 25.0 61.100 25.000 I 

1/26/09 12:15 212 1.2 j 250 94.98 25.3 61,300 25,000 !Anni4us: 27.87 

1/28/09 1230 227 1.1 j 268 n/a n/a rda nle 1Collect lab. Water sample. 

1/26/09 1245 242 1.1 I 280 100.06 27.5 81.200 25,000 1 

1/28/09 1247 244 1.1 1 282 n/a n/a n/a I n/a 1Pump-off begin recovery. 

"grur denotes gallons par mints 
'Thin" denotes mutes. 
"feet bp1" aerobes feet below pad level 
"ffeet epr denotes feet above pad levee 
-*C" denote* degrees midis 
Inflicm" denotes mfilialemard per combustor. 
Ingfl: denotes Miliarams per !ter. 
'per denotes pressure in pounds per square inch 
'Yuba" denotes data not sweat& 
"elabr denotes not meowed 
Steam depth to water (D1W) was measured just plor to pimping test Mat*. 
Note. due to very slow pump rate mewaremente were taken manually end total volume was calculated 
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PACKER TEST WATER QUALITY SUMMARY 
KLWTD ln|ecUon Won Systnn 

Key Largo, Florida 

iWI 
Packer Test No.3 (straddle packer) 

Start date: 1/26/2009 
End date: 1/2&O009 

Rowmeter Total-Start (gal): n/a Open Hole Total Depth (feet bpl) 3,693 

Howmeter Total- End (gal): n/a Packer Depth Interval (feet bpl): 1879-1907 

Average Test Ptmiping Rata (gpm): 1.2 Pump Setting Deptb (f6et bpl): 176.08 

Osvelopfnent Duration (min): 282 Transducer Depth (feet bpl): 164.84 

Pump Test Duration (mtn): 244 244 Pipe and open hole vohime: 2762+2103 2973 gals. 
Stalk; DTW Before Test (feet apl): 3J8 Uazbrnim Drawdown (feet): 103.46 

Date Time Elapsed 
Tbne 

Pumping 
Rats 

Total 
Volume 

Water 
Level 

Temp. Cond. Chktrides Comments 

(mtn) (gpm) (gaD (feetbpO <°C) (mS/teffl) (mgfl.) 
Devatopmen : 

8:15 0 10.0 0 3.26 apl n/a n/a nia Pump-on begin development Transd. At start 17225 f t 

1/2S/09 8:17 2 4.0 10 0.84 n/a n/a n/a Adjusting rata. Annuhis: 28.48 f t Packer press. 303 psL 

1/25/09 8:25 10 ^ 0 24 15.40 nte n/a n/a 

1/2SA>9 8:33 18 1.9 39 29.93 22.8 74.700 26.500 water brownish-red 

V2Sm 8:53 38 1.4 68 58.48 ma n/a n/a 
V25n9 9:28 73 1.4 117 79.88 3X5 83.400 31,000 

1/25/09 9:53 98 1.4 152 89.20 23.9 81.200 30,000 water It yeBow 

1/25/09 9:54 99 n/a n/a n/a n/a n/a n/a Begin pre-test eledromo data ooflaction. 

1/2Sn)9 10:30 135 1.4 204 n/a 24.5 78.200 29,500 

1/25/09 11:00 165 1.3 243 108.79 24.3 74,500 28.000 /Vnnulua: 28.00 It 

1/2S/09 11:30 199 1.4 285 111.08 24.7 71,300 26.500 

1/2S/09 12:00 225 1.4 327 120.58 24.8 71.100 26.500 

1/25/09 12:30 255 1.4 389 126.35 24.9 69,900 28.500 finniM: 2728 It 

1/25/09 12:37 262 1.4 380 127.27 n/a n/a n/a Pufflp-olf, begin pre-test reeovaiy. 

Pump Test 
1/26/09 8:43 0 0.0 0 3.28 apl n/a n/a n/a Pump-on. start test anmdua: 27.84 f t 

1/28A)9 9:16 32 1.2 38 n/a 24.4 55,200 22.500 

1/26/09 9:45 62 1.2 74 42.57 24.2 56,400 22.500 

1/28/09 10:15 92 1.2 110 55.02 24.4 58.100 24.000 Annulus: 27.88 

1/26/09 10:45 122 1.1 144 66.21 24.3 68,800 24.500 

1/26/09 11«5 142 1.1 166 n/a n/a n/a n/a /Vdjust rate (dropped >5%) 

1/26/09 11:15 152 1.2 178 77.49 24.9 60.000 25.000 Annulus: 27.89 

1/26/09 11:45 182 1.2 214 87.9 25.0 r 61.100 25.000 

1/26/09 12:15 212 1.2 250 94.96 25.3 61,300 25.000 Annulus: 27.87 

1/26/09 12:30 227 1.1 266 n/a nia nfti n/a Collect lab. water sample. 

1/26 )̂9 12:45 242 1.1 280 100.08 27.5 61,200 25.000 

1/26/09 12:47 244 1.1 282 n/a n/a n/a n/a Pump-off begin recovery. 

"̂QpnT* dsnotes gallons per mlnjts. 
"rnkf denote* ninutes. 
leet bpr denotes I M below pad level 
I M ajar denotes faet above ped level 

dm Mlut degrees oBlciirt 
'̂ nS/on'* denotes mflSSieniaiis per cenuitetfir. 
"tngn." denotes maigrains per I ter. 
"psT derates prewjia in pouids per square incti 
"ntar denotes data not avaasUe 
"M/MT denotes not msesued. 
Static deplti to water (DIW) was measusd Juit prior 10 punpins teal startifiL 
Note, due to vaiy elow punp rate fneasuramenta were taken menually end tote) volunie was ealeiilaled 
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Packer Test No. 3 (1879-1907 ft bpi) 

Drawndown Chart 
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KLWTD IW1 
Packer Test No. 3 (1879-1907 ft bpl) 

Recovery Chart 
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ARCAD1S 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Well System 
Key Largo, Florida 

1011 

Packer Test No.4 (straddle packer) 

Start data: 1/27/2009 
End data: V27/2009 

Plowmen Total-Start ggd): 19,902 

Floarneeer Total- End (al) : nia 21,884 

Avenge Test Pumping Rats (ons) : 4.0  

Oevekocenent Damian gni* 288 

Pianp Test Duration (mink 442 
Stage OTW for Test PM ON 1629  

Open Hole Total Depth (feel bpi): 3,693 

Packer Depth Intoned trod bp* 22094237 

Pump Setting Oopth (feet bpi): 17825 

Transducer Dopes (het Opt): 1114.84 

Plpe and open hole velum*: 3267+216. 3487 gale. 

Piesinann Orawdown (fee* 113.15 

Oats Time 1 Bawd 
Time 

VIVO 

Pumping 
Rata 
WO 

Total 
Volume 

(030 

Water 
Leal 

80410P0 

Tamp Cond. 

(140:111) 

Chlorides 

WON 

Coaenarib 

:Tient 

MOM 21:48 0 2.0 0 5.61 apt Na Na nes Pumpers. begin development Ousel. At Mot 170.51 ft. 

1f28109 2143 2 1.8 4 Na 1 Na Na pie Adjusting rata. Peaks 28.84 rt. Packer pleat 210 pd. 

1,26/09 2124 8 1.8 14 4.81 1 Na Na nisi 

1/21909 2215 29 1.8 47 20.40 1 24.6 53.800 20,003 Packs press.: 315 tot water dear. 

1/26109 2245 59 1.6 95 32.02 24.4 53.700 20,500 increase rata to 2.0 gpm. Annulus 27.93 It 

146/09 2323 99 2.0 173 40.15 24.4 53,700 20.500 maven flea 10 3.0  9Prm 

1/25109 MCCI 134 3.0 280 55.57 24.8 54.030 20.000 

1/27109 030 184 3.0 370 Na nia Na Leaking pressure Bee. Suspend development.PutPat 

147/09 4:01 164 3.3 370 823 ad Totals:m:19840 gals Resume dowdopmert padre" press. 315 psi. 

1/27109 430 194 3.3 470 34.50 25.0 NU= 19.500 Aram 28.8 9.. cedar Prem. 308 Pd 

1/27109 201 224 2.8 570 47.04 242 84.900 19,500 Increase rate to 4 gem. 

1/37/09 5.10 254 3.8 720 63.58 25 54.800 19.500 

UV= 5:42 266 3.8 765 69.38 Ne Ida :ye Amulet 28.4 ft, packers prow 308 psi. 

1/27/09 249 Na nfa Na Na Na Na Na Purpoff. begin pratest roomy. 

1 
Pump Test 

1127I09 12:58 0 4.0 0 1829 ad Na Na Na Puroon. start test emits 28.5 a. Psdier Most 330M4  

1/27/09 1220 22 4.0 88 Ida 25.70 54.700 18.500 

1/27/09 1245 47 4.0 188 60.92 60.92 55,400 19,000 imam 21142 348  

1/27/09 14:15 77 3.8 302 69.90 69.90 55,600 19.000 Padner Prost 325 Pa 

1/27109 14:45 107 4.0 422 77.45 77.45 53.000 19.000 

117009 15:15 137 4.0 542 89.14 89.14 54 00 18500 kr5*us: 28.30 psi 

1/27/09 15:45 167 4.0 682 90.89 90.89 54,900 18.800 

1/2729 16:15 197 4.0 782 91.93 91.93 54,900 18,500 Padcers press: 340 psi 

1!27/013 12.45 227 3.9 900 93.14 93.14 55.000 19.000 Amulus: 28.29 psi 

127439 17:15 257 4.0 1,020 93.70 93.70 53 700 18 500 

147)09 17:45 287 4.0 1,140 98.31 99.31 41.400 17.00 Peckers press: 320 est 

1f27/09 1215 317 4.1 1.282 97.18 97.18 40,000 18,000 Water booming doudy. Ana= 213.32 psi 

1127109 18:45 347 4.0 1.382 97.97 97.97 38,100 14,000 Water very doudy. 

1127/09 19:15 377 4.1 1.504 97.18 97.18 49,400 1E1.030 Ada 28.41 pat 

147/09 1043 407 4.0 1,824 98.18 96.16 51,400 18,500 

1/27/09 20:15 437 3.9 1,742 95.70 95.70 60.900 18,500 

1/27109 2020 442 4.0 1.782 Na Na nfa Pump-off, begin recoksene erred= 28.471 

1  Packer press: 328 Pe- 

W denotes galena per Mateo. 
"mks' denotes meartea 
Teel epr denotes feel Mow pad Wei 
Taal epr denotes MI Mem pad levet 
**C• denotes decrees esteem 
Velem' denotes MaiSterrerte per cerattrebse 

*OW denotes rrillemen per RSA 
'Pe denotes mature ti pounds per mime inch 
"Mr denotes data not avelattie 
Titer denotes not mealtime 
Slade depth to ester (OM mod tot talculaboos eras measured otter lull posetest ercovesy. 
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PACKER TEST WATER QUAUTY SUMMARY 
KLVVTD b^eeUon Well Syetom 

Largo, Florida 

IWI 
Packer Test No.4 (straddle packer) 

SbUtdetK 1/27/2009 
Eoddtfs: 1/27/2009 

Ftowmetsr Toti).Start (gal): 1%S02 Opaa Hole TMal Oepdi (tbel bpo: 3,693 

Rowmeter Total-end (giO: nto 21.664 Packer Daptb tateival («ael bpl): 22094237 
Average Teat AiSipbiy Rata (gpn); 4.0 Pump asttbig Depth (feel bpl): 17648 
Developmant AuatkM (nilnjc 288 Traaaduear Depot CUtet bpQ: 16184 
Pump Test Oufsdon (mbi): 442 Pipe and open hole vobane: 32(7')'210a34a7galfc 
StaaeOTW ie> Test itbet apl); 1&99 113.18 

Data Tbne Bapaed 
Time 
(mtn) 

ûnplug 1 Total 
Rata 1 Vbfejnie 
(Ofm) 1 (gaO 

water 
L«ral 

(leetbpo 

lamp. 1 Cond. 

(°C) 1 (mS/bm) 

CMcrtdes 

(ngflj 

Oommants 

Developmant 
1/26XB 1 21:48 0 20 0 5.61 epi 1 n/a 1 n/a ma PumpKsv t>eQ|n develcpmers. TtanstL At siert 171X51 ft 

1/3609 ! 2148 2 1.6 4 ma 1 ma nia ma Aî udno rata. AniJus: 28.84 It Padier press. 210 pd. 

USSKB 21:54 8 1.6 14 4.61 1 ma ma ma 
i/nno 22:15 29 1.0 47 2040 1 24.6 53.600 20,000 Pecker press.: 315 psl. water deer. 

i/2e/ts 22:45 59 1.6 32J)2 1 244 53.700 20,500 bnease rate to 2.0 gpm./Vmulus 27.03 ft 

V2Bm 23:23 99 2si 175 4ai5 I 24.4 53,700 20,500 Inoaaie ras to 3X> gpm. 

1/26109 0:00 134 10 260 5SST 243 54M0 20,000 
1/27/09 0:30 164 ZJO 370 ma ma rva tttuUiiy prassue fira. Sll̂ pf rri devetopnieiS, pump̂ tf. 

1/27/09 AM 164 33 370 a03apl Totabar19840 gals Resune doMlopment: padter press. 315 psl. 

1/27/09 4:30 194 3J 470 3450 25i> S5M0 19.500 Annlus: 28il8 It. packer press. 3 a psl 

1A7/D9 5:00 224 ZO S70 47.04 248 54,900 19.500 Increaae rate to 4 gpm. 

1/27/09 5.-30 254 3Ji 720 63.56 25 54.800 19.500 

mm 5:42 288 3ja 765 69.38 ma n«a n«a /Vnnius: 284 S, psckera ptesr 388 psi. 

1/27(09 5:48 ma mo n/a ma ma nfti ma Puî HJlf. ttegbi pretest recovery. 

Pump Test 
1/27/09 12:58 0 4.0 0 1 leSOaii ma n«a ma PuniHiri atart test: emAis: 28.5 ft iKCker press: 330pai 

1/27/09 1320 22 4.0 88 i nta 23.70 54,700 18.500 

1/27/09 13̂ 45 47 4.0 IBS 1 60.92 eojBa 55,400 19.000 Anraikis: 28.42 psl 

1/27/09 14:15 77 3.8 302 1 69.90 69.90 55,600 19AI0 Padtesr press: 325 psi 

1A7/D9 14:49 107 4.0 422 ! 77.49 77.49 S5M0 19M0 
147/09 15:19 137 4.0 542 89.14 eai4 54,900 10JSO0 Annulus:2SJ0pd 

1/27/09 15:45 167 4.0 662 90L89 90.89 54,900 18.500 
1/27/09 { IftIS 197 4.0 782 91.83 91.93 54,900 18.500 Packers press: 340 pa 

1/27/09 1 1ft49 227 M 600 9X14 83.14 sajaoo 19M0 Annika: 2829 pa 

1/27/09 I 17:19 297 4J0 1A20 9170 ga7o 53.700 18.500 

1/27/09 1 17:49 287 4.0 1.140 98J1 9631 47.400 MJXO Packers press: 320 psl 

1/27/09 18:19 317 4.1 1262 97.18 97.18 4A000 16M0 Weter becomtig doudy. iWnilus: 28.32 psl 

1/27/ia 18:45 347 4.0 1J82 9757 97.97 36.100 14X00 Water very doudy. 

1/27/09 19:15 377 4.1 1,504 97.18 97.18 49,400 18M0 AnmAs: 28.41 psl 

1/27/l» 19:45 407 4.0 1,624 98.16 98.16 51/400 18.500 
1/27/09 20:16 437 3.9 1,742 89.70 99.70 6OJ0O 18.500 

1/27/09 20:20 442 AO 1.762 ma ma ma iwa nmp^tf, begin recovery; anraAis: 2847 n 
I Packer presx 325 pa 

B̂P̂ nT dBftotst O&BBIU per irtnutK 

"(Mt bftr doflDtfl§ liB6t below psd IQVOL 

""C" deoOtM <l8Br968 ccMufc 
f̂fiAcrrf donotn RtUSsmuu psf 

*ttiQĤ  defloto> RfllBdfns per Bter. 
^nT (jonotDS pmsure in poundi psr BQusTO inch. 

StaSo dapth to w i v (CnviO tissd (br cricutafeooi « M msinasd eftsr ftio posv^ 

OW>ir̂ Hr,uwlffBWF PROJECTSMSBOCmtyLMgo M v n m CowtiutflOBa TwdngRapcrtOOgWAwnrKetfFT WPTW OttM$OmntkT»a04 WO «IPT4Wq Pagelof t 
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KLWTD IW1 
Packer Test No. 4 (2209-2237 ft bpl) 

Drawdown Chart 
0= 4.0 gpm 

Time (minutes) 
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KLWTD IWI 
Packer Test No. 4 (2209-2237 ft bpl) 

Drawdown Ctiart 
Q= 4.0 gpm 
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KLWTD IW1 
Packer Test No. 4 (2209- 2236 ft bpl) 

Recovery Chart 
Q= 4.0 gpm 
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ARCADIS 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Wen System 
Key Largo. Florida 

'WI 
Packer Test No.5 (straddle packer) 

Start data: 1/29/2009 
End date: 1/2912009 

Flowntebar Total-Start (gal) : 

Flowmeter Total- End (gal) : n/a 

Average Test Pumping Rate (gpm) : 

Development Duration (mhl): 

Pump Test Duration (min): 

Static DTW for Test (feet apt): 

23,198 

24,306 

4.0  

392  

274 

14.10 

Open Hole Total Depth (feet bpi) : 3,693 

Packer Depth Interval (feet bpi): 2449-2477 

Pump Setting Depth (feet bpi): 176.08 

Transducer Depth (feet bpi): 184.84 

Pipe end open hole volume: 3,600+210= 3457 gale. 
Maximum Drawdown (feet): 79.88 

Date Time Elapsed 
Time 
(min) 

Pumping 
Rate 

(9P41) 

Total 

Volume 

(941) 

Water 

Level 

(feet bp) 

Temp. 

(°C) 

Cond. 

00070 

Chlorides 

(f1117/14 

Comments 

Development 
1/28/09 12:52 0 4.0 0 9.00 apt n/a n/a n/a Pump-on, begin development Transd At start 173.08 ft 

1/28/09 1154 2 4.0 4 500 apt n/a Na Na Annulus: 23.69It Pad ter press. 350 pal 

1/28/09 13:03 11 4.0 44 9.84 n/a Na n/a 

17,500 

Water doudy. 

1/28/09 13:32 40 4.0 180 38.52 28.4 45,100 

1/28/09 14:12 80 4.0 280 50.22 28.5 45,900 17.500 I 

1/28/09 15:32 180 4.0 640 58.30 28.5 30,400 12,500 Annular 2318 ft Water  v- &AMY 
1/28/09 15:52 180 4.0 720 58.85 28.3 39,500 13,500 Increase rate to 8.0 gpm. 

1/28/09 18:31 219 6.0 954 71.81 26.1 40,700 14.500 Annulus 23.74 ft. Water v. cloudy 

1128/09 17:00 248 6.1 1,131 78.65 26.9 41.900 15.000 

1/28/09 17:35 283 8 0 1.365 82.94 28.3 43,700 15,000 Packers press: 345 psi. Annulus: 23.83 ft 

1/28/09 18:07 315 5.9 1,554 86.55 25.9 44.400 15.500 

1/28/09 18:40 348 8.0 . 1,752 89.93 28.0 45,800 15,500 Packers: 340 psi, Annulus: 23.83 ft 

1/28/09 19:20 388 6.0 1,992 90.46 26.2 44,200 15,500 Adjust pumping rate for test to 4 gpm. 

1/28/09 19:24 392 4.0 2,008 Na n/a n/a Na Pump-off, begin pre-test recovery. 

Totalizer. 23198 gals. 

Pump Test 
1/29/09 1:04 0 I 4.0 0 14.1 apI n/a Na Na End recovery, pump-on. Annulus 24.07 ft. 

1/29/09 1:45 41 4.0 184 56.8e 25.50 38,400 15.000 Packers press: 330 psi. 

1/29109 215 71 4.0 275 61.22 25.90 39,200 15,000 Annulus: 24.02 psi. 

1/29/09 245 101 3.9 407 03.10 26.80 40,700 16,500 

1/29/09 3:15 131 4.0 517 63.80 26.40 43,400 17,500 Packers press: 320 psi. Water deartng-up. 

1/29/09 3:45 181 4.0 622 83.90 26.20 43,900 17,500 Annulus: 23.95 psi. 

1/29/139 4:15 191 4.0 748 04.62 28.00 48.300 I 18,500 

1/29/09 4:45 221 4.0 883 64.88 28.40 47.000 18.500 Packers press: 330 psi. 

1/29/09 5:15 251 4.0 978 8520 28.10 47,100 18,500 Annulus: 23.94 ft 

1/29/09 5:45 271 4.0 1.095 8523 25.90 47,300 18,500 Collecting lab. samples. Water dear 

1/29109 5:48 274 4.0 1,108 Na n/a Na Na Pump-off, begin recovery. Annulus.  23.98 ft 

"gar dances Wee par minute. 
"min* donates mutat 
"feet to denotes reet bedew pad lova 
Yee apt' dances and abeni pact lent 
.tt" denotes 0811713133 =Ida 
Inficar donates ndISSIamans per canlimetar. 
NnEl." dames frames per Its: 
"psi* denotes annum In pounds par aquas In&. 
"NW denotes data not avatatia 
Tar omen not measumel. 
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i PACKER TEST WATER QUALITY SUMIMARY 
KLWTD Injection WeD System 

Key L r̂go, Roriila 

IWI 
Packer Test NaS (straddle packer) 

start date: 
End date: 

1/29/2009 
1/29/2009 

Fhmmeter Total-Start (gaQ: 23,198 Open Hole Total Depth (feet bpl): 2,693 

Rowmeter Total- End (gal): n/a 24,386 Packer Depth biterrai (feet bpl): 2449-2477 
Average Test Pimping Rats (gpm): 4.0 Pump Setting Depth (feet bpl): 176X8 
Devetopment Duration (min): 392 Transducer Depth (bet bpl): 164.84 
Pump Test Duration (min): 
Static DTW for Test (feet apl): 

274 
14.10 

Pips and open hole volume: 3,60O*'2103 3487 gals. 
Maxbmim Drawdown (fSet): 79.86 

Date Time Elapsed 
Tbne 
(min) 

Pumping 
Rate 
(gpm) 

Total 
Volume 

(sal) 

Wstof 
Level 

(feet bpl) 

Temp^ 

(°C) 

Cond. 

(mS/bm) 

Chlorides 

(mgA.) 

Comments 

Development 
1/28/09 12:52 0 4.0 0 9.00 apl nIa n/a n/a Pumpon. begin development Transd At start 173.08 f t 
1/28/09 12:54 2 4.0 4 500 apl n/a n/a n/a Araiuhis: 23.69 ft. Packer press. 350 psL 
1/28/09 13:03 11 4.0 44 964 n/a n/a n/a Water cloudy. 
1/28/09 13:32 40 4.0 160 38.52 26.4 45.100 17,800 
1/28/09 14:12 60 4.0 280 5022 26.5 45,900 17.500 
1/28A)9 15:32 160 4.0 640 58.30 28.5 38,400 12,500 /Vnnulus: 23.78 f t Wtater v. doudy 

1/28n9 15:52 160 4.0 720 58.85 26.3 39,500 13.500 Increasa tato to 80 gpm. 

1/28A)9 ie.-3i 219 6.0 954 71.81 26.1 40,700 14.500 Annulus: 23.74 f t Water v. cloudy 

1/28«9 17:00 248 6.1 1,131 78.65 25.9 41.900 15.000 
1/28/09 17:35 283 60 1.365 82.94 26.3 43,700 15,000 Packers press: 345 psi./Vnnuhis: 23.83 f t 

1/28/09 18«7 315 5.9 1.554 86.55 25.9 44.400 15.500 

1/28A)9 18:40 348 6.0 1,752 89.93 26.0 45.600 15,500 Packera: 340 p^, Annulus: 23.83 f t 

1/28/09 19-20 386 6.0 1,992 90.45 262 44200 15,500 Adjust pumping rate for test to 4 gpm. 

1/28/09 19:24 392 4.0 Z008 n/a n/a n/a n/a Pump-off, begin pre-test recoveiy. 

Totalizer 23198 gals. 

Pump Test 
1/29/09 1:04 0 4.0 0 14.1 apl n/a n/a n/a End recovery, pump-oa Annuhis 24.07 f l 

1/29ra9 1:45 41 4.0 164 58.98 25.50 38,400 15.000 Packera prass: 330 psi. 

1/29«9 215 71 4.0 275 6122 25.90 39200 15.000 Annulus: 24.02 psL 

1/29/09 2:45 101 3.9 407 83.10 25.60 40,700 15.500 
1/29n9 3:15 131 4.0 517 63.60 26.40 43.400 17,500 Packers press: 320 psi. Water deaitngmp. 

1/29/09 3:45 161 4.0 622 63.99 26.20 43.900 17.500 Annulus: 23.95 psL 

i/2gre9 4:15 191 4.0 748 64.62 28.00 46.300 18.500 
1/^/09 4:45 221 4.0 663 64.86 28.40 47.000 18500 Packers press: 330 psi. 

iy29n)9 5:15 231 4.0 976 65.» 28.10 47.100 18.500 /\nnulus: 23.94 ft 

1/29/09 5:45 271 4.0 1.095 6523 25.90 47,300 18,500 ICoUeding lab. samples. Water dear 

1/29/09 5:48 274 4.0 1.108 n/a n/a n/a n/a Pump-off, begin recovery. Annulus- 23.86 f t 

1 1 
^Qpiiî  dsnotBS Q&QoRS p8f mlnutBL 
"ntrT dottolOT rrtmutss. 
tsst bpr donotDs tiBol below pad loveL 
*tott Apr dsnotos ftat fi&Qvo psd tovoi 
""C denotBs dBoreBS OBlcha. 
'̂ nStoiT dsnotss ntOBOonuins por coiQinotsr. 
r̂nQA.* dsnotss (niligiafns per titsr, 
p̂sT denotss pfBssitfB (n points per SQuare bwh. 

^iftT denotes data nol swaSabto: 
Tvnr denotes not maasuradi 
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Packer Test No. 5 (2449-2477 ft bpl) 

Drawdown Chart 
Q=: 4.0 gpm 
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KLWTD IW1 
Packer Test No. 5 (2449- 2477 ft bpl) 

Recovery Chart 
Q= 4.0 gpm 
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KLWTD IWI 
Packer Test No. 5 (2449- 2477 ft bpl) 

Recovery Chart 
Q= 4.0 gpm 
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ARCMS 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Well System 

Key Largo, Florida 

1W1 
Packer Test No.6 (straddle packer) 

Start date: 1/3012009 
End date: 1130/2009 

Flowmeter Total-Start (gal) : 23,203  

Rowmeter Total. End (gall: n/a 26,525 

Average Test Pumping Rate (gpm) : 4.0  

Development Duration (min): 236  

Pump Teat Duration (min): 332  
Static D1W for Test (feet apt): 12.44  

Open Kole Total Depth (feet bti) : 3,693 

Packer Depth Norval (feet bp1): 2594-2622 

Pump Setting Depth (feet bpl): 176.06  

Transducer Depth (feet bpi): 164.84  

Pipe and open hole volume: 3,814+220mi 4034 gals. 

Ilasintimi Drawdown (feet): 90.55 

Date ; Time I Elapsed 

Time 

(min) 

Pumping 

Rate 

(gpm) 

I Total 

Volume 

(gal) 

Water 

Level 

(feet bpi) 

Temp. 1 Cond. ' Chlorides 

I 

(°C) 1 (mS/cm) 1 (mg/L) 

Comments 

Development 
1/29/09 14:32 0 4.0 0 14.17 apl n/a i n/a j n/a Pump-on, begin development Packers: 360 psi. Ann: 24.47 

1/29/09 14:39 i 7 4.0 28 4.48 n/a n/a j n/a 

1/29109 15:00 I 28 4.0 112 38.20 28.1 i 47,400 
-i 

, 17,500 

20,000 

Annulus: 24.39 It 

1/29/09 15:32 1 60 4.0 239 56.38 26 1 51,900 Water v. si. Turbid. Annulus: 24.311t 

1/29/09 I 18.02 I 90 4.0 357 61.58 26 i 51.700 I 20,000 Annulus: 24.25 ft. 

1/29/09 1 18:32 I 120 4.0 478 83.09 26 j 51,900 I 20,000 Annulus. 24.21 R. 

1/29109 I 17:02 I 150 4.0 558 63.66 25.9 I 52.200 1 20,000 Annulus: 24.19 ft 

1/29/09 1 17:32 180 4.0 874 68.48 28 I 51,600 i 19,500 Annulus: 24.18 R. 

1/29109 18:02 1 210 4.0 796 65.90 26.1 51,400 19,500 Annulus: 24.17 ft. 

1/29/09 1 18:28 I 238 4.0 897 65.81 25.9 j 50,900 i 19,500 Pump-off, begin pre-test n3covery. Annulus: 24.18 ft. 

I Totalizer. gals. 

Pump Test 
1/30/09 0:30 0 4.0 0 12.44 apI n/a j n/a n/a Pump-on: annulus 24.61 ft, packers press: 320 psi. 

1/30/09 0:46 18 I 4.0 82 I n/a n/a n/a 

1/30/09 1:00 30 1 3.9 141 116.58 25.80 j 64,200 22,500 Annulus:24.49 ft. 

1/30/09 1:30 60 4.0 247 1 109.78 25.80 57,100 , 21,000 

1/30/09 200 90 I 4.0 384 101.40 25.70 53.800 20,000 Packers press. 330 psi 

1/30/09 230 120 4.0 476 I 100.40 26.00 j 51,600 19,500 Annulus: 24.39 ft. 

1/30/09 3:00 150 j 4 0 804 100.18 25.90 i 51,300 19,500 

1/30/09• 3:30 180 I 4.0 723 I 100.12 25.80 52,000 19,500 Packers press. 340 psi 

1/313/09 4:00 210 I 4.0 838 I 99.77 28.00 j 52,100 19,500 

1/30/09 4:30 240 I 4.0 958 I gg 68 26.20 52,300 19,500 Annulus: 24.37 ft  
1/30!09 6:00 270 I 4.0 1080 99 14 26.201 52,000 I 19,500 

1/30/09 5:30 300 4.0 1198 i 99.58 25.90 52,900 20,000 

1/30/09 8:00 330 4.0 1312 99.55 25.90 53,000 20,000 Annulus: 24.39 ft 

1/30/09 8:02 332 i 4.0 1,320 n/a n/a n/a n/a 

'gem' denotes gallons per minute. 
'min' denotes Mates. 
'feet ber denotes feet below pad level. 
'feet epr denotes feet above pad level. 
It• denotes degrees eattus. 
'm8/an' denotes menSiernans per centimeter. 
"mg/l• denotes m18grems per stet 
'per denotes pressure In pounds per square Inch. 
We` denotes data not available. 
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PACKER TEST WATER QUALITY SUMMARY 
KLWTD Injection Well System 

Key L^rgo, Florida 

IWI 
Packer Test No.6 (straddle packer) 

start date: 
End date: 

1/30/2009 
1/30/2009 

Flowmeter Total-Start (gal): 25,203 Open Hole Total Depth (foot l ip l ) : 3,693 

Rowmeter Total- End (gal): n/a 26.525 Packer Depth Interval (feet txfiS): 2894-2^2? 

Average Test Pumpbig Ftate (gpm): 4.0 Pump Setting Depth (ftot bpi): 178.08 

Development Duration (min): 236 Tran«hicer Dofrth (liBet lipl): 164J4 

Pump Test Duration (min): 332 Pipe and open hole volume: 3,814+220^ 4034 gals. 

Static DTW (brTest((BetapO: 12.44 mwrimiiw Orawttowm (fOeQ: 90J5 

Date • Tbne Elapsed 
Time 
(min) 

Pumpbtg 
Rate 
(gpm) 

Total 
Volume 

(gal) 

Water 
Level 

(fleet bpl) 

Temp. 1 Cond. 

1 
(°C) 1 (mS/cm) 

Chlorides 

(mg/L) 

Comments 

1/29/09 
Deve lopment 

1/29/09 1 14:32 1 0 4.0 I 0 14.17 apl n/a i n/a { n/a Pump-on, begin development Packers: 360 psi. Ann: 24.47 

1/29/09 1 14:39 i 7 4.0 1 28 4.48 n/a 1 n/a | n/a 

1/29/09 1 15:00 j 28 4.0 112 38.20 26.1 i 47.400 17,500 

20,000 

/Annulus: 24.39 ft. 

1/29/09 i 15:32 | 60 4.0 239 58.38 26 1 51.900 

17,500 

20,000 water V. sL TurbM. Annulus: 24.31 ft 

1/26/09 1 16.02 1 90 4.0 357 61.58 26 1 51,700 1 20,000 Annulus: 24.25 ft. 

M29m \ 16:32 120 4.0 478 63.09 26 i 51,900 { 20,000 Annulus. 24.21 ft. 

M29m 1 17:02 j 150 4.0 556 63.66 29.9 S2.200 j 20,000 Annulus: 24.19 ft 

1/28/09 17:32 1 180 4.0 674 ».48 26 51.600 i 10,500 Annulus: 24.16 ft 

1/28/09 18:02 1 210 4.Q 796 65.90 26.1 51.400 19,500 /Annulus: 24.17 ft. 

1/20/09 18:28 1 238 4.0 897 65.81 25.9 i so.goo 19,500 Pump.off, begin pre-test recoveiy. Annulus: 24.18 f l 

1 1 Totalizer gals. 

P u m p Tes t 

1/30/09 0:30 I 0 4.0 0 1 12.44 apl n/a 1 n/a \ n/a Pump-on: annulus' 24.61 f t packers press: 320 psi. 

1/30/09 0:46 16 4.0 82 1 n/a j n/a ! n/a 

1/30n)9 1:00 I 30 3.9 141 1 118.58 25.80 I 64,200 i 22,500 >\nnuius:24.49 ft. 

1/30/09 1:30 60 i 4.0 247 1 109.78 25.80 1 57.100 21,000 

1/30n)9 2:00 90 4.0 364 101.40 25.70 1 53.800 20,000 Packers presa 330 psi 

Mzom 230 120 4.0 478 1 100.40 28.00 1 51.600 19.500 Annulus: 24.39 ft. 

1/30/09 3:00 150 40 804 ! 100.18 25.90 1 51.300 19.500 

1/30/09 3:30 180 4.0 723 1 100.12 25.80 ! 52.000 19.500 Packers press. 340 psi 

1/30/09 4:00 210 4.0 836 1 99.77 28.00 i 52.100 19.500 

1/30M)9 4:30 240 I 4.0 998 I 9968 26.20 ! 52.300 19,500 Annulus: 24.37 ft 

1/30A>9 5:00 270 1 4.0 1080 ! 9014 26.20 ! 52.000 19.500 

1/30/09 5:30 300 { 4.0 1198 1 09.58 25.90 ; 52.900 20.000 

1/30/09 6:00 330 ! 4.0 1312 { 99.55 25.90 : 53,000 20.000 Annulus: 24.39 ft 

i/3ora9 6:02 332 4.0 1.320 1 n/a n/a ' n/a n/a 

*Bpnir denotes gsUons per mlmda. 

feet bpr denotes feet below pad level 
fbet epT Anotes feet ebova ped level 

denotes degrees eeldus. 
"rnS/cm" denotes rrdSSternars per oenltmster. 
tng/L* denotes milBgrams per Iter, 
"psf denotes pressure in pounds per stpjare bidL 
*n/e* denotes data rat availaUe. 
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ARCAD1S 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Well System 

Key Largo, Florida 

Start date: 4/1/2009 

NIVV1 
Packer Test No.7 (single packer) 

End date: 4/112009 

Flownieter Total-Start (gal) : 2810 Open Hole Total Depth (feet bpi) : 1,700 

Flowmeter Total- End (gal) : 21150 Packer Depth Interval (feet bpi): 1649-1700 

Average Test Pumping Rate (gpm) : 28.8 Pump Setting Depth (feet bpi): 174.84 

Development Duration (min): 483 Transducer Depth (feet bpi): 160.84 

Pump Test Duration (min): 720 Pipe and open hole volume: 2400+890= 2990 gals. 

Static DTW Before Test (feet api): 13.57 Maximum Drawdown (feet): 100.8 

Date Time Elapsed 

Time 

(min) 

Pumping 

Rate 

(91,111) 

Total 

Volume 

( WO 

Water 1 Temp. 

Level 

(feet aPlit4181 (°C) 

Cond. 

(/+S/cm) 

Chlorides 

(mgnj 

Comments 

Development 
3/31/09 15:00 I 0 -20  n/a Na Na Na Start air- lifting development Packer press. 
3/31/09 15:45 I 45 -20 ' -900 Na Na I rife Na Water brownish, clearing. Annulus WL 9.5 ft. 
3/31/09 16:45 I 105 -20 -2100 Na Na Na Na Muddy water again. 

3/31/09 17:30 150 -20 -3000 n/a Na i Na n/a Slighly clearing. Packer press. 320 psi. Add to 
350 psi. 

3/31/09 18:15 I 195 -20 -3900 Na 28.8 I 32,300 11,000 Slightly turbid. 
3/31/09 i 19:00 240 -20 -4800 n/a 26.9 32500 11,000 
3/31/09 19:45 28S -20 -5700 n/a 26.7 I 32300 11,000 

3/31/09 20:10 310 -20 -6200 Na 28.5 I 32400 
End air lifting development. Water only slightly' 

11,000 turbid. 

3/31/09 21:39 310 8 6,200 11.30 apt Na Na 
Start dev. with submersible pump (flow.tot 

Na 265170). 

3/31/09 21:53 324 20 6,350 43.77 Na Na Na Ann.: 11.93 ft. 

3/31/09 22:08 339 20 6,650 j 58.25 27.5 i 33,400 11,000 

3/31/09 22:39 370 20 6,950 64.15 Na Na rife Increase rate to 30 gpm 

22:50 381 Na Na 85.81 Na Na 
Stop pumping, have to replace flowmeter with

3/31/09 Na 
2-inch. 

3/31/09 23:05 381 Na n/a n/a Na Na n/a Resume pumping. Adjust rate to 25 gpm. 

3/31/09 23:15 391 25 7,200 84.85 27.3 32,900 11,000 

3/31/09 23:44 420 25 7,930 85.30 27.1 j 32,800 11,000 Ann.: 12.93 ft. packer 320 psi. 

4/1/09 0:14 450 28 8,700 88.00 26.9 j 32,800 11,000 Padcer320 psi. 

4/1/09 0:44 480 26 9,480 86.77 26.6 32,800 11,000 Packer350 psi. Ann.: 13.38 ft. 

4/1/09 0:47 26 n/a ilia n/a n/a 
Pump-off, start pre-test recovery. Packer 

n/a 
press. 350 psi. 

Pump Test 
4/1/09 4:00 0 30 I 0 13.55 apt Na j Na n/a iStart test pump-on; packer press. 340 psi. Ant 

4/1/09 4:30 30 27 820 78.38 27.4 32,800 11,500 !Packer press.: 330 psi, ann. WL 14.34 ft 

4/1/09 5:00 60 26 1,590 80.69 27.7 32,700 11,500 i 

4/1/09 5:30 90 26 j 2,300 82.28 27.3 32,700 11,500 j Packer press.: 350 psi, ann. WL: 14.62 ft 

4/1/09 8:00 120 27 I 3,110 82.96 27.6 32,800 11,500 

4/1/09 6:30 150 26 3,890 83.83 27.4 , 32,800 11,500 {Packer press.: 340 psi, ann. WL: 14.81 ft 

4/1/09 7:00 180 25 j 4,630 84.28 27.0 ' 32,700 11,500 1 

4/1/09 8:00 240 25 6,160 85.24 27.4 . 32,600 11,500 i Packer press.: 330 psi, ann. WL: 15.17 ft 

4/1/09 9:00 300 25 I 7,700 85.90 27.2 i 32,700 11,500 
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s PACKER TEST WATER QUALITY SUMMARY 
KLWTD Injection Well System 

Key L^rgo, Florida 

MW1 
Packer Test No.7 (single packer) 

Stait date: 4/1/2009 End date: 4/1/2009 

Flowmeter Total-Start (gal) 2810 Open Hole Total Depth (feet bpl): 1,700 

Flowmeter Total- End (gaO: 211S0 Packer Depth Interval (feet bpl): 1649-1700 

Average Test Pumping Rata (gpm): 2S.5 Pump Setting Depth (feet bpl): 174.84 

Development Duration (min): 483 Transducer Depth (faet bpl): 160.84 

Pump Test Ouratlon (min): TM _ Pipe and open hols volume: 2400^8903 2990 gals. 
Static DTW Before Test (feet apl): 13.S7 Maximum Drawdown {faet): 100.8 

Date Time Elapsed 
Time 
(min) 

Pumping 
Rate 
(gpm) 

Total 
Vdumo 

(gal) 

Water ; Temp. 
Level i 

(te^apVbpol (°C) 

ComL 

(pS/cm) 

ClUorldee 

(mgn.) 

Comments Pumping 
Rate 
(gpm) 

Development 
3/31/09 15:00 1 0 -20 0 n/a n/a n/a n/a Start air- lifUng devalopmenL Padter press. 
3131109 15:45 1 45 -20 -900 n/a n/a n/a n/a water brownish, dearlng. Annulus WL 9.5 fL 
3/31/09 16:45 j 105 -20 -2100 n/a n/a n/a n/a Muddy v«ater again. 

3/31/D9 17:30 1 150 -20 -3000 n/a n/a n/a n/a SItghty clearing. Packer press. 320 psi. Add to 
350 psl. 

3/31/09 18:15 1 195 -20 1 -3900 rVa 26.8 32,300 11,000 i Slightly tuitjid. 
3/31/09 I 19:00 i 240 -20 ! -4800 n/a 26.9 1 32500 11.000 1 
3/31/09 ! 19-.45 1 285 1 -20 -5700 n/a 26.7 ! 32300 11,000 1 

1 I 
3/31/09 I 20:10 310 

I 1 
-20 -6200 n/a 26.5 j 324(X) 11 000 ' ̂  """"^ development. Water only slightly 

IturtHd. 

3/31/09 21:39 310 1 8 6,200 { 11.30 apl n/a i n/a 1 Start dev. witi submersible pump (flow.toL 
i 265170). 

3/31/09 21:53 324 20 6,350 i 43.77 n/a I n/a n/a i/\nn.: 11.93 ft. 

3/31/09 22:08 339 20 6.650 j 5a25 27.5 1 33.400 11,000 i 

3/31/09 22:39 370 20 6,950 64.15 n/a 1 n/a n/a |lnciea8erateto30gpm 

3/31/09 22:50 381 n/a n/a 85.81 n/a I n/a 
1 Stop pumping, have to replace flowmeter with 

" '^ ;2-inch. 

3/31/09 23:05 381 n/a n/a n/a n/a j n/a n/a ' Resume pumping. Adjust rate to 25 gpm. 

3/31/09 23:15 391 25 7,200 84.85 27.3 \ 32,900 11,000 1 

3/31/09 23:44 420 25 7,930 85.30 27.1 ; 32.800 11,000 1Ann.: 12.93 ft, packer 320 psi. 

4/1/09 0:14 450 26 8,700 86.00 26.9 i 32,800 11,000 ;Pacfcer320p3l. 

4/1/09 0:44 480 26 9,480 86.77 26.6 j 32.600 11,000 i Packer3S0 psi. Ann.: 13.38 ft. 

4/1/09 0:47 483 26 j n/a n/a n/a i n/a 1 Pump-off, start pre-test recoveiy. Packer 
™* I press. 350 psl. 

Pump Test 
4/1/09 4:00 0 30 \ 0 13.55 apl n/a 1 n/a n/a i Start test pump-on; padcer press. 340 psl. An 

4/1/09 4:30 30 27 { 820 78.38 27.4 i 32,800 11.500 j Packer press.: 330 psi, ann.WL: 14.34 ft 

4/1/09 5:00 60 26 1,590 80.69 27.7 1 32,700 11.500 i 

4/1/09 5:30 90 26 1 2,300 82.26 27.3 i 32,700 11.500 {Packerpiess.: 350 psi, ann.WL: 14.62 ft 

4/1/09 6:00 120 27 1 3,110 82.96 27.6 ; 32.800 11.500 

4/1/09 6:30 150 26 1 3,890 83.63 27.4 ; 32,800 11,500 Packer press.: 340 psi, arm. WL: 14.81 ft 

4/1/09 7:00 180 25 ! 4,630 84.28 27.0 1 32,700 11.500 I 

4/1/09 8:00 240 25 6,160 85.24 27.4 32.6(K) 11.500 jPackerpress.: 330psl. ann.WL: 15.17 ft 

4/1/09 9:00 300 25 1 7,700 85.90 27.2 ; 32,700 11,500 
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CI ARCMS 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Well System 

Key Largo, Florida 

Start date: 4/1/2009 

PAW1 
Packer Test No.7 (single packer) 

End date: 4/1/2009 

Flowmeter Total-Start (gal) : 2810 Open Hole Total Depth (feet bpi) : 1,700 

Flowmeter Total- End (gal) : 21150 Packer Depth interval (feet bpi): 1849-1700 

Average Test Pumping Rate (gpm) : 25.5 Pump Setting Depth (feet bpi): 174.84 

Development Duration (min): 483 Transducer Depth (feet bpi): 180.84 

Pump Test Duration (min): 720 Pipe and open hole volume: 2400+590= 2990 gals. 

Static !NW Before Test (feet apl): 13.57 Maximum Drawdown (feet): 100.8 

Date Time Elapsed 

Time 

(min) 

Pumping 

Rate 

(gpm) 

Total 

Volume 

(9a) 

Water 

Level 

OM API) 

Temp. 

(°C) 

I Cond. i Chlorides 
, 

(PSkrm) ( 1-10/1-) 

i Comments 

4/1/09 10:00 I 360 26 9.210 86.15 27.2 32,800 11.500 Packer press.: 350 psi, MI. WL: 15.80 ft 

4/1/09 11:00 420 25 10,740 86.38 27.2 32,800 11,500 

4/1/09 12:00 480 25 i 12,310 86.88 27.2 32,700 j 11,500 Collecting water sample for the lab. 

4/1/09 13:04 544 25 13,850 87.23 27.3 32,600 11,500 Annulus: 18.67 ft. 

4/1/09 13:30 570 25 14,500 87.28 27.4 32,500 1 11.500 

4/1/09 14:00 600 26 15.250 87.55 Na Mr I. 11,500 Annulus: 17.23 ft., packer 330 psi. 

4/1/09 14:30 I 630 26 i 16,030 87.47 27.5 32,700 11,500 

4/1/09 15:00 660 28 16.780 87.91 Na Na 11,500 Annulus: 17.34 ft 

4/1/09 15:30 I 690 26 17,590 88.08 I 27.5 32,400 11.500 

4/1/09 j 15:55 I 715 26 Na Na 27.3 32,400 11,500 

4/1/09 16:00 
I  

I 
720 I 26 18,240 88.26

I  
Na Na n/a 

Annulus: . 17.51ft, packer 350 psi. Pump-off, 

 
start recovery. 

"gar denotes gallons. 

Npnr denotes gallons per minute. 

'min' denotes minute*. 

'feet her denotes feet below pad level. 

'feet apr denotes feet above pad level. 

"eC" denotes degrees celdus. 

"uS/cor denotes milliSiernans per cenitmeter. 

"mg/L-  denotes milligrams per liter. 

"psi" denotes pressure in pounds per square inch. 

"n/a° denotes data not available. 

"Mr denotes not measured. 

Static depth to water (MN) was measured just prior to pumping test startup. 
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iicis PACKER TEST WATER QUALITY SUMMARY 
KLWTD Injection Well System 

Key Largo, Florida 
MW1 

Packer Test No.7 (single packer) 
Start date: 4/1/2009 End date: 4/1/2009 

Flowmeter Total-Start (gal): 2810 Open Hole Total Depth (feet bpl): 1,700 
Flowmeter Total- End (gal): 211S0 Packer Depth Interval (feet bpl): 1649-1700 
Average Test Pumping Ftate (gpm): 2S.5 Pump Setting Depth (feet bpl): 174.84 
Development Duration (min): 483 Transducer Depth (feet bpl): 160.84 
Pump Test Duration (min): 720 Pipe and open hole volume: 240O4'S90a 2990 gate. 
Static DTW Before Test (feet apl): 13.57 IHaximum Drawdown (feet): 100.8 

Date Time Elapsed 
Time 
(min) 

Pumping 
Rats 
(gpm) 

Total 
Volume 

(gal) 

Water 
Level 

(ftetapt/bpl) 

Temp.! Cond. | Chlorides 
i i 

(°C) ; (|iS/cm) i (mg/L) 

Comments 

4/1/09 10:00 360 26 9,210 86.15 27.2 i 32,800 ! 11.500 ! Packer press.: 350 psl, ann. WU 15.80 ft 

4/1A)9 11:00 420 25 I 10.740 86.36 27.2 1 32,800 ] 11,500 ] 
4/1/09 12:00 480 25 1 12.310 86.86 27.2 32,700 j 11,500 CoDecting water sample for the lab. 

4/1/09 13:04 544 25 1 13,850 87.23 27.3 32,600 1 11,500 Annulus: 16.67 ft. 

4/1/09 13:30 570 25 ; 14,500 87.28 j 27.4 32.500 1 11.500 
4/1/00 14:00 600 26 ! 15,250 87.55 ! n/a n/a 11.500 /Vnnulia: 17.23 ft., packer 330 psi. 

4/1/09 14:30 630 26 ; 16,0a) 87.47 1 27.5 32.700 11.500 
4/1/09 1 15:00 1 660 j ffl 1 16.780 87.91 1 n/a n/a 11.500 /Vnnutus: 17.34 ft 

4/1/<» 1 15:30 j 690 i 28 ; 17,590 88.08 1 27.5 32.400 11.500 

4/1/M i 15:55 1 715 28 \ n/a n/a 27.3 32.400 11.500 

4/1/09 i 16:00 j 720 
\ \ • 

26 18,240 88.26 n/a n/a n/a Annulus: 17.51ft, packer 350 psi. Pump-off, 
start recovery. 

°gar denotes gallans. 
"yprii" denotes QaOons per minute. 
"min" denotes minute. 
"feetbpr denotes feet below pad level. 
leet afF denotes fOet atxivo pad level. 
"^C denotes deorees crHflius-

'tiSlenf denotes milliSlemaiis per cenitmeter. 
"mg/L* denotes milligrams per liter. 
"psi" denotes pressure in pounds per square inch. 
"n/e" denotes data not available. 
"IM/M* denotes not measured. 
Static depth to water (OTW) was measured just prior to pumping test startup. 
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KLWTD MW1 
Packer Test No. 7 (1649-1700 ft bpl) 

Drawdown Chart 
Or-26.6 gpm 
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KLWTD MWI 
Packer Test No. 7 (1649-1700 ft bpl) 
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KLWTD MW1 
Packer Test No. 7 (1649-1700 ft bpl) 

Recovery Chart 
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ARCADIS 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Well System 

Key Largo, Florida 

Start data: 412/2009 

MW1 
Packer Test No.8 (straddle packer) 

End date: 41212009 

Plowmen.  Total-Start (gal) : 45808 Open Hole Total Depth (feet bpi): 1,700 

Flowmater Total- End (gal) : 85400 Packer Depth Interval (feet bpi) 1434-1481 

Average Test Pumping Rate (gpm): 82.3 Pump Setting Depth (feet bpi): 174.84 

Development Duration (min): 357 Transducer Depth (feet bpi): 160.84 

Pump Test Duration (min): 481 Pipe and open hole volume: 2100420n 2520 gale. 
Static D1W Before Test (feet apt): 33.01 Maximum Drawdewn (feet): 85.01 

Date Time Elapsed 
Time 
(min) 

1 Pumping 
Rate 

69tITO 

Total 

Volume 

(gal) 

Water 

Level 
(feet  sPflbP6 

Temp. 

(°C) 

Cond. 

(µSion) 

Chlorides! 

(rlIA-) 

Comments 

Development • 

4/2/09 9:35 0 -150 0 Na Na Na Na 
Start air- lifting development Packer press. 350 
Psi- 

4/2/09 11:45 130 -150 19,500 Na 28.70 10.440 3,500 End air development. install pump. 
4/2109 12:45 130 94 Mt Na Na n/a Na Pump-on, resume development. 
4/2/09 13:00 145 88 20,775 27.68 28.40 10,460 3,500 Ann.: 8.2 It Pack. 360 Psi 
4/2(09 13:30 175 80 23.085 I 27.78 26.70 10,440 3,600 Ann.: 8.4 ft 
4/2/09 14:00 205 80 25,395 27.92 26.40 10,470 3,500 Ann.: 8.5 ft pack. 370  psi 
4/2/09 14:30 235 80 27,585 28.14 26.70 10.420 3.500 Ann.: 8.6 ft 
4/2/09 15:00 265 80 I 30,005 27.94 26.30 10.460 3,500 Arm.: 8.7 ft: pack. 370 psi 
4/2/09 15:30 295 79 31,920 28.50 28.7 10,440 3,500 Ann.: 8.8 ft: pack. 
4/2/09 16:00 325 79 35,060 28.72 26.3 10,440 3,500 Mn.: 9.0 fk pack. 3701)81 
4/2/09 16:30 355 79 37.370 2&72 28.10 10,420 3,500 Mn.:- 9.1 ft; pack. 370 psi 
4/2/09 16:32 357 I 79 37.540 Na rda Na Na Terminate development, pump-off. 

Pump rest 
4/2/09 21:20 0 88 0 32.95 apt. Na Na Na Pump-on, start test; ann: 9.93 it 

4/2/09 21:35 15 83 1,275 Na 26.7 10,380 3,500 

4/2/09 22:10 50 82 4,120 29.30 28.6 10,360 3,500 Ann.: 10.14 ft. 

4/2/09 22:42 82 82 6.850 30.08 26.6 10,280 3,500 Ann.: 10.29 ft. 

4/2/09 23:30 130 82 10,715 30.52 28.5 10,340 3,500 Ann.: 10.49 ft. 

412/09 0:45 175 82 14,510 30.78 26.6 10.250 3,500 Ann.: 10.75 ft. 

4/2109 1:00 220 83 18.200 30.92 26.2 10,350 3,500 Ann.: 11.03 ft. 

4/2109 2:00 280 82 23,150 31.00 28.0 10,350 3,500 Ann.: 11.37 ft 

4/2109 2:48 327 82 26,920 31.68 25.9 10,350 3,500 Arm.: 11.59 ft. 

4/2/09 3:30 370 82 30,460 31.59 28.0 10,340 3,500 Arm.: 11.78ft. 

4/2/09 4:15 415 83 34.230 31.52 25.9 10,330 3,500 Ann.: 11.92 ft. 

4/2/09 5:10 470 83 Na rda 28.1 10.310 3,500 Collect lab. Samples. 

4/2109 5:21 480 82 39,600 31.83 Na Na Na Pump-off, begin recovery. Mn. 12.12 ft. 

"gar denotes gallons. 
"gprif denotes gallons per rrdnute. 
"min" denotes minutes. 
'teat bpr denotes feet below pad level. 

apr denotes teat above pad level 
denotes degrees ceiclus. 

"uSlan" denotes milliSlernans per cenitmeter. 
"mg/L" denotes milligrams per liter. 
*psi" denotes pressure In pounds per square inch. 
Ws' denotes data not available. 
"New denotes not measured. 
Static depth to water (07W) V183 measured Just prior to pumping test startup. 
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start date: 4/2/2009 

PACKER TEST WATER QUALITY SUMMARY 
KLWTD Injection Weil System 

Key Largo, Florida 
MWI 

Packer Test No.8 (straddle packer) 
Enddals: 4/2/2009 

Ftowmslar TotaMUart (gai): 4580S Open Hole Total Detith (feet bpi): 1,700 

Flowmster Total-End (gal): 85400 Packer Depth Interval (feet bpl): 1434-1481 

Ayerage Test Pumping Rate (gpm): 82.3 Pump Setting l}epth (ftot bpQ: 174.84 
Developinent Ouratlon (mbi): 3S7 Transitu C8T Depth (faet bpi); ia>.84 

Pimip Test Duration (min): 481 Pipe and open hoto volume: 2100M20a2S20gals. 
Static DTW Betbie Test (feet apl): 33.01 Maxbmmt DfawUuwii (teet); 6&01 

Date Time Elapsed 
Tbne 
(mh) 

Pimiping 
Rata 
(gpm) 

Total 
Volume 

(gal) 

Water 
Level 

(feetapl/bpO 

Temp. 

(°C) 

Cond. 

(pS/cm) 

Chlorides 

(mgft.) 

Comments 

C levelopment 
9:35 0 -150 0 j n/a n/a n/a n/a Start air- lifting devetaisnenL Padcer press. 350 

psi. 
40/09 11:45 130 -150 19.500 n/a 2670 10,440 3,500 End air development instaO pump. 
4/2/09 12:45 130 94 n/a n/a n/a n/a n/a Pump-on, resune devalopmenL 
4/2/09 13:00 145 88 20,775 27.66 26.40 10,460 3,500 /\nn.: 8.2 ft; padt. 360 psi 
4/2A}9 13:30 175 80 23,085 27.78 28.70 10,440 3,600 film.: 8.4 ft. 
4/2^9 14:00 205 80 25,395 27.92 26.40 10,470 3.500 Ann.: &5 ft: padc 370 psi 
4/2/09 14:30 235 80 27,585 2a 14 20.70 ia420 3,500 Ann.:a6ft 
4/2/09 15:00 285 80 ^ 0 0 5 27.94 26.30 10.460 3,500 Ann.: &7 ft: pack. 370 psi 
4/2/09 15:30 295 79 31,920 2&S0 28.7 10,440 3.500 Ana: &8ft:pacl(. 
4/2/09 16:00 325 79 35.060 28.72 26.3 10,440 3.500 Ana: 9.0 ft; pack. 370 psi 
4/2/09 16:30 355 79 37,370 2a72 26.10 ia420 3,500 Ana: 9.1 ft; pack. 370 pd 
4/2/09 16:32 357 79 37.540 n/a n/a n/a n/a Terminate development pumiKiff. 

Pump Test 
4/2A}9 21:20 0 38 0 32.95 apl. n/a n/a n/a Pump-on, start test; arac 9.93 ft. 

40/09 21:35 15 83 1,275 n/a 26.7 10,380 3.500 

40A)9 22:10 50 82 4,120 29.30 26.6 10,360 3,500 Ana: 10.14 ft. 

4/2/09 22:42 82 82 6,850 30.08 
30.S2 

26.6 10,280 a500 Ana: 10.29 ft. 

4/2/09 23:30 1 130 82 ia715 

30.08 
30.S2 28.5 10,340 3,500 Am.: 10.49 ft. 

40A}9 0:45 i 175 82 14,510 30.78 26.6 10,250 3,500 Ana: 10.75 ft. 

40A)9 1:00 1 220 83 ia200 30.82 26.2 10.350 3.500 fim.: 11.03 ft. 

40/09 ZOO 280 82 23,150 31.00 26.0 10,350 3,500 Ana: 11.37 ft 

AI2m 2:48 327 82 26.920 31.66 25.9 10,350 3,500 Ann.: 11.59 a 

4/2/09 3:30 370 82 30,460 31.59 26.0 10,340 3,500 Ann.: 11.78ft. 

40/09 4:15 415 83 34.230 1 31.52 25.9 10,330 3,500 Ana: 11.92 ft. 

4/2/09 5:10 470 83 n/a I n/a 2&1 10.310 3,500 Collect lab. Samples. 

40/09 5:21 480 82 39.600 1 31.63 n/a n/a n/a Pump-off, begin nsooveiy. Ann. 12.12 ft. 

"gal* denotes gailons. 
'gprn* denotes gallons per mtnuta 
"min'* denotes minutes. 
leet bpT denotas teet below pad level. 
Ibet apr denotes (eat above pad level 
"^C denotes degrees oelrtus. 

"pS/bm* denotes milliSiemans per oviitiReter. 
"mgA." denotes mUHgrams per liter. 
"psT denotes pressure In pounds per st̂ uare indi. 
*n/ar denotes data not available. 
"N/MT denotes not measured. 
StaUe depth to water (OTW) was measured Just prtor to pumping test startup. 
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KLWTD NIWI 
Packer Test No. 8 (1434-1481ft bpi) 

Drawdown Chart 
Q=82.3 gpm 
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KLWTD MWI 
Packer Test No. 8 (1434-14S1ft bpl) 

Drawdown Ciiart 
Q-82.3 gpm 
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KLVVTD MW1 
Packer Test No. 8 (1434-1481ft bpl) 

Recovery Chart 
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ARCAD1S 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Well System 

Key Largo, Florida 

Start date: 4/6/2009 

MW1 
Packer Test No.9 (straddle packer) 

End date: 4/812009 

Flowmeter Total-Start (gal): 100330 Open Hole Total Depth (feet bpi): 1,700 

Flowmeter Total- End (gal): 118280 Packer Depth Interval (feet bpi): 1459-1486 

Average Test Pumping Rate (gpm): 78.0 Pump Setting Depth (feet bpi): 174.84 

Development Duration (min): 295 Transducer Depth (feet bpi): 160.84 

Pump Test Duration (min): 230 Pipe and open hole volume: 2120+340= 2450 gals. 

Static D7W Before Test (feet ad): 33.01 ISaxlmumbraviclown (feet): 78.03 

Date Time Elapsed 

Time 

(mM) 

Pumping 

Rate 

(9Pm) 

Total 

Volume 

(BM 

Water 

Level 

(feet aPubP0 

Temp. 

(°C) 

Cont. 

(raicm) 

Chlorides I Comments 

(m9/0 
Development 

4/8/09 3:05 I 0 -100 0 Na Na I Na nla I Start air- lifting development. Packer press. 370 psi. 
4/8109 3:35 I 30 -100 3,000 Na Na n/a Na Water clearing-up. 
4/8109 3:55 I 50 -100 5,000 Na  25.9 17,660 5,500 I Padcer press.: 350 
4/6/09 4:25 80 -100 8,000 n/a 25.7 17,840 5.500 

4/8/09 4:45 100 100 10,000 n/a 25.5 17,900 5,500 End air lifting devalopmentinstall submersible pump. 

4/6/09 5:57 100 95 10.000 28.91 apt. Na n/a _Na Begin pump development. Ann.: 12.85 ft. 
4/6/09 8:07 110 95 10.900 51.15 n/a Na n/a Packers press. : 330 psi 

4/8/09 8:25 128 93 12,670 48.97 28.4 18,030 5,500 80 gp 
Ann.:12.98 ft 

m
, packer.330 psi. Lower rate to approx. 

4/8109 6:55 158 66 14,880 47.19 296 18,010 5,500 Ann.: 13.07 ft. 
4/6/09 7:31 194 82 17.900 47.42 26.8 18,050 6,000 Ann.:13.16 ft. p3cker320 psl. 
4/6/09 8:00 223 81 20,280 47.60 28.5 18,090 6,000 Ann.:13.21 ft, packer.320 psi. 
4/8/09.  930 253 81 22,700 47.74 26.6 18,080 6,000 Ann.: 13.24 ft. 
4009 9:00 283 80 Na n/a 26.6 18,100 6,000 Packers press.: 320 psi 

4/6/09 9:12 295 n/a 28,500 48.07 Na Na Na Pump-off, begin pre-test recovery. Ann.: 13.30 ft. 

Pump Test 

4/8/09 15:02 0 84 0 28.65 ad. Na Na Pump-on, start test ann: 14.26 ft. 

4/8109 15:42 40 80 3,220 48.02 27.0 18,090 6,000 Ann.: 14.50 ft, packers: 350 psi. 

4/6109 18:40 98 80 7,890 46.81 28.8 18,100 6,000 Arm.: 14.71 ft. 

4/6/09 17:25 143 80 11,490 I 48.84 26.7 18,090 6,000 Ann.: 14.94 ft. 

4/6/09 18:15 193 78 15,390 I 47.32 26.5 18,050 6,000 Ann.: 15.11 ft. Packers: 340 psi. 

4/8/09 18:52 230 77 18,235 47.39 n/a n/a Na Pump-off, begin recovery. Mn. 16.25 ft. 

"gat denotes gallons. 
'gnat' denotes gallons per nenute. 
'min' denotes minutes. 
'Met bpr denotes feet below pad level. 
"feet apr denotes feet above pad level. 
It" denotes degrees celcius. 

"uSiern" denotes riviliSlemans per cenitmeter. 
"ma" denotes milligrams per liter. 
'psi' denotes pressure In pounds per square Inch. 
"nit( denotes data not available. 
'WAR' denotes not measured. 
Stalk depth to 'elder (DM) was measured just prior to pumping teat startup. 
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PACKER TEST WATER QUALITY SUMMARY 
KLWTD Injection Well System 

Key Largo, Florida 

Packer Test No.9 (straddle packer) 

start date: 4/6/2009 End date: 4/6/2009 

Flowmeter Totet-Start (gal): 100330 Open Note Total Depth (faet bpl): 1,700 

Flovirmeter Total- End (gal): 118280 Packer Depth Interval (feet bpi): 1469-1486 

Average Test Pumping Rate (gpm): 78.0 Pump Setting Depth (feet bpQ: 174.84 

Development Ouratlon (min): 295 Transducer Depth (feet bpl): 160.84 

Pump Test Ouratlon (min): 230 Pipe and open hole volume: 21201-340= 2450 gals. 
Static DTW Before Test (feet apl): 33.01 BtaximufirttraMRfciHm (faet): 76.03 

Date Time Elapsed 
Tbne 
(min) 

Pumplfig 
Rate 
(gpm) 

Total 
Volume 

(gao 

Water 
Level 

(feetapl/bpO 

Temp. 

fa 

ComL 

(iiS/cm) 

Chlorktes 

(mgAJ 

Comments 

Develo pment 
4/6/09 a os I 0 -100 0 i n/a n/a n/a n/a Start air-oning development Padter press. 370 psi. 
Aiem 3:35 1 30 -100 3,000 n/a n/a n/a n/a Water dearing-up. 
4/6/09 3:55 1 50 -100 5,000 n/a 25.9 17.660 5,500 Packer press.: 350 
4/6/09 4:25 i 80 -100 8,000 n/a 25.7 17,840 5,500 

4KI09 4:45 100 100 10,000 n/a 25.5 17,900 5.500 End atr lifting development.lnstaII submersible pump. 

Aism 5:57 100 95 10,000 26.91 apl. n/a n/a n/a Begin pump development Ann.: 12.85 ft. 
4/BA)9 e.07 110 95 10,900 51.15 i n/a n/a n/a Packers press.: 330 psi 

4/6^9 6:25 128 93 12,670 46.97 2a4 18,030 5,500 /\nn.:12.98 f t packer.330 psi. Lower rate to approx. 
80 gpm 

4/8^9 6:55 158 86 14.880 47.19 ffl.6 1 18,010 5,500 Ana: 13.07 ft. 
7:31 194 82 17.900 47.42 28.6 1 laoso 6,000 Ann.:13.l6 f t packer320 psl. 

4/6/09 8:00 223 81 20.280 4760 2a5 1 18,090 6,000 /\na:13.21 f t packer320 psi. 
4/8ra9 8:30 253 81 22,700 47.74 26.6 18.080 6,000 Ana: 13.24 ft. 
416109 9:00 283 80 n/a n/a 26.6 18,100 6,000 Packets press.: 320 psl 

416109 9:12 295 iVa 28,500 48.07 n/a n/a n/a Pump-off, begin pre-test recovery. Ann.: 13.30 ft. 

Pump Test 
416109 15:02 0 1 84 0 2&65apL I n/a 1 n/a Pump-on, start test ann: 14.26 ft. 

4/6/09 15:42 40 I 80 3,220 46.02 27.0 18,000 6,000 Am.: 14.50 ft, packers: 360 psi. 

4/6/09 16:40 98 80 7,890 1 46.61 26.8 18,100 I 6.000 Arm.: 14.71 ft. 

416109 17:25 143 80 11,490 46.84 26.7 18,090 6,000 Ann.: 14.94 ft. 

4/6/09 18:15 193 78 15,390 { 4732 26.5 18,050 6,000 Ann.: 15.11 ft. Packers: 340 psL 

4/e/<» 18:52 230 77 18,235 1 47.39 n/a n/a n/a Pump-off, begin recovery. Am. 15.25 ft. 

"gar denotes gallons. 
"gpnl" denotes gallons per mlnuta 
"minT denotes minutes. 
teet bpr danetes teet below pad lavel. 
feet apr denotes fOel above pad level. 
^C" dftftfttttf dflgrftflft ff^Wiis 

"ftS/cm" denotes ndliSlenians per catilUiieter. 
" m ^ " denotas nf lOgrams per ater. 
"psf denotes pressure In pounds per square Ineh. 
"n/aT dartolas data not availabia 
"M/M" denotes not measiaed. 
Staiio deptti to water (DTW) was measured just prior to pumping test startup. 
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KLWTD MW1 
Packer Test No. 9 (1469-1486ft bpl) 

Drawdown Chart 
Q=78 gpm 
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KLWTD ml^ 
Packer Test No. 9 (1469-1486ft bpl) 

Drawdown Ciiart 
Q=78 gpm 
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KLWTD MW1 
Packer Test No. 9 (1469-1486 ft bpi) 

Recovery Chart 
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KLWTD ilAWI 
Packer Test No. 9 (1459-1486 ft bpl) 

Recovery Ciiart 
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ARCADIS 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Well System 

Key Largo, Florida 

MW1 
Packer Test No.10 (straddle packer) 

Start date: 4/712009 End date: 4172009 

Flowmeter Total-Start (gal): 129600 Open Hole Total Depth (feet bpi): 1,700 

Flowmeter Total- End (gal): 153930 Packer Depth Interval (feet bpi): 1489-1516 

Average Test Pumping Rate (gpm): 66.7 Pump Setting Depth (feet bpi): 174.84 

Development Duration (min): 220 Transducer Depth (feet bpi): 180.84 

Pump Test Duration (min): 385 Pips and open hale volume: 2160+250- 2410 gals. 

Static DTW Before Test (feet api): 27.23 MetImtml Drawdown (feet): 108.67 

Date Time j Elapsed 

Time 

(min) 

Pumping 

Rate 

(gpm) 

Total 

Volume 

(gal) 

Water 

Level 

(feet apl/bpl) 

Temp. 

(°C) 

Cond. Chlorides 

(4/cm) (mg/i..) 

Comments 

Development 
4/7/09 2:05 0 -100 0 Na Na Na I Na Start air- lifting development. Packer press. 320 psi 
4/7/09 255 50 I -100 -5,000 Na 25 20000.000 7000 Water still turbid. 
4/7/09 I 3:40 95 I -100 9.500 n/a 24.5 20.000 7,000 Water clearing. Terminate air lifting. Installing pump. 

4/7/09 4:45 95 1 85 9,500 7.40 apt. Na Na Na Pump-on, resume development. Ann.: 11.99 ft. Paden: 360 
Psi• 

4/7/09 4:50 100 I 80 10,050 70.38 28.1 20,100 7,000 
4/7/09 5:20 130 1 80 12,320 64.03 25 20,100 7,000 Ann.: 12.28 
417109 5:50 180 78 14,530 63.66 25.5 19,910 6,500 Ann.: 12.37, packers: 340 psi. 
4/7/09 8:20 190 78 18,910 63.65 25.7 19,760 6,500 Ann.: 12.85 ft. 
4/7/09 8:50 I 220 I 78 19,050 63.76 25.8 19,770 6,500 Adjust rate to approx 70 gpm. Pump-off, begin recovery. 

Pump Test 
4/7/09 11:39 0 69 0 27.23 apt. n/a Na Pump-on, start test ann: 13.18 ft. 

4/7/09 11:58 17 87 1.150 Ne 28.1 19,620 7,500 Packers: 330 psi. 

4/7/09 12:42 83 88 4,300 80.11 25.7 19,500 7,500 Ann.: 13.23 ft 

4/7109 13:18 99 87 8,920 80.50 25.8 19,270 7,500 !Arum 13.27 R. 

477/09 13:52 133 67 9,200 80.88 25.8 19,330 7,500 ;Packers: 320 psi 
4/7/09 14:37 178 87 12,200 81.12 25.7 19,390 7,500 Ann.: 13.38 ft. 

4/7109 14:58 199 67 13,810 81.26 25.4 19,260 I 7,500 !Packers press.: 320 psi. 
4/7/09 15:32 233 87 I 16,090 81.45 25.6 19,140 7,250 !Ann.: 13.80 R. 

4/7/09 18:10 271 I 87 18,640 81.60 25.8 19,120 7,250 !Ann.: 13.78 ft Packers: 330 psi 

4/7/09 18:57 318 I 67 21,190 81.50 25.7 19,070 7,250 I 
4/7/09 17:42 383 66 24.200 81.36 25.8 19,090 7,250 ICollecting lab. Sample. 

417109 17:44 385 88 24,330 n/a n/a n/a ilia IPump-off, begin recovery. Ann.:113.99 ft. 

"gar denotes gmlons. 
W m' denotes gallons per minute. 
'min-  denotes minutes. 
-feet bpr denotes feet below pad level. 
'feet apr denotes feet above pad level. 
**C' denotes degrees gelds& 

"A/an" denotes miiniemans per cenitmeer. 
"men: denotes nalagrams per abet 
"par denotes pressure In pounds per square Inch. 
"We denotes data not mutable. 
NW denotes not measured. 
Static depth to water (1)7W) was measured just prior to pumping test startup. 
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PACKER TEST WATER QUALITY SUMMARY 
KLWTD Injection Well System 

Key Largo, Florida 

RflWI 
Packer Test No.10 (straddle packer) 

start date: 4/7/2009 End date: 4/7/2009 

Fkmrmeter Total-Start (gal): 129S00 Open Hole Totel Depth (feet bpi): 1,700 

Fknwmetsr Total- End (gal): 163930 Packer Depth Interval (faet bpl): 1489-1318 

Average Test Pumping Rate (gpm): 68.7 Pump Setting Depth (feet bpl): 174.84 

Development Duration (min): 220 Transducer Depth (feet ItpO: 160.84 

Pump Test Duration (mIn): 365 Pipe and open tiole volume: 216O4'280'3410 gals. 
Static DTW B ^ r e Test (feet apl): 27.23 nSaximum Drawdown (feet): 108.67 

Date Time Elapsed 
Time 
(mm) 

Pumpittg 
Rate 
(gpm) 

Totel 
Volume 

(gal) 

Water 
Level 

(feet api/bpl) 

Temp. 

(°C) 

ContJ. 

(|iS/cm) 

Chlorides 

(mgrt.) 

Comments 

Development 
4/7/09 2:05 0 -AOO 1 0 n/a n/a n/a n/a Start air-lifting developmenL Packer presa 320 psl 
4/7/09 2:55 SO -100 1 -S.000 n/a 25 20000.000 7000 Water stiilhjtbid. 
4/7/09 3:40 95 -too 1 9.500 n/a 24.5 20.000 7,000 water dealing. Terminate air lifting. Installing pump. 

4/7/09 4:45 95 85 9,500 7.40 apl. n/a n/a n/a Pump-on, resume development Ann.: 11.89 ft. Packets: 360 
psi. 

4/7/09 4:50 100 i 80 10,050 70.36 26.1 20,100 7,000 
4/7/09 5:20 130 80 12,320 84.03 25 20,100 7,000 Ann.: 12.28 
4/7/09 5:50 160 78 14,530 63.66 2S.5 19,910 6,500 Ann.: 12.37, packers: 340 psi. 
4/7/09 6:20 190 78 16,010 1 63.65 25.7 19,760 6,500 Ann.: 12.63 ft. 
4/7/09 6:50 220 78 19,050 1 63.76 25.6 19,770 6,500 Adjust rate to approx 70 gpm. Pump-off, begin recovery. 

Pump Test 
4/7/09 1 11:39 0 69 0 1 27.23 epi. n/a n/a Pump.on, start test; ann: 13.18 ft. 
4/7/09 1 11:56 17 67 1.150 n/a 28.1 19.620 7,500 Packers: 330 psi. 
4/7/09 1 1242 63 68 4,300 80.11 25.7 19.500 7,500 Am.: 13.23 ft. 
4/7/09 13:18 09 87 6.920 80.50 25.8 19,270 7,500 {Ann.: 13.27 ft. 
4/7/09 13:52 133 67 9,200 80.86 25.6 19.330 7,500 {Packers: 320 psi. 
4/7/09 14:37 178 67 12.200 81.12 25.7 19,390 7,500 {Ann.: 13.38 ft. 
4/7/09 14:58 169 67 13.810 81.28 25.4 19,260 7,500 {Packers press.: 320 psi. 
4/7/09 15:32 233 1 67 16,090 81.45 25.6 19,140 I 7.250 'Ann.: 13.60 ft. 
4/7/09 16:10 271 1 87 18.640 81.60 25.8 19.120 ! 7,250 jAnn.: 13.76 ft. Packers: 330 psi. 
4/7/09 16:57 316 1 67 21,190 81.50 25.7 19,070 i 7,250 1 
4/7/09 17:42 363 i 68 24.200 81.36 25.6 19,090 1 7,250 {Collecting lab. Sample. 
4/7/09 17:44 363 i 66 24.330 n/a n/a n/a 1 n/a {Pump-off, begin recovery. Ann.:il3.99 ft. 

"gar denotes ealans. 
"gpm" denotes gelons per mhute. 
"I nil I" denotes minutes. 
"feet IrpT denotes fbet below pad levisL 
faet apr denotes IM above pad leveL 
^%" denotes degrees ceUus. 

"itS/fem" denMes niillSenians per cenSmeter. 
"mg/L" denotes mISgrsms par aer. 
"par denotes pressure In pounds per iquare hen. 
*n/ar denotes data not avalaUe. 
"N/ir denotes not measured. 
Static depth to water (DTW) was meesured lust prior to pumping test startup. 
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KLWTD MW1 
Packer Test No. 10 (1489-1516ft bpl) 

Drawdown Chart 
Q=66.7 gpm 
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KLWTD MWI 
Packer Test No. 10 (1489-1S16ft bpi) 

Drawdown Chart 
Q=66.7 gpm 
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KLWTD MW1 
Packer Test No.10 (1489-1516 ft bpl) 

Recovery Chart 
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Packer Test No.10 (1489-1516 ft bpi) 

Recovery Chart 
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ARCAD1S 
PACKER TEST WATER QUALITY SUMMARY 

KLWTD Injection Well System 

Key Largo, Florida 

MW1 
Packer Test No.11 (single packer): development only. 

Start date: 4/10/2009 End date: 4/10/2009 

Flowmeter Total-Start (gal): Na Open Hole Total Depth (feet bpi): 1,755 

Flowmeter Total- End (gal): Ala Packer Depth Interval (feet bpi): 1689-1755 

Average Test Pumping Rate (gpm): nfa Pump Setting Depth (feet bpi): 174.84 

Development Duration (min): 667 Transducer Depth (feet bpi): 160.84 

Pump Test Duration (min): Na Pipe and open hole volume: 25604500 2810 gals. 

Static MN Before Test (fest apl): nla Maximum Drawdown (feet): nh 

Oats Tiny Elapsed 

Time 

(rdil) 

Pumping Total 

Rate , Volume 

(lion) (gal) 

Water 

Level 

(feet MilbP) 

Temp. 

(°C) 

f Cond. 

(141Cm) 

Chlorides 

(Infl/I) 

Comments 

Development 
4/10/09 4:07 0 -20 0 39.03 Ws Na rile Start air- lifting development. Packer press. 360 pat 

4/10/09 4:35 28 -10 -400 138.14 rile : Na Ma Water brownish. thick with mud. 

4/10/09 9:00 293 '10 -2700 Na Na Na Na 
Muddy water, decided to install pump and 
transducer. 

4/10/09 10:04 293 -15 -2700 ila Na Na Na Pump-on, resume development Ann.: 13.37 ft. 

4110109 10:18 305 5.0 2,800 rile Na rile Na Stabilized pump rate at 5 gpm, monitor drawdown. 

4/10109 10:36 325 5.3 2,900 108.71 25.3 21.550 5,500 Water brovatish, still thick with mud. 
4/10/09 
-.1/16/0-9 

11:30 379 5.5 3,180 112.84 25 23,280 7,000 Mn.: 13.42. ft. packer: 405 psi. 
11:58 407 5.6 3,335 110.03 24.9 26,120 9,500 Water brownish, still thick with mud. 

4/10109 12:27 436 5.6 3,410 111.57 I Na Na Na Increase rate to 9 gpm, motto' dravalown. 

4/10/09 12:56 485 8.9 3,660 132.95 25.7 30,300 10,500 Water clearing. Partly formation water. 

4/10109 13:17 486 6.7 3,700 138.74 Na Ala Na 
Start data collection. Mostly formation water, still v. Start 

4/10/09 13:27 496 8.6 3,765 Na 26.3 31,500 11,000 Dark gray, turbid. 
4/10109 
4/10/09. 

14:10 539 . 8.5 4,050 139.94 26.5 32.300 11,750 Ann.: 13.41. ft, packer: 405 psi. 

14:36 585 I 6.5 4,220 141.00 26.9 32,400 11,750 Light gray, moderately turbid. Ann.: 13.41 

4/10/09 , 14:38 567 Na 4,235 Na Na rile Na Pump-off. begin recovery. 
"gar denotes gallons. 
"gprn• denotes galas per rararte. 
'mln' denotes minutes. 
"feet bpr denotes feet below pad level. 
lest apr denotes feet above pad level. 
.°C" denotes degrees celdua 

-µSicm* denotes naliSiernans per cendinster. 
"ing/I: denotes rrdligrams per liter. 
*psi" denotes pressure In pounds per square Wed 
We" denotes data not avalltdge. 
"NW denotes not measured 
Stott depth to vaster (DTW) was measured Just prior to pumping test startup. 
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IS PACKER TEST WATER QUALITY SUMMARY 
KLWTD Injection Well System 

Key Laigo, Florida 

MW1 
Packer Test No.11 (single packer): development only. 

start date: 4/10/2009 End date: 4/10/2009 

Flotmneter Totel-Start (gal): nfa Open Hole Totel Depth (feet bpl): 1.7SS 
Flowmeter Total- End (gal): nta Packer Depth Intenral (faet bpl): 1699-17SS 
Average Test Pumping Rate (gpm): n/a Pump Setting Depth (feet bpQ: 174.84 
Development Duration (min): 667 Transducer Depth (feet bpl): 160.84 
Pump Test OuraUon (ntbi): n/a Pipe and open hoto volume: 2S60»»0>2810galL 
Static DTW Before Test (feet apl): nfa Maximum Drawdown (fbeQ: n/a 

Date Tbne Elapsed 
Time 
(min) 

Pumping 
Rate 
(9Pn>) 

Total 
Volume 

(gal) 

Wttar 
Level 

(IMapVbpl) 

Temp. 

(°C) 

Cond. 

(pS/cm) 

Chlorides 

(mg/li 

Comments 

Jevetopnnent 
Anom 4:07 0 -20 0 39.03 n/a n/a n/a Stait air-lifting daveftjpmenL Packer press. 360 psi. 

4/10/09 4:35 28 -10 -400 138.14 n/a n/a n/e Water brawnish, thick wHh mud. 

4110109 9:00 293 10 -2700 n/a n/a n/a n/a Muddy water, deckled to install pump and 
transducer. 

4110109 1ft04 293 -15 -2700 n/a n/a n/a n/a Pump-on, resume devetopmenL Ana: 13.37 ft. 

4/10/09 10:16 305 5.0 2,000 n/a n/a n/a n/a .Stebilbed pump rate at 6 gpm, monilor drawdown. 

4/10/09 10:36 325 5.3 2,900 1(».71 25.3 21,550 5,500 Water brewnisti, still thick with mud. 
4/10/09 11:30 379 5.5 3̂ 180 112.64 25 23,280 7,000 Ana: 13.4^ ft, packer 405 psL 
4/10109 11:58 407 5.6 3,335 r 110.03 24.9 26.120 9,500 Water brawnish, stD thick wfth mud. 
4/10/09 12:27 438 6.6 3,410 111.57 n/a n/a n/a Increase rate to 9 gpm, monttor drawdowa 
4110109 12:56 4 ^ 6.9 3,660 132.95 25.7 30.300 10,500 Water deaHng. P«tly fbnnatkHi water. 

4110109 13:17 466 6.7 3,700 138.74 n/a nfti n/a Start date coOecUan. Mostly fonnation water, still V. 
doudy. 

4/10/09 13:27 496 6.6 3.765 n/a 2&3 31,500 11,000 Oaikgray.turbM. 
4/10/09 14:10 539 6.5 4,050 139.94 28.5 32.300 11,750 Am.: 13.41. ft, packer 405 psL 
4/10/09 ' 14:36 565 6.5 4,220 141.00 2a9 32.400 11.750 Ught gray, mcderately tuibkl. Am.: 13.41 
4110109 14:38 567 n/a 4,235 n/a n/a n/a n/a Pump-ofT, begin recovefy. 

"gar denotes gsltona. 
"gptnr denotes gailons per mbiuta 
"min" denotes minutes, 
"toet bpr denotes feet behMr pad level 
* M apr denotes feet above pad level. 
^ denotes degrees oeldus. 

"p5/cm" rienotas mmSlernans per oenitmatar. 
"mgfL* denotas ndOyiajtis per Rter. 
npsf denoles pressure in pountts per sousm incii. 
"n/ar denotes data not available. 
"M/ir denotas not measured 
Static depth to reatar (DTW) was measured Just prior to pumping test startup. 
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KLWTD MW1 
Packer Test No. 11 (1699-1755 ft bpl) 

Drawdown Chart 
Q=6.5 gpm 
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Q=6.5 gpm 

• 
• • • • 

** •< 
* -

• 
r b 

' * 

• 

« 
*, 

# 

• » 
1 > 

L, 

* 
< 

• 
1 
i r 

- - - -

0.1 1 10 
Time (minutes) 

100 

\\FI6lp\dataMPn)iect8\WR\WF PROJECTSMSeOOO-KEY LAROO IWIUnJecUan WeinConstruction 0versigtit\UW1 DataUIWI Packer TeststPT «11\PT«11 OetaSChansUlW PT11 DO ids 



a 

3 
3
3
, 

GO 

80 

1 10 0.1 100 0.01 1000 

KLWTD MW1 
Packer Test No. 11 (1699-1765 ft bpl) 

Recovery Chart 
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KLWTD KAWI 
Packer Test No. 11 (1699-1765 ft bpl) 
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Appendix D 

Surficial Aquifer Pad Monitor Well 

Data; Technical Memorandum with 

Mechanical Integrity Results 

Appendix D 

Surficial Aquifer Pad Monitor Well 
Data; Technical Memorandum with 
Mechanical Integrity Results 



Summary of Water Table Monitor, Water Quality Data 
KLWTD Injection Well System, Key Largo, Florida 

Well 
Location 

TOC 
Elevation 

Date Depth to 
Water 

Water Level 
Elevation 

Temperature Conductivity Chloride 

(feet msl) (feet b.to.c.) (feet msl) (°C) (uS/cm) (mq/L) _. 

PMW-1 

T.D.: 16.3 

(feet btoc) 

7.02 10/31/08 7.00 0.02 27.6 42,500 16,500 

11/14/08 6.95 0.07 26.5  45,900 18,500 

11/23/08 7.52 -0.50 24.7 43,200 17,000 

PMW-2 

T.D.: 18.0 

(feet btoc) 

7.05 10/31/08 6.87 0.18 27.1 40,600 18,500 

11/14/08 6.99 0.06 26.1 40,400 15,500 

11/23/08 7.58 -0.53 25.2 39,900 15,000 

PMW-3 

T.D.: 15.0 

(feet btoc) 

4.68 10/31/08 5.38 -0.70 28.2 41,200 17,000 

11/14/08 4.73 -0.05 25.6 42,600 17,500 

11/23/08 5.24 -0.56 25.1 41,400 17,000 

PMW-4 

T.D.: 14.2 

(feet btoc) 

4.65 10/31/08 5.02 -0.37 27.3 41,700 18,500 

11/14/08 4.72 -0.07 26.4 42,300 18,500 

11/23/08 5.18 -0.53 25.5 40,800 18,000 
1 

"btoc" denotes "below top of casing" 
'feet mai" denotes feet relative to mean sea level 
""C" denotes degrees Celsius 
"rnS/cm" denotes microSiemens per centimeter 
"AWL" denotes milligrams per Liter 
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Summary of Water Table Monitor, Water Quality Data 
KLWTD Injection Well System, Key Largo, Florida 

Weii 
Location 

TOC 
Elevation 

Data Depth to 
Water 

Water Level 
Elevation 

Temperature Conductivity Cliiorlde 

(feet msl) (feet b.to.c.) (feet msl) (*t) (uS/cm) ImalL) 

PiMW-l 

T.D.: 16.3 

(feet btoc) 

7.02 10/31/08 7.00 0.02 27.6 42,500 16.500 PiMW-l 

T.D.: 16.3 

(feet btoc) 

7.02 

11/14/08 6.95 0.07 26.5 45,900 18,500 

PiMW-l 

T.D.: 16.3 

(feet btoc) 

7.02 

11^3/08 7.52 -0.50 24.7 43,200 17.000 

PiMW-2 

T.D.: 16.0 

(feet Ijtoc) 

7.05 10/31/08 6.87 0.18 27.1 40,600 18,500 PiMW-2 

T.D.: 16.0 

(feet Ijtoc) 

7.05 

11/14/08 6.99 0.06 26.1 40,400 15,500 

PiMW-2 

T.D.: 16.0 

(feet Ijtoc) 

7.05 

11/23/08 7.58 -0.53 25.2 39,900 15,000 

PiVIW-3 

T.D.: 1S.0 

(feet btoc) 

4.68 10/31/08 5.38 -0.70 28.2 41,200 17,000 PiVIW-3 

T.D.: 1S.0 

(feet btoc) 

4.68 

11/14/08 4.73 -0.05 25.6 42,600 17,500 

PiVIW-3 

T.D.: 1S.0 

(feet btoc) 

4.68 

11/23/08 5.24 -0.56 25.1 41,400 17,000 

PiVIW-4 

T.D.: 14.2 

(feetlrtoc) 

4.65 10/31/08 5.02 -0.37 27.3 41.700 18,500 PiVIW-4 

T.D.: 14.2 

(feetlrtoc) 

4.65 

11/14/08 4.72 -0.07 26.4 42,300 18,500 

PiVIW-4 

T.D.: 14.2 

(feetlrtoc) 

4.65 

11/23/08 5.18 -0.53 25.5 40.800 18.000 

"btoc* denotes "below top of casing* 
feet msl" denotes feet relative to mean sea level 
'°C* denotes degrees (Msius 
"mS/cm" denotes microSiemens per centimeter 
*pg/L* denotes milligrams per Liter 
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11/3ii, 2008 23:08 305-5984027 AQUA TERRA SOLUTIONS 

WELL PERMIT N 
SFWMD WATER USE PERMIT NO.  

oltra;tore iloature 

TYPE OF WORK: Construct ( ) Repair( ) Abandon ( ) 
WELL USE: Domestic Well ( ) Public ( ) Monitor (.") Test ( ) 

irrigation ( ) FireWell ( 1 Other  
METHOD Rotary with MUD ( ) or Air ( ), Cable Tool ( ). Jet ( ) 

Casing Driven ( ), Other _ 
STATIC WATER LEVEL Ft below top of casing 
PUMPING WA lizR LEVEL  f Ft after hrs at ~r III 

PUMP SIZE -,tn-1P.  CAPACITY GPM 
PUMP TYPE  7 INTAKE DEPThr 

7O15-  onnrcrr-,,z 

LOCATION 

Located Near  

County .;.4 

1/ 1/4 A4cuan To1,16111p Flange 

"VQ(4  
acitAca-t. 

Cuttings sent to District? ( ) Yes L__  
fel No

LOCATE IN SECTION 

Note. PWS Wells attach s site map If wall location is different 
from site location on permit application. 

casing 
n 
& Orate, Scree Vero,  (9) 

Tnicknosa Giamelo/ r=om a Co01/1 0 DeoP,  

_L 

I--  7c"`"! 

Casing: Black Steel ( ) Galv. ( ) PVC VI Fiberglass ( 
Screen: Typa____?t,ff Slot size 02- L'  

Screened from_ La- _(ft.) to 
Type of grout with % additives  Me  
Water: Cleary') Colored ()

lo
S
r
u
id

lp
e
h
s
ur ( ) Salty ( ) Iron ( ) 

Conductivity_____ Ch ___..mg/I 

Complation Dale Casing Caoth Total DOoth 

DRILL. CUTTINGS LOG 
Otamine Guam every 20 P 
or at formation thangela 
ON; color, grain lint. and 
type of cnatentd 
Note cesPities, *pal :0 
piockcin9 

t  A.A,e #P  

Yu C 0_9(4_01‘  

-1 

.11..L.v411) 
✓ COARICtO% DAV.r..? 

WELL PERMIT NO 
SFVVMD WATER USF PERMIT NO.  

/01),!. ()Vey.' 4)3 ,,;)- 
sae  TC  

Otanto Na. Casmietion ince z7.'atshy 0.apV. Tow !Jere, Well 

WELL COMPLETION REPORT 
FORM 0124 
rlev 11,90 

TYPE OF WORK: Construct ( ) Repair ( ) Abandon ( ) 
WELL USE: Domestic Well ( Public t ) Monitor l Test ( 

IrtinatIon ( FIreWell Other 
METHOD: Rotary with MUD ( ) of Air ( ), Cable Tool ( 1. Jet ( ) 

Casing UfIven t ), Other a  
STATIC WATER LEVEL below top of casing 
PUMPING WATER LEVEL „Ft after.___.2.:Iirs, at 
PUMP SIZE___.   GPM 
PUMP rYPE___,..::—.INTAKE DEPTH prom il.5.4573.

66___ 

LOCATION 

Located Near 
.... 

County /\....1 . 

Freitue, 'T.C1',461Y0 :4,47‘.0.0 

AI :714: Go (.0.5 
!.aturle - .cowrie 

Cuttings sant to District? ( ) Yes 
5,..,") No 

Note: PWS Wells attach a site map It well location is different 

, . . 

! / . i.:_,..... 1, t . • —.4 

Casing: Black Steel ( ) Galv. ( I PVC V) Fiberglass ( ) 
Screen: Type__  ?i,'(  ___ Sint size _ _4 4.; .1,  L:_ 
Bc;rearted from_ .f....::.1__(ft.) to S..).--... __Alt.)

Typo of grout with `,;., additives ___INe.g2,mi . 
Water. Clear).-- ) COlOred ( SulDhor I. ) Salty ) Iron ( , 

1-- I i- --I- --' 

L !  _i___ 
LOCATE. IN SCCIION 

aurMt,  Ter 

ll/3d/2B08 23:03 305-5984027 AQUA TERRA SOLUTIONS 
WELL PERMIT N 
SFWMD WATER USE PERMIT NO. 

•. 
• £J 

r/PE OF WORK: Construct ( )Recalr( ) Abandon ( ) 
WELL USE; Domestic Wall ( ) Puhiic ( ) Monifor P') Test ( ) 

Irrigation! )Rr8Well( ) Other. 

Cwnplfillon Dsttt 

METHOD l̂ otary Willi MUD ( )orAir( ), Cable Tool ( ). Jet( ) 
Casing Driven ), Other i-^- .•' . . 

STATIC WATEB LEVEL Ft. below top of casing 
PUIVlPlWLi WAItR LEVEL Fr a«er ,-"T'THfs. ot .GPM 
PUMP SIZE-
PUMP TYPE. 

P. CAPACIT''', 
.INTAKE DEPT?!' 

LOCATION 
Located Nsar 

LQCATS IN SECTION 
Cuttings sorit to District? ( ) Yes 

Note: PWS Wells sttacfi a aitft map If well location is diffefant 
'ro.'Ti site locatlort on pamtit application. 

Total Oacth W9I1 J 

3'OUt 
DRILL CtJniNGS UOQ 
examine cuitlnga every 20 IT 
Of at form^Hon changes 
Givo Qo)or, ^aJn $179. and 
tyoe of mat«fisd 
Now cftvi(i«s, depih TO F>om T6 

DRILL CtJniNGS UOQ 
examine cuitlnga every 20 IT 
Of at form^Hon changes 
Givo Qo)or, ^aJn $179. and 
tyoe of mat«fisd 
Now cftvi(i«s, depih TO 

a'- i 
i 

• 
' 1 ' 

1 H ' 1 1 \ 1 / / 

> 

1 1 
1 
1 

V M a s 

i 
Casing: BlacK steal ( ) Ga)v. ( ) PVC 1^5 Ftoergiass ( ) 
Scfsei^; Typa "PvC Slot size ' Qt^ 
Screened from / O (fL) to . . . . . ^ Z 1 . . J , \ \ ) 
Type of grout v/ith % addllivBs A^^^-». / 
Water; C l e a r ^ ^ Colored ( ) Sulphur ( ) Salty ( ) Iron ( ) 
Conductivity Chlorides mg/l 

WELL PERMIT NO WELL COMPLETJON REPORT 
fORMO'124 
flev 11'SO 

SFWMD WATER USF PERMIT NO, 

5; ̂ ^J > 

TYPE OF WORK: Construa ( ) Repair \ ] Abandon ( ) 
WELL USE; Domestic Well ( ) Public (. 1 Monitor J '̂ ! Test ( » 

ir(i03tlon( IFlreWell' )0th3r 
METHOD: Rotary wifti MUD / )tn Airi ), Cadis Tool ( i. Jet( 

Casino U'ivsn ( ), ottie'- Ci:-^±.' (-' 
STATIC WATER 1.PVEL J^Z.—H. t)*!ow toe of casing 
PUUPiNG WATtft lEVEl. -Ft. aftef _ l 3 l r s . at-^ 
PUMP SIZE—.. i : : : lM.P. C A P A C I T Y . . . . G P M 
PUMP TYPE cl_ INTAKE DEPTH' 

:1'..GPW 

LOCATION 
Located Near 

1-
county V|g,^wc: 

Cuttings sent to District? { ) Yes ^ 
^ No 

i 

(.qcATEiN sccnix 

Nots: PWS W«lls attach a slt« map If well iocartlon ig differertt 

~ 1 — 

7J1! 

W«ll* 

' H H-"4 

Oivfl (r)iof. fjr^ifi {r/e. M?*t; 
; lyps oi 7iatfl.*aii 
i N C f l CRVrtlB!;. SSp t l i '.O 

-t' 

Casing: Black Sleei ( ) Gaiv. ( ; PVC l/^i Mb^rglg.'ss ( ) 
Screen; Tvpa 'r'^-C Slot size . • C-1 '•' 
Scrsenwl fron-! . 'J l ift.) to C ' ^ ' ^ ..(tl.) 
Type of groi.It with % additives t^±:<~..7.. 
Water. Clsar> ' '> Colored ( Sulphur ( ) Salty ( ) Iron ( l 



(lir re :pine, grain size, ark. 

& own g Oce1h I 
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casino & MILL CUTTINGS LOG 
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N16 
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WELL PERMIT NO.. 
SPA/MD NATEI USE PERMIT NO. 

310J 

WELL COMPLETION REPORT 
FORM 0124 
Rev. 11/90 

' - 
--c-ornocTibnoife- 

TYPE OF WORK: Construct ( ) Repair ( ) Abandon ( ) 
WELL USE: Domestic Well ( ) Public ( ) Monitor (f) Test ( ) 

Irrigation ( ) FireWell ( ) Other 

METHOD: Rotary with MUD ( ) or Air ( ). Cable Tool ( ), Jet ( ) 
Casing Driven ( ), Other _ ' e-4   ' 

STATIC WATER I EVEL below top of dasing 
PUMPING WATER LEVEL Ft, after-  
PUMP SIZE p CAPACITY GPM 
PUMP TYPE INTAKE DEPTH  

From top OS ground  

LOCATION 
Located Near  

County /VII)  rwo 

1/4 SeiOn fo?iz,stirp Range  

. I I 
Cuttings sent to District? ( ) Yes

_ 

LOCATE IN SECTION r  No 
Note: PWS Wells attach a site map it well location Is different 

om site location on permit application. 

Casing Depth 

State 
741  

; • 
Told Depth Weill 

Casing: Black Steel ( ) Daly, ( ) PVC,V5 Fiberglass ( ) 
Screen: Type  p Vr Slot size 3 01  
Screened from /O (h.) to (ft ) 
Type of grout wifh % additives  Mg IA. 71  
Water Clearkl Colored ( ) Sulphur ( ) Salty ( ) Iron ( 
Conductivity Chlorides  mg/I 

&Wrest; 

Uoshile No 

t Abe ula.t.ri-g'Irecia 

WELL COMPLETION REPORT 
FORM 0124 
Rev. 11/90 

WELL PERMIT NO 
SFWMD WATER USE PERMIT NO 

  

  

  

KOArrb 

Lawns° NO Completion Date 

TYPE OF WORK: Construct ( ) Repair ( ) Abandon ( ) 
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DEMONSTRATION OF MECHANICAL INTEGRITY- TECHNICAL MEMORANDUM 

KLWTD INJECTION WELL SYSTEM 

IW1 Cement-Bond Evaluations 

On February 24, 2009, Youngquist Brothers, Inc. (Contractor) completed installation of a 14.48-inch 
inside diameter (I.D.), 19.20-inch maximum outside diameter (O.D.) at couplings, fiberglass reinforced 
plastic (FRP) Red Box 1500 "Rough Coat" TC injection casing inside a nominal 28-inch diameter 
borehole to a depth of 2,735 feet below pad level (bpl). By February 28, 2009, the Contractor cemented 
the injection casing from the base up to 507 feet bpl. The uppermost 507 feet was left un-cemented to 
allow the cement-bond log (CBL) tool to be calibrated to the free-pipe signal of the un-cemented portion 
of the casing. 

On March 1, 2009, the Contractor performed a CBL with a variable-density log (VDL) display inside the 
injection casing. In general the log indicates lower signal amplitudes below the uppermost 507 feet of un-
cemented casing which indicates bonding between casing and cement and between cement and 
formation. Between 150 feet and 1,730 feet bpl (base of 28-inch O.D. intermediate casing), the VDL 
display indicates the location of the FRP couplings of the injection casing (at depth intervals of 
approximately 30 feet). Between 2,568 feet and 2,726 feet bpl, higher signal amplitudes were observed. 

It should be noted that the Contractor performed small cementing events from the cement packer 
(attached to the base of the injection casing) to 2,725 feet bpi to establish a cement seal above the 
cement packer. The Contractor then pumped 561 cubic feet of Portland Type I/II neat cement, and the top 
of cement following this cement stage (stage #1) was tagged at 2,559 feet bpl. A cement mix of either 6% 
or 12% bentonite was used for all subsequent cement stages. Although there is no obvious explanation 
for the increased amplitudes, they appear to coincide with the neat cement installed during stage #1 
between 2,725 feet and 2,559 feet bpl. 

MVV1 Cement-Bond Evaluations 

MW1 was constructed to monitor the intervals between 1,460 feet and 1,494 feet bpi (UMZ) and between 
1,650 feet and 1,702 feet bpl (LMZ). Therefore, the annulus outside the 65/8-inch diameter (5.43-inch 
inside-diameter) FRP LMZ tubing was cemented from 1,494 feet to 1,702 feet bpl to isolate the two 
monitoring intervals. A CBL with VDL display was performed on the LMZ tubing before and after the 
Contractor cemented the tubing in place. The amplitude of the signal is greatly reduced on the post-
cementing CBL in the interval between 1,494 feet and 1,650 feet bpl compared to the same interval on 
the pre-cementing CBL. The reduced signal amplitude indicates good bonding of cement to casing. 
Additionally, the reduced signal return on the VDL display confirms the cement-to-tubing bond, and 
indicates that there is good cement to formation bond. It should be noted that FRP sections within the 
open hole had a sand-impregnated rough coat surface to enhance the cement-to-tubing bond. 

Final TV Surveys 

On March 1, 2009 the Contractor performed a color television survey of the IW1 FRP injection casing 
from pad level to the total depth of the borehole at approximately 3,606 feet bpl. The FRP injection casing 
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DEMONSTRATION OF MECHANICAL INTEGRITY- TECHNICAL MEMORANDUM 

KLWTD INJECTION WELL SYSTEM 

IWI Cement-Bond Evaluations 

On February 24,2009, Youngquist Brothers, Inc. (Contractor) completed installation of a 14.48-inch 
inside diameter (I.D.), 19.20-inch maximum outside diameter (O.D.) at couplings, fiberglass reinforced 
plastic (FRP) Red Box 1500 "Rough Goaf TO injection casing inside a nominal 28-inch diameter 
borehole to a deptti of 2,735 feet below pad level (bpl). By February 28,2009, the Contractor cemented 
the injection casing from the base up to 507 feet bpl. The uppermost 507 feet was left un-cemented to 
allow ttie cement-bond log (CBL) tool to be calibrated to ttie free-pipe signal of the un-cemented portion 
of ttie casing. 

On March 1,2009, ttie Contractor perfonned a CBL witti a variable-density log (VOL) display inside ttie 
injection casing. In general ttie log indicates lower signal amplitudes below tiie uppermost 507 feet of un-
cemented casing which indicates bonding between casing and cement and between cement and 
formation. Between 150 feet and 1,730 feet bpl (base of 28-inch O.D. intermediate casing), the VDL 
display indicates ttie location of tiie FRP couplings of ttie injection casing (at deptti intervals of 
approximately 30 feet). Between 2,568 feet and 2,726 feet bpl, higher signal amplitudes were observed. 

It should be noted that ttie Conb^ctor performed small cementing events from tiie cement pacl<er 
(attached to ttie base of ttie injection casing) to 2,725 feet bpl to establish a cement seal above ttie 
cement packer. The Conti^ctor ttien pumped 561 cubic feet of Porttand Type l/ll neat cement, and ttie top 
of cement following ttiis cement stage (stage #1) was tagged at 2,559 feet bpl. A cement mix of eittier 6% 
or 12% bentonite was used for all subsequent cement stages. Alttiough ttiere is no obvious explanation 
for ttie increased amplitudes, ttiey appear to coincide witti the neat cement installed during stage #1 
between 2,725 feet and 2,559 feet bpl. 

MWI Cement-Bond Evaluations 

MW1 was constaructed to monitor ttie intervals between 1,460 feet and 1,494 feet bpl (UMZ) and between 
1,650 feet and 1,702 feet bpl (LMZ). Therefore, ttie annulus outside the 6%-inch diameter (5.43-inch 
inside-diameter) FRP LMZ tubing was cemented from 1,494 feet to 1,702 feet bpl to isolate ttie two 
monitoring intervals. A CBL witti VDL display was perfonned on ttie LMZ tubing before and after the 
Contractor cemented tiie tubing in place. The amplitude of the signal is greatiy reduced on tiie post-
cementing CBL in tiie interval between 1,494 feet and 1,650 feet bpl compared to ttie same interval on 
ttie pre-cementing CBL. The reduced signal amplitude indicates good bonding of cement to casing. 
Additionally, tiie reduced signal return on the VDL display confirms tiie cement-to-tubing bond, and 
indicates that tiiere is good cement to fonnation bond. It should be noted that FRP sections wittiin tiie 
open hole had a sand-impregnated rough coat surface to enhance tiie cement-to-tubing bond. 

Final TV Surveys 

On March 1,2009 ttie Contractor perfonned a color television survey of ttie IWI FRP injection casing 
from pad level to the total deptti of tiie borehole at approximately 3,606 feet bpl. The FRP injection casing 
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sections appear to be in good condition. The top of the cement packer interior wall was visible at 2,740 
feet bpl. Throughout the open-hole interval between 2,742 feet (base of cement packer joint) and 3,410 
feet, occasional minor fractures and cavities are present. More numerous and larger fractures and 
cavities are present between 3,410 feet and 3,540 feet bpl. No obstructions were observed in the open 
hole between the base of the injection casing and the total video depth. 

On May 6, 2009 the Contractor performed a color television survey of the MW1 LMZ tubing and open 
hole. The FRP tubing sections appear in good condition. The cement packer attached to the base of the 
FRP tubing string was observed at 1,653 feet bpl. In the open hole section between 1,653 feet and 1,701 
feet bpl, minor cavities/vugs are seen (primarily located within the bottom half of the open hole). 

Narrative summaries of the IWI injection casing and open-hole final TV survey and MW1, LMZ tubing and 
open hole final TV survey are included with this memorandum. DVD copies of both TV surveys are 
included in Volume II, Section 10 of the report. 

IW1 and MW1 Hydrostatic Pressure Testing 

The Contractor performed hydrostatic pressure tests of the following to demonstrate mechanical integrity: 

• The 14.48-inch I.D. FRP injection casing of IW1 
• The LMZ tubing (65/8-inch diameter FRP) of MW1 

On March 1, 2009, the Contractor installed an inflatable packer into the IW1 injection casing and set the 
packer at 2,714 feet bpl. On March 3, 2009, a 60-minute hydrostatic pressure test was performed. The 
test was witnessed by Lech Kwapinski and David Smith of ARCADIS and David Rhodes of FDEP. The 
casing was pressurized to 158 psi and changes in the pressure were observed. After 60 minutes, the 
pressure had changed by 3.5 psi and had increased to 161.5 psi (2.2% increase). This pressure change 
met the FDEP requirement of less than 5%, therefore the test was considered successful. The casing 
then was depressurized (to 0 psi) and approximately 22.5 gallons of water were released. A summary of 
the pressure test and a copy of the pressure gauge calibration certificate are included with this 
memorandum. 

On May 4, 2008, the Contractor performed a 60-minute hydrostatic pressure test of the MW1 LMZ tubing. 
The hydrostatic pressure test was performed using a permanently-set External Casing Packer with 
Interior Sheer Plug (ECPISP) attached to the base of the tubing string. The ECPISP included a plug at 
the base which was still intact after the tubing string was cemented in place. This allowed the Contractor 
to successfully pressurize the inside of the tubing. The tubing was pressurized to 109.5 psi. After 60 
minutes, the pressure decreased less than 1.5 psi (approximately a 1.4% decrease). Because the 
pressure change was less than 5%, the test was considered successful. The tubing was then 
depressurized (to 0 psi) and approximately 13 gallons of water were released. A summary of the pressure 
test and a copy of the pressure gauge calibration certificate are included with this memorandum. 

High Resolution Temperature Logging and Radioactive Tracer survey Testing 

On May 20, 2009, Youngquist Brothers Inc. (Contractor) performed a short-term injection test by injecting 
approximately 3.3 million gallons of potable water into injection well IW1. The test was performed for 13 
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sections appear to be in good condition. The top of the cement packer interior wall was visible at 2,740 
feet bpl. Throughout the open-hole interval between 2,742 feet (base of cement packer joint) and 3,410 
feet, occasional minor fractures and cavities are present. More numerous and larger fractures and 
cavities are present between 3,410 feet and 3,540 feet bpl. No obstructions were observed in tiie open 
hole between the base of the injection casing and the total video depth. 

On May 6, 2009 the Contractor performed a color television survey of the MW1 LMZ tubing and open 
hole. The FRP tubing sections appear in good condition. The cement packer attached to the base of the 
FRP tubing string was observed at 1,653 feet bpl. In the open hole section between 1,653 feet and 1,701 
feet bpl, minor cavities/vugs are seen (primarily located within the bottom half of the open hole). 

Narrative summaries of the A/VI injection casing and open-hole final TV survey and MWI LMZ tubing and 
open hole final TV survey are included with this memorandum. DVD copies of both TV surveys are 
included in Volume II, Section 10 of the report. 

IWI and MWI Hydrostatic Prrasure Testing 

The Contractor perfonned hydrostatic pressure tests of the following to demonstrate mechanical integrity: 

• The 14.48-inch I.D. FRP injection casing of IWI 
• The LMZ tubing (B /̂s-inch diameter FRP) of MW1 

On March 1,2009, the Contractor installed an inflatable packer into the IWI injection casing and set tiie 
packer at 2,714 feet bpl. On March 3,2009, a 60-minute hydrostatic pressure test was peri'ormed. The 
test was witnessed by Lech Kwapinski and David Smith of ARCADIS and David Rhodes of FDEP. The 
casing was pressurized to 158 psi and changes in the pressure were observed. After 60 minutes, the 
pressure had changed by 3.5 psi and had increased to 161.5 psi (2.2% increase). This pressure change 
met the FDEP requirement of less than 5%, therefore the test was considered successful. The casing 
then was depressurized (to 0 psi) and approximately 22.5 gallons of water were released. A summary of 
the pressure test and a copy of the pressure gauge calibration certificate are included with this 
memorandum. 

On May 4, 2008, the Conti'actor poformed a 60-minute hydrostatic pressure test of Uie MWI LMZ tubing. 
The hydrostatic pressure test was perfonned using a permanentiy-set External Casing Packer with 
Interior Sheer Plug (ECPISP) attached to the base of the tubing stiing. The ECPISP included a plug at 
the base which was still intact after the tubing stiing was cemented in place. This allowed ttie Conb^ctor 
to successfully pressurize the inside of the tubing. The tubing was pressurized to 109.5 psi. After 60 
minutes, the pressure decreased less than 1.5 psi (approximately a 1.4% decrease). Because the 
pressure change was less than 5%, the test was considered successful. The tubing was then 
depressurized (to 0 psi) and approximately 13 gallons of water were released. A summary of the pressure 
test and a copy of the pressure gauge calibration certificate are included with tiiis memorandum. 

High Resolution Temperature Logging and Radioactive Tracer survey Testing 

On May 20, 2009, Youngquist Brothers Inc. (Contractor) performed a short-term injection test by injecting 
approximately 3.3 million gallons of potable water into injection well IWI. The test was perfonned for 13 
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establish a freshwater "bubble" below the final casing prior to performing high-resolution temperature 
logging and radioactive tracer survey (RTS). Temperature logging and RTS testing are described below. 

High Resolution Temperature Logging 

Following injection testing, IW1 was shut-in for 6 days. On May 26, 2009, the Contractor performed a 
high-resolution temperature log in IW1 from land surface to the total open-hole depth of 3,603 feet below 
land surface (bis). The temperature inside the injection casing is a function of a combination of factors, 
including the water temperature of the formation, and the diameter and wall thickness of the casings. 
During temperature logging the following was observed: 

• Between 0 feet and 70 feet bis: The temperature remained stable at 86 degrees Fahrenheit (°F). 
• Between 70 feet and 250 feet bis: The temperature increased to 87.5 °F and then decreased 

back to 86 °F. 
• Between 250 feet and 1.200 feet bls: Temperatures generally remained stable between 85.7 °F 

and 86.1 °F. 
• Between 1.200 feet and 1.800 feet bis: A small increase in temperature was observed with minor 

variations in temperature between 86.1 °F and 86.9 °F. 
• Between 1.800 feet and 2.715 feet bls: A gradual increase in temperature was observed from 

86.1 °F to 88.9 °F. Between 2,715 feet and 2,940 feet bis: A decrease in temperature from 88.9 
°F to 87.8 °F with generally stable temperatures near the base of the final casing was observed. 

• Between 2.940 feet and Total Death (3.6031feet bis: Minor temperature variations between 88.3 
°F and 89.2 °F was observed. 

In general the temperatures in IW1 remained stable with only minor variations. This is likely attributed to 
the large volume of potable water that was injected into the well on May 20, 2009, and the extended shut-
in duration which allowed ample time for the fluid temperatures in IW1 to stabilize. Based on the 
temperature log, there is no indication that IW1 lacks mechanical integrity. 

Radioactive Tracer Survey Testing 

Immediately following high-resolution temperature logging, RTS testing was performed to determine 
whether IW1 had external mechanical integrity (including the integrity of the cement sheath and adjacent 
formation). The RTS logging tool used for the survey consisted of three gamma-ray detectors: one near 
the top (GRT), the middle (GRM) and bottom (GRB) of the tool. Readings from the detectors are reported 
in GAPI units (Note: GAPI units are standard American Petroleum Institute units; 16.5 GAPI units are 
equivalent to 1 microgram ra-eq/ton). The RTS logging-tool ejector port is located between the GRT and 
the GRM. A tool diagram is induded on the RTS log plot. A magnetic casing-collar locator (CCL), 
attached to the base of the RTS logging tool, indicated that the base of the 16-inch diameter final casing 
was located at a depth of approximately 2,741 feet bis. Please note that the final casing is comprised of 
fiberglass reinforced plastic (FRP) with external cement packer (composed of steel and rubber) attached 
at the base between approximately 2,740 feet and 2,742 feet bls. 
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establish a freshwater "bubble' below ttie final casing prior to performing high-resolution temperature 
logging and radioactive tracer survey (RTS). Temperature logging and RTS testing are described below. 

High Resolution Temperature Lx>gglng 

Following injection testing, IWI was shut-in for 6 days. On May 26,2009, the ContaBCtor perfonned a 
high-resolution temperature log in IWI from land surface to tiie total open-hole deptii of 3,603 feet below 
land surface (bis). The temperature inside tiie injection casing is a function of a combination of factors, 
including the water temperature of ttie fonnation, and the diameter and wall tiiickness of ttie casings. 
During temperature logging the following was observed: 

• Between 0 feet and 70 feet bis: The temperature remained stable at 86 degrees Fahrenheit ("F). 
• Between 70 feet and 250 feet bis: The temperature increased to 87.5 °F and ttien decreased 

back to 86 T . 
• Between 250 feet and 1.200 feet bis: Temperatures generally remained stable between 85.7 °F 

and 86.1 'F . 
• Between 1.200 feet and 1.800 feet bis: A small increase in temperature was observed witti minor 

variations in temperature between 86.1 "F and 86.9 °F. 
• Between 1.800 feet and 2.715 feet bis: A gradual increase in temperature was observed from 

86.1 °F to 88.9 "F. Between 2,715 feet and 2,940 feet bis: A decrease in temperature from 88.9 
"F to 87.8 °F witti generally stable temperatures near the base of tiie final casing was obsen/ed. 

• Between 2.940 feet and Total Deotti (3.603) feet bis: Minor temperature variations between 88.3 
°F and 89.2 'F was observed. 

In general tiie temperabjres in IWI remained stable with only minor variations. This is likely atblbuted to 
tiie large volume of potable water ttiat was injected into ttie well on May 20,2009, and ttie extended shut-
in duration which allowed ample time for ttie fluid temperatures in IW1 to stabilize. Based on tiie 
temperature log, Oiere is no indication ttiat IWI lacks mechanical integrity. 

Radioactive Tracer Survey Testing 

Immediately following high-resolution temperature logging, RTS testing was performed to determine 
whetiier IWI had external mechanical integrity (including ttie integrity of tiie cement sheatii and adjacent 
fonnation). The RTS logging tool used for the survey consisted of ttiree gamma-ray detectors: one near 
ttie top (GRT), ttie middle (GRM) and bottom (GRB) of ttie tool. Readings from ttie detectors are reported 
in GAPI units (Note: GAPI units are standard American Peboleum Institute units; 16.5 GAPI units are 
equivalent to 1 microgram ra-eq/ton). The RTS logging-tool ejector port is located between ttie GRT and 
tiie GRM. A tool diagram is included on tiie RTS log plot A magnetic casing-collar locator (CCL), 
attached to ttie base of ttie RTS logging tool, indicated ttiat ttie base of ttie 16-inch diameter final casing 
was located at a deptti of approximately 2,741 feet bis. Please note ttiat ttie final casing is comprised of 
fiberglass reinforced plastic (FRP) witti extemal cement packer (composed of steel and rubber) attached 
at tiie base between approximately 2,740 feet and 2,742 feet bis. 
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Background Gamma-ray Log 

Following completion of the high-resolution temperature log, a gamma-ray log was performed as an "out-
of-position" background log on the upward pass. The background gamma-ray log serves as a means of 
comparison for each of the subsequent out-of-position log passes. An out-of-position log pass refers to 
the RTS tool traveling up the well at a nearly constant speed while recording. The background gamma-
ray log was conducted from 3,603 feet bls to land surface. During out-of-position logging, readings were 
collected from each of the detectors (GRT, GRM and GRB). 

Monitoring Test #1: Dynamic Monitoring 

Starting from the bottom section of the RTS log plot, the various surveys are discussed in, the same 
sequence as they were performed. Following the background log, the RTS tool ejector port was loaded 
with 6.0 millicuries (mCi) of Iodine 131. The Iodine 131 assay label is included with this memorandum. For 
Monitoring Test #1 (labeled "Dynamic Test #1" on the log plot), the Contractor set the ejector of the RTS 
tool at a depth of 2,736 feet bls, approximately 5 feet above the baSe of the final casing (as recorded by 
the CCL), and established a constant injection flow rate of 43 gpm using potable water. A copy of the 
flowmeter calibration certificate is included with this memorandum. During dynamic ("time-drive") 
monitoring, the RTS tool remained stationary, and "time-drive logging" was shown on the log plot. The 
vertical segments of the time-drive log indicate time in 20-second intervals and the horizontal segments 
(for each detector) indicate the change in GAPI units. For other RTS survey logs (background, out-of-
position and final gamma-ray logs), the vertical segments of the log plot indicate a change in depth. 

After setting the RTS tool and monitoring for 1 minute, the Contractor ejected a 1.0 mCi slug of Iodine 131 
and continued "time-drive monitoring" of gamma-ray levels for 60 minutes after the release. The time at 
which the tracer slug was ejected is noted on the log. The Iodine 131 was first detected by the GRM 
within approximately 20 seconds after ejection (1.0 mCi of Iodine 131 takes approximately 7.0 seconds to 
eject). The maximum reading at the GRM (approximately 2,184 GAPI) occurred between 30 seconds and 
1 minute after ejecting. Approximately 5% minutes after ejection, the readings at the GRM decreased to 
near background levels. Approximately 1 minute, 50 seconds after ejection, the tracer was detected in the 
GRB and reached a maximum level (approximately 2,140 GAPI) between 2 minutes, 30 seconds and 5 
minutes, 20 seconds after ejection. After approximately 25 minutes, the GRB readings stabilized. The 
tracer was not detected in the GRT during Dynamic Test #1. 

Monitoring Test #1: Out-of-Position Log 

After 60 minutes of dynamic logging, the Contractor performed an out-of-position log (labeled "LOP #1" 
on the log plot for Log Out of Position) from the base of the final casing to a depth of 2,544 feet bls. The 
injection flow rate during the out-of-position log remained at approximately 43 gpm. Except for slightly 
elevated readings in GRB and GRM just above the base of the final casing, the recorded readings from 
the GRT, GRM and GRB detectors closely resemble the recorded readings from the background gamma-
ray log. 

After conducting the out-of-position log, the Contractor lowered the RTS tool back down to 2,736 feet bls 
(original ejector depth). Because no residual Iodine 131 was observed on the RTS tool or casing, it was 
unnecessary to flush the well with potable water following the out-of-position log. 
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Background Gamma-ray Log 

Following completion of the high-resolution temperature log, a gamma-ray log was perfonned as an "out-
of-position° background log on the upward pass. The background gamma-ray log serves as a means of 
comparison for each of the subsequent out-of-position log passes. An out-of-position log pass refers to 
the RTS tool traveling up the well at a neariy constant speed while recording. The background gamma-
ray log was conducted from 3,603 feet bis to land surface. During out-of-position logging, readings were 
collected from each of the detectors (GRT, GRM and GRB). 

Monitoring Test #1: Dynamic Monitoring 

Starting from the bottom s«:tion of ttie RTS log plot, the various surveys are discussed in the same 
sequence as they were performed. Following tiie background log, the RTS tool ejector port was loaded 
with 6.0 millicuries (mCi) of Iodine 131. The Iodine 131 assay label is included with tiiis memorandum. For 
Monitoring Test #1 (labeled "Dynamic Test #1" on the log plot), the Contractor set ttie ejector of Uie RTS 
tool at a depth of 2,736 feet bis, approximately 5 feet above Uie base of Uie final casing (as recorded by 
the CCL), and established a constant injection flow rate of 43 gpm using potable water. A,copy of Uie 
flowmeter calibration certificate is included with this memorandum. During dynamic ("time-drive") 
monitoring, tiie RTS tool remained stationary, and "time-drive logging" was shown on the log plot. The 
vertical segments of Uie time-drive log indicate time in 20-second intervals and the horizontal segments 
(for each detector) indicate tiie change in GAPI units. For other RTS survey logs (background, out-of-
position and final gamma-ray logs), the vertical segments of tiie log plot indicate a change in depUi. 

After setting tiie RTS tool and monitoring for 1 minute, Uie Contractor ejected a 1.0 mCi slug of Iodine 131 
and continued "time-drive monitoring" of gamma-ray levels for 60 minutes after the release. The time at 
which the ti^cer slug was ejected is noted on tiie log. The Iodine 131 was first detected by the GRM 
within approximately 20 seconds after ejection (1.0 mCi of Iodine 131 takes approximately 7.0 seconds to 
eject). The maximum reading at the GRM (approximately 2,184 GAPI) occurred between 30 seconds and 
1 minute after ejecting. Approximately 514 minutes after ejection, tiie readings at Uie GRM decreased to 
near background levels. Apiproximately 1 minute, 50 seconds after ejection, the tracer was detected in the 
GRB and reached a maximum level (approximately 2,140 GAPI) between 2 minutes, 30 seconds and 5 
minutes, 20 seconds after ejection. After approximately 25 minutes, the GRB readings stabilized. The 
ti^cer was not detected in the GRT during Dynamic Test #1. 

Monitoring Test#1: Out-of-Position Log 

After 60 minutes of dynamic logging, tiie Contî ctor performed an out-of-position log (labeled "LOP #1" 
on the log plot for Log Out of Position) from tiie base of Uie final casing to a depth of 2,544 feet bis. The 
injection flow rate during Uie out-of-position log remained at approximately 43 gpm. Except for slightiy 
elevated readings in GRB and GRM just above the base of Uie final casing, the recorded readings from 
the GRT, GRM and GRB detectors closely resemble the recorded readings from the background gamma-
ray log. 

After conducting Uie out-of-position log, the Contractor lowered the RTS tool back down to 2,736 feet bis 
(original ejector depth). Because no residual Iodine 131 was observed on tiie RTS tool or casing, it was 
unnecessary to flush the well with potable water following Uie out-of-position log. 
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Monitoring Test #2: Dynamic Monitoring 

For Monitoring Test #2 (labeled °Dynamic Test #2° on the log plot), the Contractor again set the RTS tool 
with the ejector at a depth of 2,736 feet bls and established an injection flow rate of approximately 43 
gpm. The Contractor monitored gamma-ray levels for one minute before ejecting a 1.5 mCi slug of Iodine 
131. After ejecting the tracer material, the Contractor monitored levels for 60 minutes. The Iodine 131 was 
first detected by the GRM within approximately 18 seconds after the ejection. A high GRM reading 
occurred between 30 seconds and 2 minutes, 10 seconds after ejecting. Between 7 minutes and 25 
minutes after ejection, GRM readings gradually decreased from 326 GAPI to 143 GAPI. GRM readings 
generally remained stable for the remainder of dynamic testing. Approximately 1 minute, 50 seconds after 
ejection, the tracer was detected in the GRB and it reached maximum levels (approximately 2,140 GAPI) 
between 2 minutes, 20 seconds and 9 minutes after ejection. Readings at the GRB then began 
decreasing, and between 31 minutes and 60 minutes after ejection, the readings generally remained 
stable at approximately 40 GAPI units. As during the previous test, tracer was not detected in the GRT. 

Monitoring Test #2: Out-of-Position Log 

After dynamic logging, the Contractor performed an out-of-position log (LOP #2) up to 2,540 feet bls. The 
injection flow rate during the out-of-position log remained at 43 gpm. The readings from the GRT, GRM 
and GRB closely resemble the recorded readings from the background gamma-ray log with the exception 
of elevated GRM and GRB readings at the base of the casing. 

Final Gamma-Ray Log 

After conducting the out-of-position log, IW1 was flushed using potable water to remove any excess 
Iodine 131 from the RTS tool and the inside of the casing. The injection flow rate was approximately 
2,750 gpm. The tool then was lowered to 2,905 feet bls and the remaining 3.5 mCi of Iodine 131 was 
ejected. The Contractor then lowered the tool to 3,603 feet bls (total depth) and (after flushing for 
approximately 30 minutes) performed gamma-ray logging from 3,603 feet bls to land surface. Inside the 
final casing from land surface to 2,741 feet bls, readings from GRT, GRM and GRB closely resembled the 
recorded readings from the background gamma-ray log. The one exception was between 2,270 feet and 
2,400 feet bls where readings were slightly elevated compared to background readings by approximately 
10 GAR Below the base of casing, between 3,065 feet and 3,280 feet bls, slightly elevated readings 
(compared to background) were observed in all three detectors. At 3,540 feet bls, a significant increase 
was observed in all 3 detectors. This suggests a major flow zone at this depth which is consistent with a 
fracture zone identified on the borehole televiewer log. 

RTS Interpretation 

During dynamic monitoring, potable water pumped down the well forced the Iodine 131 tracer material 
downward where it was detected by the GRM and GRB (located below the ejector). The GRT can detect 
the Iodine 131 if the Iodine 131 moves upward outside the final casing (due to spaces between the 
cement and casing or the cement and formation, or if fractures exist in the formation near the well). 

The primary purpose of the out-of-position logs and the final gamma-ray log was to determine the extent 
(if any) of upward migration of Iodine 131 through the formation or through annuli adjacent to the well 
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Monitoring Test #2: Dynamic Monitoring 

For Monitoring Test #2 (labeled "Dynamic Test #2' on ttie log plot), ttie Contractor again set ttie RTS tool 
witti ttie ejector at a depth of 2,736 feet bis and established an injection flow rate of approximately 43 
gpm. The Contractor monitored gamma-ray levels for one minute before ejecting a 1.5 mCi slug of Iodine 
131. After ejecting the tracer material, tiie Contâ actor monitored levels for 60 minutes. The Iodine 131 was 
first detected by tiie GRM wittiin approximately 18 seconds after ttie ejection. A high GRM reading 
occurred between 30 seconds and 2 minutes, 10 seconds after ejecting. Between 7 minutes and 25 
minutes after ejection, GRM readings gradually decreased from 326 GAPI to 143 GAPI. GRM readings 
generally remained stable for tiie remainder of dynamic testing. Approximately 1 minute, 50 seconds after 
ejection, the tracer was detected in ttie GRB and it reached maximum levels (approximately 2,140 GAPI) 
between 2 minutes, 20 seconds and 9 minutes after ejection. Readings at tiie GRB tiien began 
decreasing, and between 31 minutes and 60 minutes after ejection, ttie readings generally remained 
stable at approximately 40 GAPI units. As during tiie previous test, tracer was not detected in the GRT. 

Monitoring Test #2: Out-of-Position Log 

After dynamic logging, the Contractor perfonned an out-of-position log (LOP #2) up to 2,540 feet bis. The 
injection flow rate during the out-of-position log remained at 43 gpm. The readings firom tiie GRT, GRM 
and GRB closely resemble ttie recorded readings from the background gamma-ray log witii tiie exception 
of elevated GRM and GRB readings at ttie base of Uie casing. 

Pinal Gamma-Ray Log 

After conducting tiie out-of-position log, IWI was flushed using potable water to remove any excess 
Iodine 131 from ttie RTS tool and ttie inside of ttie casing. The injection flow rate was approximately 
2,750 gpm. The tool ttien was lowered to 2,905 feet bis and ttie remaining 3.5 mCi of Iodine 131 was 
ejected. The Contractor ttien lowered tiie tool to 3,603 feet bis (total deptti) and (after flushing for 
approximately 30 minutes) perfonned gamma-ray logging from 3,603 feet bis to land surface. Inside ttie 
final casing from land surface to 2,741 feet bis, readings from GRT, GRM and GRB closely resembled ttie 
recorded readings from ttie background gamma-ray log. The one exception was between 2,270 feet and 
2,400 feet bis where readings were slightiy elevated compared to background readings by approximately 
10 GAPI. Below ttie base of casing, between 3,065 feet and 3,280 feet bis, slightiy elevated readings 
(compared to background) were observed in all tiiree detectors. At 3,540 feet bis, a significant increase 
was observed in all 3 detectors. This suggests a major flow zone at ttiis deptti which is consistent witti a 
fracture zone identa'fied on ttie borehole televiewer log. 

RTS Interpretation 

During dynamic monitoring, potable water pumped down ttie well forced ttie Iodine 131 bracer material 
downward where it was detected by tiie GRM and GRB (located below tiie ejector). The GRT can detect 
the Iodine 131 if tiie Iodine 131 moves upward outside the final casing (due to spaces between tiie 
cement and casing or tiie cement and formation, or if fractures exist in tiie formation near the well). 

The primary purpose of tiie out-of-position logs and the final gamma-ray log was to detennine tiie extent 
(if any) of upward migration of Iodine 131 ttirough tiie fonnation or tiirough annuli adjacent to ttie well 
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bore or casing. Because the recorded readings of all three detectors from each out-of-position log and the 
final gamma-ray log resembled the recorded readings of the background gamma-ray log (with the 
exception between 2,280 feet and 2,400 feet bls noted above), and because the GRT did not record any 
elevated readings after ejection during either dynamic monitoring tests, we conclude that the cement 
sheath around the injection casing is intact and an adequate bond is present between the cement and the 
formation, as well as between the casing and the cement. 
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bore or casing. Because ttie recorded readings of all ttiree detectors from each out-of-position log and ttie 
final gamma-ray log resembled ttie recorded readings of ttie background gamma-ray log (witti Uie 
exception between 2,280 feet and 2,400 feet bis noted above), and because ttie GRT did not record any 
elevated readings after ejection during either dynamic monitoring tests, we conclude ttiat ttie cement 
sheatti around ttie injection casing is intact and an adequate bond is present between tiie cement and tiie 
fonnation, as well as between ttie casing and ttie cement. 
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Key Largo WTD Injection Well System Injection Well IW1 
Key Largo, Florida 

Final TV Survey Observation Table 
Date: 03/01/2009 

PROJECT LOCATION: 

OWNER: 

VIDEO CONTRACTOR: 

COUNTY: 

DEPTH: 

DESCRIPTION BY:  

Key Largo WWTF 

KLWTD 

Youngquist Brothers, Inc. 

Monroe County, Florida 

3,695 feet bpi 

Lech Kwapinski 

Depth (feet below pad) Description of Features 

From To • 

Major Features 

0.0 6.0 Stainless steel casing. 

6.0 2740.0 16-inch diameter FRP casing 

2,740.0 2742.0 Bottom landing joint. 

2,742.0 3606.8 Open borehole. 

Minor Features (connections and open hole description) 

23.0 FRP tubing connection. 

52.5 FRP tubing connection. 

81.6 FRP tubing connection. 

110.9 FRP tubing connection. 

140.3 FRP tubing connection. 

169.7 FRP tubing connection. 

198.7 FRP tubing connection. 

227.9 FRP tubing connection. 

257.2 FRP tubing connection. 

286.0 FRP tubing connection. 

315.5 FRP tubing connection. 

344.7 FRP tubing connection. 

373.9 FRP tubing connection. 

403.3 FRP tubing connection. 

432.3 FRP tubing connection. 

459.0 FRP tubing connection. 

488.0 FRP tubing connection. 

517.0 FRP tubing connection. 

546.0 FRP tubing connection. 

577.0 FRP tubing connection. 

606.0 FRP tubing connection. 

635.0 FRP tubing connection. 

664.0 FRP tubing connection. 

693.0 FRP tubing connection. 

722.0 FRP tubing connection. 

751.0 FRP tubing connection. 

781.0 FRP tubing connection. 
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Key Largo WTD Injection Well System 
Key Largo, Florida 

Injection Well IWI 

PROJECT LOCATION: 

OWNER: 

VIDEO CONTRACTOR: 

COUNTY: 

DEPTH: 

DESCRIPTION BY: 

Final TV Survey Observation Table 

Key Largo WWTF 

KLWTD 

Youngquist Brothers. Inc.  

Monroe County. Florida 

3,695 feet bpl 

Lech Kwapinski 

Date: 03/01/2009 

Depth (feet below pad) Description of Features 

From To 
Major Features 

0.0 6.0 Stainless steel casing. 

6.0 2740.0 16-inch diameter FRP casing 

2,740.0 2742.0 Bottom landing joint. 

2,742.0 3606.8 Open borehole. 

Minor Features (connections and open hole description) 

23.0 FRP tubing connection. 

52.5 FRP tubing connection. 

81.6 FRP tubing connection. 

110.9 FRP tubing connection. 

140.3 FRP tubing connection. 

169.7 FRP tubing connection. 

198.7 FRP tubing connection. 

227.9 FRP tubing connection. 

257.2 FRP tubing connection. 

286.0 FRP tubing connection. 

315.5 FRP tubing connection. 

344.7 FRP tubing connection. 

373.9 FRP tubing connection. 

403.3 FRP tubing connection. 

432.3 FRP tubing connection. 

459.0 FRP tubing connection. 

488.0 FRP tubing connection. 

517.0 FRP tubing connection. 

546.0 FRP tubing connection. 

577.0 FRP tubing connection. 

606.0 FRP tubing connection. 

635.0 FRP tubing connection. 

664.0 FRP tubing connection. 

693.0 FRP tubing connection. 

722.0 FRP tubing connection. 

751.0 FRP tubing connection. 

781.0 FRP tubing connection. 
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Key Largo WTD Injection Well System Injection Well IW1 
Key Largo, Florida 

Final TV Survey Observation Table 
Date: 03/01/2009 

PROJECT LOCATION: 

OWNER: 

VIDEO CONTRACTOR: 

COUNTY: 

DEPTH: 

DESCRIPTION BY:  

Key Largo WWTF 

KLWTD 

Youngquist Brothers, Inc. 

Monroe County, Florida 

3,695 feet bpi 

Lech Kwapinski 

Depth (feet below pad) Description of Features 

From To 

810.0 FRP tubing connection. 

839.0 FRP tubing connection. 

888.0 FRP tubing connection. 

898.0 FRP tubing connection. 

927.0 FRP tubing connection. • 

957 0 FRP tubing connection. 

986 0 FRP tubing connection. 

1,015.0 FRP tubing connection. 

1,044.0 FRP tubing connection. 

1,074.0 FRP tubing connection. 

1,103 0 FRP tubing connection. 

1,132 0 FRP tubing connection. 

1,162 0 FRP tubing connection. 

1,191 0 FRP tubing connection. 

1,220.0 FRP tubing connection. 

1,249.0 FRP tubing connection. 

1,279 0 FRP tubing connection. 

1,308.0 FRP tubing connection. 

1,337.0 FRP tubing connection. 

1,366 0 FRP tubing connection. 

1,395 0 FRP tubing connection. 

1,425.0 FRP tubing connection. 

1,454 0 FRP tubing connection. 

1,483 0 FRP tubing connection. 

1,512.0 FRP tubing connection. 

1,541 0 FRP tubing connection. 

1,571.0 FRP tubing connection. 

1,600.0 FRP tubing connection. 

1,629.0 FRP tubing connection. 

1,658.0 FRP tubing connection. 

1,687.0 FRP tubing connection. 

1,716.0 FRP tubing connection. 

1,755.0 FRP tubing connection. 

1,784 0 FRP tubing connection. 
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Key Largo WTD Injection Well System 
Key Largo, Florida 

Injection Well IW1 

PROJECT LOCATION: 

OWNER: 

VIDEO CONTRACTOR: 

COUNTY: 

DEPTH: 

DESCRIPTION BY: 

Final TV Survey Observation Table 

Key Largo WWTF 

KLWTD 

Youngquist Brothers, Inc.  

Monroe County, Florida 

3.695 feet bpl 

Lech Kwapinski 

Date: 03/01/2009 

Depth (feet below pad) [Jescription of Features 

From To 

810.0 FRP tubing connection. 

839.0 FRP tubing connection. 

868.0 FRP tubing connection. 

898.0 FRP tubing connection. 

927.0 FRP tubing connection. 

957 0 FRP tubing connection. 

986 0 FRP tubing connection. 

1,015.0 FRP tubing connection. 

1,044.0 FRP tubing connection. 

1,074.0 FRP tubing connection. 

1,103 0 FRP tubing connection. 

1,1320 FRP tubing connection. 

1,162 0 FRP tubing connection. 

1,1910 FRP tubing connection. 

1,220.0 FRP tubing connection. 

1,249.0 FRP tubing connection. 

1,279 0 FRP tubing connection. 

1,308.0 FRP tubing connection. 

1,3370 FRP tubing connection. 

1,366 0 FRP tubing connection. 

1,395 0 FRP tubing connection. 

1,425.0 FRP tubing connection. 

1,454 0 FRP tubing connection. 

1,483 0 FRP tubing connection. 

1,512.0 FRP tubing connection. 

1,541 0 FRP tubing connection. 

1,571.0 FRP tubing connection. 

1,600.0 FRP tubing connection. 

1,629.0 FRP tubing connection. 

1,658.0 FRP tubing connection. 

1,687.0 FRP tubing connection. 

1,716.0 FRP tubing connection. 

1,755,0 FRP tubing connection. 

1,784 0 FRP tubing connection. 
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Key Largo WTD Injection Well System Injection Well IW1 
Key Largo, Florida 

Final TV Survey Observation Table 
Date: 03/01/2009 

PROJECT LOCATION: 

OWNER: 

VIDEO CONTRACTOR: 

COUNTY: 

DEPTH: 

DESCRIPTION BY: 

Key Largo VVWTF 

KLWTD 

Youngquist Brothers, Inc. 

Monroe County, Florida 

3,695 feet bpi 

Lech Kwapinski 

Depth (feet below pad) Description of Features 

From To 

1,804.0 FRP tubing connection. 

1,833 0 FRP tubing connection. 

1,863.0 FRP tubing connection. 

1,892.0 FRP tubing connection. 

1,921.0 FRP tubing connection. 

1,950 0 FRP tubing connection. 

1,979.0 FRP tubing connection. 

2,008.0 FRP tubing connection. 

2,037 0 FRP tubing connection. 

2,066 0 FRP tubing connection. 

2,096.0 FRP tubing connection. 

2,125.0 FRP tubing connection. 

2,154.0 FRP tubing connection. 

2,184 0 FRP tubing connection. 

2,213 0 FRP tubing connection. 

2,242.0 FRP tubing connection. 

2,271.0 FRP tubing connection. 

2,300 0 FRP tubing connection. 

2,330 0 FRP tubing connection. 

2,359.0 FRP tubing connection. 

2,388.0 FRP tubing connection. 

2,418.0 FRP tubing connection. 

2,447 0 FRP tubing connection. 

2,477 0 FRP tubing connection. 

2,506.0 FRP tubing connection. 

2,535.0 FRP tubing connection. 

2,564 0 FRP tubing connection. 

2,594.0 FRP tubing connection. 

2,623 0 FRP tubing connection. 

2,652.0 FRP tubing connection. 

2,681.0 FRP tubing connection. 

2,710.0 FRP tubing connection. 

2,740 0 Bottom of FRP tubing. Top of landing joint. 

2,742.0 Bottom of landing joint, top of the open hole. 
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Key Largo WTD Injection Well System 
Key Largo, Florida 

Injection Well IW1 

PROJECT LOCATION: 

OWNER: 

VIDEO CONTRACTOR: 

COUNTY: 

DEPTH: 

DESCRIPTION BY: 

Final TV Survey Observation Table 

Key Largo VWVTF 

KLWTD 

Youngquist Brothers, Inc.  

Monroe County, Florida 

3,695 feet bpl 

Lech Kwapinski 

Date: 03/01/2009 

Depth (feet below pad) [)escrtptlon of Features 

From To 

1,804.0 FRP tubing connection. 

1,833 0 FRP tubing connection. 

1,863.0 FRP tubing connection. 

1,892.0 FRP tubing connection. 

1,921.0 FRP tubing connection. 

1,950 0 FRP tubing connection. 

1,979.0 FRP tubing connection. 

2,008.0 FRP tubing connection. 

2,037 0 FRP tubing connection. 

2,066 0 FRP tubing connection. 

2,096.0 FRP tubing connection. 

2,125.0 FRP tubing connection. 

2,154.0 FRP tubing connection. 

2,1840 FRP tubing connection. 

2,213 0 FRP tubing connection. 

2^42.0 FRP tubing connection. 

2,271.0 FRP tubing connection. 

2,300 0 FRP tubing connection. 

2,330 0 FRP tubing connection. 

2,359.0 FRP tubing connection. 

2,388.0 FRP tubing connection. 

2,418.0 FRP tubing connection. 

2,447 0 FRP tubing connection. 

2,477 0 FRP tubing connection. 

2,506.0 FRP tubing connection. 

2,535.0 FRP tubing connection. 

2,564 0 FRP tubing connection. 

2,594.0 FRP tubing connection. 

2,623 0 FRP tubing connection. 

2,652.0 FRP tubing connection. 

2,681.0 FRP tubing connection. 

2,710.0 FRP tubing connection. 

2,740 0 Bottom of FRP tubing. Top of landing joint. 

2,742.0 Bottom of landing joint, top of the open hole. 
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Key Largo WTD Injection Well System Injection Well IW1 
Key Largo, Florida 

Final TV Survey Observation Table 
Date: 03/01/2009 

PROJECT LOCATION: 

OWNER: 

VIDEO CONTRACTOR: 

COUNTY: 

DEPTH: 

DESCRIPTION BY:  

Key Largo WWTF 

KLWTD 

Youngquist Brothers, Inc. 

Monroe County, Florida 

3,695 feet bpi 

Lech Kwapinski 

Depth (feet below pad) Description of Features 

From To 

2,742.0 2963.0 Massive formation with only few, small shallow cavities and vugs. 

2,963.0 2966.0 Frequent fractures. 

2,966.0 3355.0 Massive formation with only few, small shallow cavities and vugs. 

3,355.0 3403.0 Frequent, larger cavities, isolated fractures in zones 2-3 feet wide separated by solid rock. 

3,408.0 3428.0 Frequency of cavities and fractures increase, but still of rather shallow appearance. 

3,430.5 3434.5 Large cavity (cavern), possibly major injection fixture. 

3,435.5 3437.5 Large cavity (cavern), another major injection fixture. 

3,438.0 3460.0 Numerous fractures and cavities; extension of an injection zone. 

3,460.0 3490.0 Occasional fractures and cavities. 

3,490.0 3492.0 Cavity or cavern of a smaller volume. 

3,492.0 3498.0 Occasional fractures and cavities. 

3,498.0 3540.0 Very few cavities and vugs, mostly massive, solid formation. Very limited fluid movement. 

3,540.0 3606.8 Massive, solid formation; occasional shallow cavity. Worsening visibility indicating lack of fluid movement. 

3,606.8 Bottom of the borehole. 
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Key Largo WTD Injection Well System 
Key Largo, Florida 

Injection Well IW1 

PROJECT LOCATION: 
OWNER: 
VIDEO CONTRACTOR: 
COUNTY: 
DEPTH: 
DESCRIPTION BY: 

Final TV Survey Observation Table 

Key Largo WWTF 
KLWTD 
Youngquist Brothers, Inc.  
Monroe County, Florida 
3.695 feet bpl 
Lech Kwapinski 

Date: 03/01/2009 

Depth {feet below pad) Description of Features 
From To 

2,742.0 2963.0 Massive fonnation with only few, small shallow cavities and vugs. 
2,963.0 2966.0 Frequent fractures. 
2,966.0 335S.0 Massive fonnation with only few, small shallow cavities and vugs. 
3,355.0 3403.0 Frequent, larger cavities, isolated fractures in zones 2-3 feet wide separated by solid rock. 
3.408.0 3428.0 Frequency of cavities and fractures increase, but still of rather shallow appearance. 
3,430.5 3434.5 Large cavity (cavern), possibly major injection fixture. 
3,435.5 3437.5 Large cavity (cavern), another major injection fixture. 
3.438.0 3460.0 Numerous fractures and cavities; extension of an injection zone. 
3,460.0 3490.0 Occasional fractures and cavities. 
3,490.0 3492.0 Cavity or cavern of a smaller volume. 
3,492.0 3498.0 Occasional fractures and cavities. 
3,498.0 3540.0 Vety few cavities and vugs, mostly massive, solid formation. Very limited fluid movement. 

3.540.0 3606.8 Massive, solid formation; occasional shallow cavity. Worsening visibility indicating lack of fluid movement. 
3.606.8 Bottom of the borehole. 
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KLWTD Injection Well System Monitor Well MW1 
Key Largo, Florida 

TV Survey Observation Table 

PROJECT LOCATION: 

OWNER: 

VIDEO CONTRACTOR: 

COUNTY: 

DEPTH: 

DESCRIPTION BY: 

Key Largo Wastewater Treatment Plant 

 

KLWTD 

  

Youngquist Brothers, Inc. 

 

Monroe County, Florida 

 

1,702 feet bpi 

 

L. Kwapinski 

 

Date: 05/06/2009 

   

Depth (feet below pad) Description of Features 

From To 
Major Features 

0.0 16.5 Stainless Steel landing section. 

16.5 1,646.0 FRP Tubing ( all connections identified, inside of the tubing found in exellent condition). 

1,646.0 1,653.5 California Packer. 

1,653.5 1,701.0 Open hole. Final depth could not be determined due to extremely poor visibility. 

Minor Features (connections and open hole description) 

16.5 Stainless Steel casing/ FRP tubing connection. 

46.0 FRP tubing connection. 

45.5 FRP tubing connection. 

75.0 FRP tubing connection. 

105.0 FRP tubing connection. 

135.0 FRP tubing connection. 

165.0 FRP tubing connection. 

195.0 FRP tubing connection. 

225.0 FRP tubing connection. 

255.0 FRP tubing connection. 

285.0 FRP tubing connection. 

315.0 FRP tubing connection. 

345.0 FRP tubing connection. 

374.0 FRP tubing connection. 

404.0 FRP tubing connection. 

434.0 FRP tubing connection. 

463.0 FRP tubing connection. 

493.0 FRP tubing connection. 

522.0 FRP tubing connection. 

552.0 FRP tubing connection. 

581.0 FRP tubing connection. 

611.0 FRP tubing connection. 

640.0 FRP tubing connection. 

670.0 FRP tubing connection. 

700.0 FRP tubing connection. 

729.0 FRP tubing connection. 

759.0 FRP tubing connection. 
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KLWTD Injection Well System 
Key Largo, Florida 

TV Survey Observation Table 

Monitor Weil MW1 

PROJECT LOCATION: 

OWNER: 

VIDEO CONTRACTOR: 

COUNTY: 

DEPTH: 

DESCRIPTION BY: 

Key Largo Wastewater Treatment Plant 

KLWTD 

Youngquist Brothers, Inc. 

Monroe County, Florida 

1,702 feet bpl 

L. Kwapinski Date: 05/06/2009 

Depth (feet below pad) Description of Features 

From To 
M^or Features 

0.0 16.5 Stainless Steel landing section. 

16.5 1,646.0 FRP Tubing (all connections identified, inside of the tubing found in exellent condition). 

1,646.0 1,653.5 Califomia Packer. 

1,653.5 1,701.0 Open hole. Final depth could not be determined due to extremely poor visibility. 

Minor Features (connections and open hole description) 

16.5 Stainless Steel casing/ FRP tubing connection. 

46.0 FRP tubing connection. 

45.5 FRP tubing connection. 

75.0 FRP tubing connection. 

105.0 FRP tubing connection. 

135.0 FRP tubing connection. 

165.0 FRP tubing connection. 

195.0 FRP tubing connection. 

225.0 FRP tubing connection. 

255.0 FRP tubing connection. 

285.0 FRP tubing connection. 

315.0 FRP tubing connection. 

345.0 FRP tubing connection. 

374.0 FRP tubing connection. 

404.0 FRP tubing connection. 

434.0 FRP tubing connection. 

463.0 FRP tubing connection. 

493.0 FRP tubing connection. 

522.0 FRP tubing connection. 

5S2.0 FRP tubing connection. 

581.0 FRP tubing connection. 

611.0 FRP tubing connection. 

640.0 FRP tubing connection. 

670.0 FRP tubing connection. 

700.0 FRP tubing connection. 

729.0 FRP tubing connection. 

759.0 FRP tubing connection. 

G:\AProjects\WR\WF PROJECTSM5600OXey Laigo IWIIFInal Constmction & Tasting RapoitGOBY\Appendlces\MW1TV Log xls 



Depth (feet below pad) Description of Features 

From To 

789.0 FRP tubing connection. 

818.0 FRP tubing connection. 

848.0 FRP tubing connection. 

877.0 FRP tubing connection. 

907.0 FRP tubing connection. 

936.0 FRP tubing connection. 

966.0 FRP tubing connection. 

996.0 FRP tubing connection. 

1,025.0 FRP tubing connection. 

1,055.0 FRP tubing connection. 

1,085.0 FRP tubing connection. 

1,115.0 FRP tubing connection. 

1,144.0 FRP tubing connection. 

1,174.0 FRP tubing connection. 

1,203.0 FRP tubing connection. 

1.233.0 FRP tubing connection. 

1,262.0 FRP tubing connection. 

1,292.0 FRP tubing connection. 

1,322.0 FRP tubing connection. 

1,351.0 FRP tubing connection. 

1,381.0 FRP tubing connection. 

1,410.0 FRP tubing connection. 

1,440.0 FRP tubing connection. 

1,469.0 FRP tubing connection. 

1,499.0 FRP tubing connection. 

1,528.0 FRP tubing connection. 

1,558.0 FRP tubing connection. 

1,587.0 FRP tubing connection. 

1,617.0 FRP tubing connection. 

1,646.0 Connection FRP/ California Packer. 

1,653.5 Bottom of the California packer, top of the open hole. 

1,653.5 1,701.0 
Open hole interval: borehole mostly massive with only few larger vugs or cavities scattered along bottom 
half of the borehole wall. 

1,701.0 Visiblity worsening fast below 1698 feet bpl: unable to proceed deeper with the survey. 
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Depth (feet below pad) Description of Features 

From To 

789.0 FRP tubing connection. 

818.0 FRP tubing connection. 

848.0 FRP tubing connection. 

877.0 FRP tubing connection. 

907.0 FRP tubing connection. 

936.0 FRP tubing connection. 

966.0 FRP tubing connection. 

998.0 FRP tubing connection. 

1,025.0 FRP tubing connection. 

1,055.0 FRP tubing connection. 

1.085.0 FRP tubing connection. 

1.115.0 FRP tubing connection. 

1,144.0 FRP tubing connection. 

1.174.0 FRP tubing connection. 

1.203.0 FRP tubing connection. 

1.233.0 FRP tubing connection. 

1,262.0 FRP tubing connection. 

1.292.0 FRP tubing connection. 

1,322.0 FRP tubing connection. 

1,351.0 FRP tubing connection. 

1,381.0 FRP tubing connection. 

1,410.0 FRP tubing connection. 

1,440.0 FRP tubing connection. 

1.469.0 FRP tubing connection. 

1,499.0 FRP tubing connection. 

1,528.0 FRP tubing connection. 

1,558.0 FRP hjbing connection. 

1,587.0 FRP tubing connection. 

1,617.0 FRP tubing connection. 

1,646.0 Connection FRP/ California Packer. 

1,653.5 Bottom of the Califomia packer, top of the open hole. 

1,653.5 1,701.0 
Open hole interval: borehole mostly massive with only few larger vugs or cavities scattered along bottom 
half of the borehole wall. 

1,701.0 Visiblity worsening fast below 1698 feet bpl: unable to proceed deeper with the survey. 
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ARCADIS 

HYDROSTATIC PRESSURE-TEST DATA 
KEY LARGO WASTEWATER TREATMENT DISTRICT 

INJECTION WELL SYSTEM 
INJECTION WELL IW1 

MONROE COUNTY, FLORIDA 

Injection Casing Pressure Test 

Date: March, 3, 2009 
Project Site: Key Largo Wastewater Treatment Plant 

ARCADIS Project No. : WF156000.0000 

Time (hours) Delta min. Pressure(psi) si 

10:15 0 158.0 
10:20 5 158.2 
10:25 10 158.7 
10:30 15 159.0 
10:35 20 159.2 
10:40 25 159.5 
10:45 30 159.7 
10:50 35 160.2 
10:55 40 160.8 
11:00 45 160.8 
11:05 50 161.1 
11:10 55 161.3 
11:15 60 161.5 

The 0 - 300 pound-per-square-inch, 6-inch Mc Daniel brand pressure gauge (KELI I.D. No.KEL-I 30133) was calibrated on 
October 08, 2008. 
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ARCADIS 

HYDROSTATIC PRESSURE-TEST DATA 
KEY LARGO WASTEWATER TREATMENT DISTRICT 

INJECTION WELL SYSTEM 
INJECTION WELL IWI 

MONROE COUNTY, FLORIDA 

Injection Casing Pressure Test 

Date: March, 3, 2009 

Project Site: Key Largo Wastewater Treatment Plant 

ARCADIS Project No.: WF156000.0000 

Time rhours) Delta Time (min.) Pressure fDsi) 

10:15 0 158.0 
10:20 5 158.2 
10:25 10 158.7 
10:30 15 159.0 
10:35 20 159.2 
10:40 25 159.5 
10:45 30 159.7 
10:50 35 160.2 
10:55 40 160.8 
11:00 45 160.8 
11:05 50 161.1 
11:10 55 161.3 
11:15 60 161.5 

The 0 - 300pomd-persquare-inch, 6-inch Mc Daniel brand pressure gauge (KELI I.D. No.KEL-l30l33) was calibrated on 
October 08, 2008. 

G:\APrqjects\WR\WF PROJECTSM 5600a-Key Largo IWlNFmal Constiuctioii & Testing RepoitCX)BY\Appeiidices\FRP Inj Csg Pressure Test.doc 



 

Certificate of Calibration • 
# KELC-57259 

Kimball Electronic Laboratory, Inc. 
Precision Measurement Equipment Specialists 

 

Ugpl 

        

          

          

          

         

         

         

         

Purchase Order # N/A 

KIMBALL ELECTRONIC LABORATORY, INC YOUNGQUIST BROTHERS, 1310. 

8081 W 21 LANE 
HIALEAH, FL. 33016 

Equipment Information KEW KEL-130133 

Description: PRESSURE GAUGE 

15455 PINE RIDGE ROAD 

FT MYERS FL 33908 

Manufacturer: MCDANIEL CONTROLS Cal Date: 07-Oct-08 
Model Number. 300 PSI Cat. Due Date: 07-Jan-09 

Part Number: N/A Cat. Interval: 3 MONTHS 
Range: 0-300 PSI Received: IN TOLERANCE 

Serial Number. N/A 
Calibration Result: PASS 

Environmental Conditions: 72 DEG F / 50 % RH 
Customer I.D.: 
Cust Barcode: 
Cust Location: 
Specifications: 

050808-1 
N/A 
N/A 
+/- 0.25 % FS 

Performed By: YAIRON 
ALVAREZ 

Procedure: SYN54 • 

This Is to certify that the above listed Instrument meets or tweeds al speciflostions as stated in Ma referenced procedure at the points tasted (unless oche vise noted). It has 
been aerated using measurement !standards traceable to the National Institute of Standards and Technology (NISI), or to MST accepted Intrinsic standards of measurement, or 
derived by the rads tips of self-calibration techniques. This calibration is In accordance Mt) Kimball Electona Laboratory, Inc Quality Assurence ManuaL KFJJ'a Duality system a 
A2LA-Aacredded to 1EC-17025 and compiled with MIL-STD-45682A and AMMO& O4O-14894. TURS when applicable we greater than or equal to 4:1; with amended 
uncerednly used to calculate the Test Uncertainty Ratio, with a cartilage factor of K=2 at a confidence level of approarralely 85%, unless ceheninsa noted. 
Any number of factors may cause the csitilsalion Item to drift out of calibration before the reconunended interval has espied. 

Reinarh*: , • ' 
THIS UNIT WAS FOUND TO BE IN TOLERANCE AT THE TIME OF CAUBRATION. 
PERFORMED ROUTINE CAL NO ADJUSTMENTS REQUIRED 

Standr* Klitect:To.Cailbraie teiii(Pment. 
Company I.D. Description Last Cal. Cal. Due Date 

KIN1001 381 EATON UPS 3000BAA PRESSURE INDICATOR 20-Nov-07 30-Nov-09 

Signatures: 

Certified by: 
YAIRON 

ALVAREZ 

,t,‘ recce 1. 

07-Oct-08 

Approved By: 
,TASIT CA 

BALCEIRO 

    

    

9:05:16 AM 07-Oct-08 9:05:57 AM 

This report may not be reproduced, except in full, unless permission for the publication of an approved abstract is obtained in writing from KELI Labs., Inc, 

Kimball Electronic Laboratory, Inc. 8081 W. 21st Lane - Hialeah, FL. 33016 
Tel: 305-822-5792 - Toll Free: 806.393-1094 - Fax: 305-362-3125 - Web: www.kelilabs.com  
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Certificate of Calibration 
# KELC-57259 

Kimball Electronic Laboratory, Inc. 
Precision Measurement Equipment Specialists 

KIMBALL ELECTRONJC LABORATORY, INC 
8081 W 21 LANE 
HIALEAH, FL. 33016 

Equipment Inforniation KELI I.D.: KEL-130133 

Description: PRESSURE GAUGE 
Manufacturer MCDANIEL GONTROlv'; 

Model Number 300 PSI 
Part Number N/A 

Range: 0-300 PSI 

Serial Numtier 
Custonierl.D.: 
Cust Banoode: 
Gust Location: 
Specificatiara: 

N/A 
050808-1 
N/A 
N/A 
+/-0.25%FS 

Purchase Order* N/A 
^Jar;-{VOUllO-j^.; .-^;-; ; / . : , . ; 
YOUNGQUJST BROTHERS, 5iMC. 
15435 PiNE RIDGE ROAD 

FT MYERS 

Gal Date: 
Gal. Due Date: 

Gal. interval: 
Received: 

FL 33908 

07-OCI-08 
07-Jan-09 
3 MONTHS 
IN TOLERANCE 

Calibration Result: PASS 
Environmental Conditions: 72 DEG F / 50 % RH 

Perfonned By: YAIRON 
ALVAREZ 

Procedure: SVN64 

Tiiu Is to ceioy diat the {ftova Rtted litstnmeni nwete Of exoseds all spee^ 
been caStvated using msaauieinent atandaids tmoaabta to the National Instttuta or Standante end leamoiog/ (NIST), or to NIST accsptad Intrinsic standaids of maatuismant or 
derived by flia laiia t|m of sel̂ callbreSan lecMpies. Tnis c a l b ^ ^ 
/UL/VAccredited to I60/IB>17023 and oompaani wĤ  
inicettaMy laed to eatoulata the Test Uncettalnty Ratio, ivilh a o o v ^ ^ 
Any nundser of ftttlois may caun the calibration item to drift out of cefitaratian before Ite 

THIS UNrr WAS FOUND TO BE IN TOLERANCE AT THE TIIWE OF CAUBRATION. 
PERFORMED ROUTINE CAL NO ADJUSTMENTS REQUIRED 

Staiidai^s.d&edTo tialibr^ Ectulpment . 
Company IJ). Description 

KIM0Q1 391 EATON UPS 3000BAA PRbSSURE INDICATOR 

Last Cal. 

20-NOV-07 

Cal. Due Data 

3&-NOV-09 

Signatures; 

Certified by: 
YAIKON 

ALVAREZ 

Approved By: 
,JAV.TCfl 

BALCEIRO 07-Oct-08 9 :05:16 AM BR1.(,EI«0 O7-Oct-08 9:05:57 AM 

This report may not be reproduced, except in ftill, unless permission for the publication of an approved abstract is obtained in writing from KELI Labs., Inc. 

Kimball Electronic Laboratory, Inc. - 8081 W. 21st Lane - Hialeah, FL. 33016 
Tel: 305-822-5792 - To« Free: 806-393-1094 - Fax. 305-362-3125 - Web: viww.kelflabs.com 
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RANGE NOMINAL  j AS  FOUND I AS LEFT * F—17OWLIMIT I HIGH LIMIT I 
300 PSI 

49.25 1 50.75 

1 0 0.0 99.25 100.75 

150.0 149.25 I 15035 

200.0 199.25 200.75 

299.8 299.25 300.75 

100 l 
150 

200 

300 

NEM • 
8081 VAI' LANE 

HIALEAH, FL. 33016 
PH # 305-822-5792 
FAX it 305-362-3125 

CONTROL # : KEL-130133 

CUSTOMER YOU410 

CALIBRATION DATA FORM 

MFR: McDANIEL CON1ROLS [DESCRIPTION : 1 PRESSURE GAUGE 
MODEL 11 : 300 PSI - .25% TECHNICIAN 122 
SERIAL # : N/A I CAL DATE : 07-OCT-08 
CUST ID if: 050808-1 i DUE DATE : t  07-JAN-09 

* IF NO "AS LEFT" READING IS SHOWN ON THIS CHART, IT MEANS THE UNIT WAS IN TOLERANCE AND THERE 

WERE NO ADJUSTMENTS MADE TO IT. 

Page 1 of 1 FORM 300PSI-.25% 

CONTROL #: ICEL-130133 

CUSTOMER YOU4I0 

8081 W;5i LANE 
HL\L£AH,FL 33016 
PH # 305-822-5792 
FAX #305-362-3123 

CALIBRATION DATA FORM 

MFR: McDANIEL CONTOOLS i DESCRIPTION: I PRESSURE GAUGE 
MODEL »: 300 PSI - .25% : TECHNICIAN ; 122 
SERIAL #: N/A 1 CALDATB; ' 07-OCT-08 
CUST ID ft 050808-1 i DUE DATE: ^ Q7-JAN-W 

* IF NO "AS LEFT' READING IS SHOWN ON TfflS CHART, IT MEANS THE UNIT WAS IN TOLERANrE AND THERE 
WERE NO ADJUST\4ENTS MADE TO IT. 

100 100.0 99.25 

T' 150 150.0 - IA9J25 1 150.75 

200 200.0 199.25 200.75 

• " 
300 299.8 299Ji5 1 300.75 

! 

10075 

RANGE NOMINAL AS FOUND AS LEFT * LOWLIMIT HIGHLlIVITr 
300 PSI l_ .-

50 49.8 49.25 50.73 
i 1 

Page I of 1 FORM 300PS1..25% 



ARCADIS 

HYDROSTATIC PRESSURE-TEST DATA 
KEY LARGO WASTEWATER TREATMENT DISTRICT 

INJECTION WELL SYSTEM 
MONITOR WELL MW1 

MONROE COUNTY, FLORIDA 

Lower Monitoring Zone FRP Tubing Pressure Test 

Date: May 4, 2009 
Project Site: Key Largo Wastewater Treatment Plant 

ARCADIS Project No. : WF156000.0000 

Time (hours) Delta Time min. Pressure (pA) 

09:00 0 109.5 
09:05 5 109.2 
09:10 10 109.2 
09:15 15 109.0 
09:20 20 108.8 
09:25 25 108.8 
09:30 30 108.8 
09:35 35 108.7 
09:40 40 108.5 
09:45 45 108.3 
09:50 50 108.0 
09:55 55 108.0 
10:00 60 107.9 

The 0 - 300 pound-per-square-inch, 6-inch Mc Daniel brand pressure gauge (S/N 050808-1) was calibrated on March 25, 2009. 
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ARCADIS 

HYDROSTATIC PRESSURE-TEST DATA 
KEY LARGO WASTEWATER TREATMENT DISTRICT 

INJECTION WELL SYSTEM 
MONITOR WELL MWI 

MONROE COUNTY, FLORIDA 

Lower Monitoring Zone FRP Tubing Pressure Test 

Date: May 4, 2009 

Project Site: Key Largo Wastewater Treatment Plant 

ARCADIS Project No.: WF156000.0000 

Time Chours) Delta Time (min.) Pressure fosi) 

09:00 0 109.5 
09:05 5 109.2 
09:10 10 109.2 
09:15 15 109.0 
09:20 20 108.8 
09:25 25 108.8 
09:30 30 108.8 
09:35 35 108.7 
09:40 40 108.5 
09:45 45 108.3 
09:50 50 108.0 
09:55 55 108.0 
10:00 60 107.9 

The 0 - 300pound-per-square-inch, 6-inch Mc Daniel brand pressure gauge (S/N 050808-1) was calibrated on March 25, 2009. 
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For: 
YOUNGQUIST BROTHERS, INC.' 
15465 PINE RIDGE RD. 
FORT MYERS, FL 33908 

*Ti ff-ZigagN-----E Ozone Industries, Inc. 
INDUSTRIES 

P1/11AIION 

I5465 PINE RIDGE ROAD 

FORT MYERS, FL 114ox 

Purchase Order # 

Precision Measurement Equipment Division 

Calibration Performed By: 
OZONE INDUSTRIES, INC. 
15551 PINE RIDGE RD. 
FORT MYERS, FL 33908 
EQUIPMENT INFORMATION: 

Description: PRESSURE GAUGE 
Manufacter. MCDANIELS 

Model Number 300PS1 
Part Number. N/A 

Range: 0-300 PSI 

Serial Number 050808-1 
Customer ID.: 
Cust. Barcode: N/A 
Cust. Location: N/A 
Specifications: +/- 0.25% FS 

Cal Date: 3/25/2009 
Cal. Due Date: 3/25/2010 

Cal. Interval 12 MONTHS 
Received: IN TOLERANCE 

Calibration Result: PASS 
Environmental Conditions: 74 DEG F / 20% H 

Performed By. B.E.M 

Procedure: STANDARD 

This Je to adept that the exam Listed bletniment meet w==eds al.pealcsdions as slated b the referenced procedure al the peens tamed (unless othentise noted). 21 has balm Calibrated 
ohm measurement standards traceable to the Neconal Inseam of Standards end Tedr10100 WI or to MST accepted IratMsic stendenls of measurement. Cr derived by me ram bps or see. 
calibradon tecteiques. Thor adibradon Is to aocorderne eels Ozone Industries. Inc Qua* ASSUITMC0 Manua My number of Won ma/ muse thdtaSxabon ten to drift out of calibration before 
the recommended Interval has expired. 

Calibration Remarks: 
THIS UNIT WAS FOUND TO BE IN TOLERANCE AT THE TIME OF CALIBRATION. 
PERFORMED ROUTINE CALIBRATION / CERTIFICATION 

Standards Used to Calibrate Equipment: 
Company I.D. Description Last Cal. Cal, Due Date 
OZONE A1731 EATON UPC5000 PNEUMATIC CALIBRATOR 10/30/2008 10/30/2009 

!Signatures:  
Certified by: Ake  0040

.04., 
 

Print: Blake McCullers 
Date: 03/25/09 

Approved by: 
.4
0 itta,t4.1, 

Print Blake McCullers 
Date: 03/25/09 

This report may not be reproduced, except In Mil, unless permission for the publication Wan approved abstract Is obtained in writing from Ozone Industrie& Inc. 

Ozone Industries, Inc. - 15551 Pine Ridge Rd - Fort Myers, FL 33908 
Tel 239-433-3400 - Fax: 239-489-3877 • 

Date of issue: 3126/09 Page 1 of 2 

Z O N E 
I N D U S T R I E S 
C «l H P « K A 1 I O N 

tt46) PINE RIDGE ROAD 
FORT MYERS, FL mox 

Ozone Industries, Inc. 
Precision Measurement Equipment Division 

Purchase Order # 
Calibration Perfomied By; For: 
OZONE INDUSTRIES, INC.  
15551 PINE RIDGE RD.  
FORT MYERS. FL 33908 
EQUIPMENT INFORMATION: 

Description: PRESSURE GAUGE 
Manufecten MCDANIELS 

Model Number SOOPSi 
Part Number N/A 

Range: 0-300 PSI 

Serial Number 050808-1 
Customer I.D.: 
Cust. Barcode: N/A 
Cust. Location: N/A 
Specifications: -•-/• 0.25% FS 

YOUNGQUIST BROTHERS, INC. 
15465 PiNE RIDGE RD. 
FORT MYERS, FL 33908 

Cal Date: 3/25/2009 
Cal. Due Date: 3/25/2010 

Cal. Interval 12 MONTHS 
Received: IN TOLERANCE 

Calibration Result: PASS 
Environmental Conditions: 74 DEG F / 20% H 

Perfonned By: B.E.M 

Procedure: STANDARD 

ustig iiieaiiaanient naniaRti tnoaatte to OiB NaMtot kBiiiin 
«alttmitatta»ilque».TIitoeanrailenlstoa(x«jraanca>iaiOMi»ln^^ 

tacoiwHandBd liihwval baa oxiAau. 

Calibration RemarJts: 
THIS UNIT WAS FOUND TO BE IN TOLERANCE AT THE TIME OF CALIBRATION. 
PERFORMED ROUTINE CALIBRATION / CERTIFICATION 

Standards Used to Calibrate Equipment: 
Company I.D. Description Last Cal. 
OZONE At731 EATON UPC5000 PNEUMATIC CALIBRATOR 10/30/2008 

CaL Due Date 
10/30/2009 

Signatures: 
Certified by: ^ ^ ^ . ^ ^ Approved by: ^ * / ^ J f t ^ 

Print Blake McCullers 
Date: 03/25/09 

Print: Blake McCullers 
Date: 03/25/09 

This report may not bs leptodijcecl, except in iUL unless poinissnn fw 
Ozone Industries, Inc. -15551 Pine Ridge Rd - Fort Myers, FL 33908 

Tel: 239-433-3400 - Fax: 239-489-3877 
Page 1 of 2 | {Date of issue: 3/25/59" 



    

CONTROL NO: 032509-1 

 

OZONE 

 

CUSTOMER: Y8115465 

  

INDUSTBIES 
cswinuArton 

   

  

15463 PINE RIDGE ROAD 

FORT MYERS. FL 33908 

  

PH: 239-433-3400 
FAX: 239-489-3877 

   

CALIBRATION DATA FORM 
MFR: MCDANIELS DESCRIPTION PRESSURE GAUGE 
MODEL NO: 300 PSI .25% TECHNICIAN: 0030 
SERIAL NO: 050808-1 CAL DATE: 03/25/09 
GUST. ID: N/A DUE DATE: 03/25/10 

• IF NO "AS LEFT" READING IS SHOWN ON THIS CHART, IT MEANS THE UNIT WAS IN TOLERANCE AND THERE 
WERE NO ADJUSTMENTS MADE TO IT. 

RANGE: 0-300 PSI 
NOMINAL AS FOUND AS LEFT" LOW LIMIT HIGH LIMIT 

50 50.4 49.25 50.75 

100 100.6 99.25w 100.75 

150 150.55 149.25 1  150.75 

200 199.75 199.25  200.75 

300 299.6 299.25 300.75 

Ozone Industries, Inc. - 15551 Pine Ridge Rd - Fort Myers, FL 33908 
Tel: 239-433-3400 - Fax: 239489-3877 

Date of Issue: 3/25/09 Page 2 of 2 

0ZONE 
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15465 PINE RIDGE ROAO 
FORT MYERS. FL 

CONTROL NO: 032509-1 

CUSTOMER- YB]15465 

PH: 239-433-3400 
FAX: 239-489-3877 

CALIBRATION DATA FORM 
MFR: MCOANiELS DESCRIPTION PRESSURE GAUGE 
MODEL NO: 300 PSI .25% TECHNICIAN: 0030 
SERIAL NO: 050808-1 CAL. DATE: 03/25/09 
CUST. ID: N/A DUE DATE: 03/25/10 

" IF NO "AS LEFT READING IS SHOWN ON THIS CHART, IT MEANS THE UNIT WAS IN TOLERANCE AND THERE 
WERE NO ADJUSTMENTS MADE TO IT. 

RANGE: 0-300 PSI 
NOMINAL AS FOUND AS LEFT* LOWLIMIT HiQHUMIT 

50 50.4 49.25 50.75 

100 100.6 99.25-** 100,75 
> 

150 150.55 149.25 150.75 

200 199.75 199.25 200.75 

300 299.6 299.25 300.75 

Ozone Industries. Inc. -15561 Pine Ridge Rd - Fort Myers, FL 33908 
Tel: 239-433-3406 - Fax: 239-489-3877 

Page 2 of 2 | ^Date of issue; 3/25/09 



WATER METER 2/16/2009 

ACCURACY TEST REPORT 

# MAKE SERIAL# 
LOM 

FLOW INT. FLOW 
HIGH 
FLOW 

I_ 2" 6908720 97.0 99.5 99.0 
1 2 . U.SG  6908721 102.4 99.5 100.0 
.3 DIALOG. . , 

4 METERS 2 GPM 8 GPM _ 65 GPM 
5 
6_ USAGE • 
7 . 187200 
8 153240U 

9 
10 
11 
12  
13 . .. 
14 
15 

,- 

.16, - 
17  
18 
19  
20 . 
21 . , , I 
22 .- I 

123 . 
.74 r , 

-J 

i‘d 
27 s•.. , 

28  
29 

. 

.„ 
30 y • 

31 1 
32 " 1 
33 
34 • 

35 
36 • 

37 g 
38 
39 --1 F 
40,  g 
41 C. 
42 
43  
44 
45 
46 , 
47  
48 

\v‘r/ AA 
MASTER 

101 Regency Parkway 
Mansfield ,Texas 

817 -842-8000 
(800) 765-6518 

FAX# 817-842-8100 
RMA# 21908 

CUSTOMER:  YOUNGOUIST BROTHERS  
TEST DATE: 2/13/2009  

TESTER: STEVE WHITE 

97% 103% Tor Low Flows 

98.5% - 101.5% for Intermediate 
nd High Flows 

Accuracy limits for meters removed 
rom service according to M-6 Manual 
Viable 5-1 

90% - 103.0% for Low Flows 

e L. r.50 \Mek.S WcAef lie 

b'S Ive_c-k‘dA Weal 1 WI  

c)\  1 lo  Auk?. C. 0.1, rc,V),,,\  

C. trk 

OTE: 
ccurapy limits according to 
WWA C708-96 

98.5%- 101.5% for Intermediate 
nd High Flows 

D Meters 98.5% - 101.5% for Intermediate 
nd High Flow 
0% - 101.5% Low Flow 

WATER METER 
ACCURACY TEST REPORT 

2/16/2009 

# MAKE SER1AL# 
LOW • 

FLOW INT. FLOW 
••• HIGH -

FLOW 
3. 2- 6908720 97.0 99.5 99.0 

> 2 USG 690872f 102.4 99.5 100.0 
3 OlALpG 
4 METERS 2 GPM 8 GPM. 65 GPM 
5 
6. USAGE 
7 187200 
8 153240fJ 
9 
10 
11 
12 
13 
14 
15 
.16, 
17 
18 
19 
20 
21 
22 
23 
'»4 

f ° 
27 
2fe 
29 , r 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

MASTBI 
101 Regency Parkway 

Mansfield .Texas 
817-842-8000 

(800)765-6518 
FA)«f 817-842-8100 

RMA#21908 
CUSTOMER: YOUNGQUIST BROTHERS 
TEST DATE: 2/13/2009 

TESTER: STEVE WHITE 

NOTE: 
Accurapy limits according to 
AVVWA C708-96 

97% -103% for Low Flows 

" 98.5% -101.5% for Intennediate 
and High Flows 

Accuracy limits for meters removed 
from service according to M-8 Manual 
Table 5-1 

*90% -103,0% for Low Flows 

*98.5%-101.5% for Intennediate 
and High Flows 

PD Meters 98.5% -101.5% for Intermediate 
and High Flow 
90%-101.5% Low Flow 



RX11296181 
111111111 11 111 11 111 
1- 131i Liquid 
12 mci 
coolie oilterlffe 

MinaltilTAL GRADE 

CAUTION 

RADIOACTIVE 
• MATERIALS 

RX#295161 
1-181 Liquid 

Youngqulst Brothers Inc. 

12 mCi 10:00 
MEDICINAL GRADE 

05/2612009 10:00 
Box: 06:00-2 

Triad Isotopes (239) 277-0990 (800) 890-90 
1840 Boy Scout Drive, Unit A Fort Myers, FL 38907 
FDU/295181 11111111111 DI it 111 
Account Name: Youngquiat Brothers Inc. 
Dellvarg OR: 05120/21109 MOO Contelner2 
Patiehi—.11tDICIKAL GRADE 
Product —: I —131 liquid 
Procedure Plpe.Leak Test 
Physician— : Clay Ferguson 
Ordered Amount: 12 mCi Quantity: 1 Adm. Amt: mCi 
Cal Date1Time—: 05/2812009 10:00 --.--_—
Actual Amount—: 12.288 mCi Quantity: 1 Volume: 10.00 ml (1.22 mellml) 
Exp DateMme 0810412009 23:69 
Filled By: Cr They 
killenti.V549  TH 10.00;1114AL MCC. MEDIC DIAL GRADE 
CAUTION: TO BE USED UNDER THE DIRECT SUPERUISION OF A PHYSICIAN 

RXj;i295161 
l-iai Uquld 

Youngquist Brolhsrs Inc. 

"mci 10:00 
MEDICINAL GRADE iiiliilllllillll 
05/26/2009 10:00 

Box: 06:00 -2 

.̂4 
8X^96161 m 
iiiiiini Hill Hill 
•lil̂ 'A"''""' 
criOiu mttmi 
Cil Tlim flhOO 
MEDIClllAL GRADE 

cJumoN 

RADIOACTIVE 
MATERIiie 

TriatJ Isotopes 
1840 Bov Scout Drive, Unll/ nmmt\ iiiiiiiuiiiiiiiiii 
Account Name: Youngquist Brothers inc. 
DaBvacT 0/T: llsr{llf2(K19 06418 Cflntdnat'.2 
Paliehl :irtOICIfSftL QRADE 
Produci : I-131 liquid 
Procedure —Plpe.LeakT88l 
Pliyslcian : Clay Ferguson 
Ordered Amount: 12 mCi Quantity: 1 
Ce) DalerTime-: 06/28/2009 10:00 

(239) 277 - 0990 (800) 890 - 90̂ 1 
Fori Myers, FL 33907 

Adm. Ami: 
Actual Amount-: 12,238 mCl Quantify: 
Exp Date/rime •: 08/04/2009 23:69 

1 Volume: 10.00 ml (1.22 mCi/ml) 
Filled By: Chrit Flitisr 
Loimiioir -• 
NOTES) SLUE. HI) WO. 

25B3t) 0.0S1 
— Piwii tacc. nEBlciKnt. OMDC 

CAUTtOH: TO BE USES UHOCIt THE DIRECT SUPCAUISim «F A PHVSICIM 



Appendix E 

Injection Test Data, Charts and 

Calibration Certificates 

AppendbcE 

Injection Test Data, Charts and 
Calibration Certificates 



ANS 

 

Injection Test Summary Table 
KLWTD Injection Well System 

Key Largo, Florida 

 

Injection Well lArl 
Date: 05/20/09 
Time Start: 0700 

i Static IW1 Wellhead Pressure (PSI). 35 Totalizer Reading (start): 5266.00 

Static Upper Zone Pressure (PSI) 12.0 Totalizer Reading (finish): 5597.15 

Static Lower Zone Pressure (PSI). 6.8 Average pumping rate (gpm): 4246 
Time Time Elapsed 

(min) 

Flow Rate 

(gpm) 

Injection 
Pressure at 
WeUhead 

(PSI) 

UMZ Wellhead 
Pressure (psi) 

LMZ Wellhead 
Pressure (psi) 

Totalizer 

(Thousand Gallons) 

Calculated Flow 
Rate 

(gpm) 

Remarks 

0650 11.0 6.8 pre-test data, start of logging 
0700 0 0 35.0 11.0 6.8 5266.00 0.00 
0701 1 2000 45.0 1 
0702 2 1300 40.0 
0703 3 1500 42.5 
0704 4 1500 43.5 5266.55 1375 
0705 5 1700 11.0 ' 6.8 5266.68 1300 
0706 6 1600 45.0 5266.80 1200 
0708 8 1600 46.0 5267.11 1550 T=74°C 
0710 10 1500 46.2 11.0 6.8 5267.43 1600 
0712 12 1650 46.5 5267.75 1600 
0715 15 1600 46.5 11.0 6.8 5268.23 1600 T=74°C 
0720 20 1940(7) 46.5 1580 5269 1540 T=74°C 
0726 26 1290 46.5 5269.97 1617 T=74°C 
0730 30 11.0 6.8 
0731 31 1620 46.5 5270.78 1620 adjust flow 
0740 40 1555 46.5 5272.18 1556 T=74°C, adjust flow 
0745 45 1600 46.5 5272.98 1600 
0755 55 1600 46.7 5274.58 1600 T=74°C 
0800 60 1600 46.7 11.0 6.8 5275.40 1640 average flow rate during Q1 = 1567gpm 
0801 1 3000 59.0 6.8 5275.67 2700 pump rate step increase 
0802 2 3000 60.0 5275.97 3000 
0803 3 3000 63.0 5276.27 3000 
0804 4 3500 65.0 5276.62 3500 
0805 5 3500 64.0 11.0 8.8 5276.97 3500 adjust flow down 
0806 6 3400 63.0 5277.31 3400 
0807 7 3000 57.5 5277.61 3000 adjust up 
0808 8 3000 58.0 5277.91 3000 adjust up 
0809 9 3100 60.0 5278.22 3100 
0810 10 3000 60.0 11.0 6.8 5278.52 3000 adjust up 
0811 11 3200 61.5 5278.84 3200 T=74°C 
0812 12 3200 61.5 5279.16 3200 
0815 15 3250 61.5 11.0 6.8 5280.14 3267 T=74°C 
0821 21 61.5 5282.1 3267 
0825 25 3270 61.5 5283.41 3275 
0830 30 3260 61.5 11.0 6.6 5285.04 3260 T=76°C - well head in sun 
0840 40 3240 61.0 5288.28 3240 minor adjust up 
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Injection Well IWI 

Injection Test Summaiy Table 
KLWTD InJecUon WeU System 

Key Largo, Florida 
Date: 05/20/09 
Time Start: 0700 

Static IW1 Wellhead Pressure (PSI). 35  

Static Upper Zone Pressure (PSI) 12.0  

Static Lower Zone Pressure (PSI). 6.8 

Totalizer Reading (start): 5266.00 

Totalizer Reading (finish): 5597.15 

Time Time Elapsed 

(min) 

Row Rate 

(gpm) 

Injection 
Pressure at 
WeUhead 

(PSI) 

UMZ Wellhead 
Pressure (psi) 

LMZ Wellhead 
Pressure (psi) 

Totalizer 

(Thousand Gallons) 

Calculated Flow 
Rate 

(gpm) 

Remarks 

0650 U.O 6.8 pre-test data, start of logging 
0700 0 0 35.0 11.0 6.8 5266.00 0.00 
0701 1 2000 45.0 
0702 2 1300 40.0 
0703 3 1500 42.5 
0704 4 1500 43.5 5266.55 1375 
0705 5 1700 11.0 6.8 5266.68 1300 
0706 6 1600 45.0 5266.80 1200 
0708 8 1600 46.0 5267.11 1550 T=74°C 
0710 10 1500 46.2 11.0 6.8 5267.43 1600 
0712 12 1650 46.5 5267.75 1600 
0715 15 1600 46.5 11.0 6.8 5268.23 1600 T=74"C 
0720 20 1940 (?) 46.5 1580 5269 1540 T=74°C 
0726 26 1290 46.5 5269.97 1617 T=74°C 
0730 30 11.0 6.8 
0731 31 1620 46.5 5270.78 1620 adjust flow 
0740 40 1555 46.5 5272.18 1556 T=74°C, adjust flow 
0745 45 1600 46.5 5272.98 1600 
0755 55 1600 46.7 5274.58 1600 T=74°C 
0800 60 1600 46.7 11.0 6.8 5275.40 1640 average flow rate during Q1 = 1567gpm 
0801 1 3000 59.0 6.8 5275.67 2700 pump rate step increase 
0802 2 3000 60.0 5275.97 3000 
0803 3 3000 63.0 5276.27 3000 
0804 4 3500 65.0 5276.62 3500 
0805 5 3500 64.0 11.0 6.6 5276.97 3500 adjust flow down 
0806 6 3400 63.0 5277.31 3400 
0807 7 3000 57.5 5277.61 3000 adjust up 
0808 8 3000 58.0 5277.91 3000 adjust up 
0809 9 3100 60.0 5278.22 3100 
0810 10 3000 60.0 11.0 6.6 5278.52 3000 adjust up 
0811 11 3200 61.5 5278.84 3200 T=74°C 
0812 12 3200 61.5 5279.16 3200 
0815 15 3250 61.5 11.0 6.8 5280.14 3267 T=74°C 
0821 21 61.5 5282.1 3267 
0825 25 3270 61.5 5283.41 3275 
0830 30 3260 61.5 11.0 6.6 5285.04 3260 T=76°C - well head In sun 
0840 40 3240 61.0 5288.28 3240 minor adjust up 

\\FI6lpUiata\APraject3\WR\WF PROJECTSM5600(H<EY LARGO IWIUniection tesARaw OataUnjTst manual data.xlsx Pago 1 of 3 



Time Time Elapsed 

(mm) 

Flow Rate 

(gPfn) 

Injection 
Pressure at 
WeHhead 

(PSI) 

UMZ Wellhead 
Pressure (psi) 

LMZ Wellhead 
Pressure (psi) 

Totalizer 

(Thousand Gallons) 

Calculated Flow 
Rate 

(gpm) 

Remarks 

0850 50 61.5 6.3 5291.53 3250 T=76°C 
0855 55 61.3 5293.18 3300 
0900 60 61.5 11.0 6.3 average flow during Q2 = 3233 gpm 
0901 1 4400 84.0 5295.27 3483 increase flow to approx 5200 gpm 
0902 2 4800 85.0 5295.75 4800 
0903 3 5000 86.5 5296.25 5000 
0904 4 5000 86.5 5296.75 5000 
0905 5 5200 88.0 11.0 6.3 5297.27 5200 well head shaded 
0906 6 4800 (?) 88.0 5297.75 4800 
0907 7 4800 89.0 5298.23 4800 
0908 8 5200 90.0 5298.75 5200 
0909 9 5000 90.0 5299.25 5000 
0910 10 5200 90.0 11.0 5299.77 5200 T=77°C 
0912 12 5200 90.0 5300.79 5100 minor adjust up 
0914 14 5200 90.5 5301.81 5100 
0915 15 11.0 6.3 
0916 16 5300 91.0 5302.87 5300 
0920 20 91.0 5304.89 5050 Commissioner. Higgins on-site 
0929 29 91.0 5309.47 5089 
0930 30 11.0 6.3 
0943 43 5090 (?) 91.5 5316.60 5093 
0948 48 5060 91.5 5319.13 5060 1=77 adjust up 
0951 51 5070 92.0 5320.65 5067 adjust up 
0955 55 5125 92.0 5322.7 5125 adjust up 
1000 60 5000 92.5 11.0 6.3 5325.23 5060 further flow adjustment not possible 
1005 65 92.5 5327.84 5220 
1016 76 4510 (?) 94.0 11.0 6.3 5333.20 4981 
1025 85 4970 93.5 5337.67 4967 
1030 90 11.0 6.3 
1040 100 4920 94.0 5345.50 5220 
1045 105 4920 94.0 5348.02 5040 
1055 115 4922 94.0 5352.45 4430 
1100 120 5020 94.0 11.0 6.3 5354.93 4960 T=79°C 
1105 125 11.0 6.3 
1110 130 11.0 6.2 
1115 145 11.0 6.2 
1125 145 5020 94.0 6.2 5367.17 4896 SBR tank level approx 7.7' below top (34) 
1130 150 11.0 6.2 
1136 156 94.0 5372.50 4845 
1146 166 94.0 5377.42 4920 T=79°C 
1151 171 4880 94.0 5379.86 4880 average flow during Q3 = 4947 gpm 
1200 0 11.0 6.2 4947 flow rate reduced to approx 4500 gpm 
1203 3 93.0 5385.72 1127 reduce flow 
1204 4 4600 93.0 5386.18 4600 reduce flow 
1205 5 5200 92.0 11.0 6.2 5386.70 5200 reduce flow 
1206 6 4700 92.0 5387.17 4700 reduce flow 
1207 7 4800 90.5 5387.66 4900 reduce flow 

VI6f0datalAProjectsWVRWVF PROJECTS1156000-KEY LARGO MMUnjection tesSRaw Datagngst manual data.xlsx Page 2 of 3 

Time Time Elapsed Row Rate Injection 
Pressure at 
Wellhead 

UMZ Wellhead 
Pressure (psi) 

LMZ Wellhead 
Pressure (psi) 

Totalizer Calculated Flow 
Rate 

Remarks 

(mm) (gpm) (PSI) (T^sand Gallans) (gpm) 
0850 50 61.5 6.3 5291.53 3250 T=76°C 
0855 55 61.3 5293.18 3300 
0900 60 61.5 11.0 6.3 average flow during Q2 = 3233 gpm 
0901 1 4400 84.0 5295.27 3483 increase flow to approx 5200 gpm 
0902 2 4800 85.0 5295.75 4800 
0903 3 5000 86.5 5296.25 5000 
0904 4 5000 86.5 5296.75 5000 
0905 5 5200 88.0 11.0 6.3 5297.27 5200 well head shaded 
0906 6 4800 (?) 88.0 5297.75 4800 
0907 7 4800 89.0 5298.23 4800 
0908 8 5200 90.0 5298.75 5200 
0909 9 5000 90.0 5299.25 5000 
0910 10 5200 90.0 11.0 5299.77 5200 T=77°C 
0912 12 5200 90.0 5300.79 5100 minor adjust up 
0914 14 5200 90.5 5301.81 5100 
0915 15 11.0 6.3 
0916 16 5300 91.0 5302.87 5300 
0920 20 91.0 5304.89 5050 Commissioner. Higgins on-site 
0929 29 91.0 5309.47 5089 
0930 30 11.0 6.3 
0943 43 5090 (?) 91.5 5316.60 5093 
0948 48 5060 91.5 5319.13 5060 T=77 adjust up 
0951 51 5070 92.0 5320.65 5067 adjust up 
0955 55 5125 92.0 5322.7 5125 adjust up 
1000 60 5000 92.5 11.0 6.3 5325.23 5060 further flow adjustment not possible 
1005 65 92.5 5327.84 5220 
1016 76 4510 (?) 94.0 11.0 6.3 5333.20 4981 
1025 85 4970 93.5 5337.67 4967 
1030 90 11.0 6.3 
1040 100 4920 94.0 5345.50 5220 
1045 105 4920 94.0 5348.02 5040 
1055 115 4922 94.0 5352.45 4430 
1100 120 5020 94.0 11.0 6.3 5354.93 4960 T=79°C 
1105 125 11.0 6.3 
1110 130 11.0 6.2 
1115 145 11.0 6.2 
1125 145 5020 94.0 6.2 5367.17 4896 SBR tank level approx 7.7' below top (34*) 
1130 150 11.0 6.2 
1136 *56 94.0 5372.50 4845 
1146 166 94.0 5377.42 4920 T=79°C 
1151 171 4880 94.0 5379.86 4880 average flow during Q3 - 4947 gpm 
1200 0 11.0 6.2 4947 flow rate reduced to approx 4500 gpm 
1203 3 93.0 5385.72 1127 reduce flow 
1204 4 4600 93.0 5386.18 4600 reduce flow 
1205 5 5200 92.0 11.0 6.2 5386.70 5200 reduce flow 
1206 6 4700 92.0 5387.17 4700 reduce flow 
1207 7 4800 90.5 5387.66 4900 reduce flow 
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Time Time Elapsed 

(mm) 

Flow Rate 

(gpm) 

Injechon 
Pressure at 
Wellhead 

(PSI) 

UMZ Wellhead 
Pressure (psi) 

LMZ Wellhead 
Pressure (psi) 

Totalizer 

(Thousand Gallons) 

Calculated Flow 
Rate 

(gpm) 

Remarks 

1209 9 87.0 5388.59 4650 
1210 10 4700 87.0 11.0 6.2 5389.06 4700 
1213 13 4500 86.0 5390.45 4633 
1215 15 4600 86.0 11.0 6.2 
1216 16 4500 85.5 5391.85 4667 adjust flow down 
1220 20 4500 84.5 adjust flow down 
1225 25 4500 84.0 5395.91 4511 
1230 30 10.8 6.2 
1232 32 4500 84.5 10.8 6.2 5399.10 4557 
1300 60 4500 84.0 10.8 6.0 5411.73 4511 1=80°C 
1330 90 4500 84.0 10.8 6.0 5425.17 4480 T=80°C 
1400 120 4500 84.0 10.8 6.0 5438.61 4480 
1430 150 4500 84.0 10.8 6.0 5452.00 4463 T=80°C 
1500 180 4450 83.8 10.8 6.0 5465.50 4500 increase flow (minor adjustment) 
1530 210 4500 84.0 10.8 5.8 5478.62 4373 
1600 240 4500 84.0 10.8 5.8 5491.90 4427 
1630 270 4450 83.8 10.8 5.8 5505.15 4417 minor adjust up 4500gpm 
1700 300 4500 84.0 10.8 5.6 5518.60 4483 tank level 14.5" 15'6" 18+' close 
1730 330 4400 84.0 10.8 5.6 5531.25 4217 SBR tank levels @ 17:40 16.4' 17.5' 19.6' 
1800 0 4500 84.2 10.8 5.8 5544.65 4467 1=79°C 
1830 30 4450 84.0 11.0 5.8 5557.75 4367 adjust up, SBR tanks 17.7' 18.8' 20.3' 
1900 0 4500 85.0 11.2 5.8 5571.1 4450 
1935 35 4400 85.0 11.2 5.8 5586.17 4306 T=79.5 open tank 3 valve 21.1 20.3 19.3 
2000 0 85.0 11.2 6.0 5597.15 4392 average flow during Q4 = 4432 gpm 

Ut6f0datalAProjectsVAIRWVF PROJECTS1156000-KEY LARGO IVV11Iniection test',Raw Data1Incrst manual data.xlsx Page 3 of 3 

Time Time Elapsed 

(mm) 

Row Rate 

(gpm) 

Injection 
Pressure at 
Wellhead 

(PSI) 

UMZ WeUhead 
Pressure (psi) 

LMZ WeUhead 
Pressure (psi) 

Totalizer 

(Thousand Gallons) 

Calculated Flow 
Rate 

(gpm) 

Remarks 

1209 9 87.0 5388.59 4650 
1210 10 4700 87.0 11.0 6.2 5389.06 4700 
1213 13 4500 86.0 5390.45 4633 
1215 15 4600 86.0 11.0 6.2 
1216 16 4500 85.5 5391.85 4667 adjust flow down 
1220 20 4500 84.5 adjust flow down 
1225 25 4500 84.0 5395.91 4511 
1230 30 10.8 6.2 
1232 32 4500 84.5 10.8 6.2 5399.10 4557 
1300 60 4500 84.0 10.8 6.0 5411.73 4511 T=80°C 
1330 90 4500 84.0 10.8 6.0 5425.17 4480 T=80°C 
1400 120 4500 84.0 10.8 6.0 5438.61 4480 
1430 150 4500 84.0 10.8 6.0 5452.00 4463 T=80°C 
1500 180 4450 83.8 10.8 6.0 5465.50 4500 increase flow (minor adjustment) 
1530 210 4500 84.0 10.8 5.8 5478.62 4373 
1600 240 4500 84.0 10.8 5.8 5491.90 4427 
1630 270 4450 83.8 10.8 5.8 5505.15 4417 minor adjust up 4500gpm 
1700 300 4500 84.0 10.8 5.6 5518.60 4483 tank level 14.5° 15'6" 18+' dose 
1730 330 4400 84.0 10.8 5.6 5531.25 4217 SBR tank leve ls® 17:40 16.4' 17.5' 19.6' 
1800 0 4500 84.2 10.8 5.8 5544.65 4467 T=79°C 
1830 30 4450 84.0 11.0 5.8 5557.75 4367 adjust up, SBR tanks 17.7' 18.8' 20.3' 
1900 0 4500 85.0 11.2 5.8 5571.1 4450 
1935 35 4400 85.0 11.2 5.8 5586.17 4306 T=79.5 open tank 3 valve 21.1 20.3 19.3 
2000 0 85.0 11.2 6.0 5597.15 4392 average flow during Q4 = 4432 gpm 
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KLWTD Injection Well System 
Short Term Injection Test IW1 

IW1, UMZ & LMZ Pressures & IW1 Flowrate 
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OZONE  Ozone Industries, Inc. 
Precision Measurement Equipment Division 

15465 PINE RIDGE ROAD 

FORT MYERS. FL 33903 

Purchase Order 8 

INDUSTRIES  
1 P B POPINAT ION 

Calibration Performed By: 
OZONE INDUSTRIES, INC. 
15551 PINE RIDGE RD. 
FORT MYERS, FL 33908 
EQUIPMENT INFORMATION:  

YOUNGQUIST BROTHERS. INC. 
15485 PINE RIDGE RD. 
FORT MYERS, FL 33908 

For: 

Description: 
Aitanufacter: 

Model Number. 
Part Number: 

Range: 

Serial Number. 
Customer 1.0.: 
Cust Barcode: 
Cust. Location: 
Specifications:  

PRESSURE GAUGE 
MCDANIELS 
300PSI 
NIA 
0-300 PSI 

050808-1 

N/A 
N/A 
+/- 0.25% FS  

Cal Date: 
Cal. Due Date: 

Cal. Interval 
Received 

Calibration Result 
Environmental Conditions: 

Performed By 

3/25/2009 
3/26/2010 
12 MONTHS 
IN TOLERANCE 
PASS 
74 DEG F / 20% H 
B.E.M 

Procedure: STANDARD 

Theis to cattily ei*ete oboe. Sued Iretramont moots or exceeds MI opooroaleis so Mood to de relsranoM pr000dumai the poles tooted prime Mambo oldie). A has can UMW 
win meossemeol senderes temese to to. Naborol Imam of Sentards and Toctrober ReST). or %Drilla accepted iretede nendords of MOBIOSOMMIL or Wood by de oleo bye of so& 
menden toemiques. Tee ederstion ts b acconiantoonn 0201111Inesseles. be Oddly Alus0000 laseuaL My motor Olsen moms. Ihdrealeration Atm to Oda cat of abeam Won 
the rocommondod Mime bet aspired. 

Calibration Remarks: 
THIS UNIT WAS FOUND TO BE IN TOLERANCE AT THE TIME OF CALIBRATION. 
PERFORMED ROUTINE CALIBRATION / CERTIFICATION 

Standards Used to Calibrate Equipment 
Company 
OZONE 

I.D. 
A1731 

Description Last Cal. Cal. Due Date 
EATON UPC5000 PNEUMATIC CALIBRATOR 10/30/2008 10/30/2009 

!Signatures:  
Certified by: gerots_ 

Print Blake McCullers 

Approved by: 0.44_ 44., 
Print Blake McCullers 

 

Date: 03/25/09 Date: 03/25/09 

 

nos watt may not be reproduced. eomept in R& unless perndssion for the pubboatiOn of an approved abstract is obtained in veridng from Ozone Industries Into. 

Ozone Industries, Inc. - 15551 Pine Ridge Rd - Fort Myers. FL 3390$ 
Tet• 239-433-3400 - Fax: 239-489-3877 • 

Date of issue: 3/25109 Page 1 of 2 1 

Z O N E Ozone Industries, Inc. 
I N D U S T R I E S 

'••"'"•"»* ^ " P/ec/s/o/1 Measurement Equipment Division 
tun PINE RIOOB ROAD 
FORT MYERS. FL im» 

Purchase Ofder» 
Calibration Perfonned By: 
OZONE INDUSTRIES, INC.  
15551 PINE RI06E RO.  
FORT MYERS. FL 33908 

For 

EQUIPMENT INFORMATION: 
Oescriptioa- PRESSURE GAUGE 
Manufiacter MCDANIELS 

Model Number. SOOPSI 
Part Number N/A 

Range: 0-300 PSI 

Serial Number 050808-1 
Customer (.0.: 
Cust Barcode: N/A 
Cust Location: N/A 
Specifications: -•'/- 0.25% FS 

YOUNGQUIST BROTHERS. INC. 
1546S PINE RIDGE RD. 
FORT MYERS. FL 33908 

Cal Date: 3CS/2009 
Cal. Due Date: 3/25/2010 

Cal. Interval 12 MONTHS 
Received: INTOLERANCE 

Ciriibration Result PASS 
En^ronmental Conditions: 74 DEG F / 20% H 

Perfomied By: B.E.M 

ProcKlure: STANDARD 

TW»l»tocBtliyi>Mll<eetOMt»lliBliiMn«iiwitiart»ertticaediMip«clle^^ 
utkig ineisiinineM MandM traouM IB tM t̂ abonii kiaiktt ef S M ^ ^ 
uSbtaacattttmqtm.T»ttjatiaaunitloaoiaatmK»<^r^^ 
9i# raoocofMnctod Mnvil hss ttQiiwl 

Calibration Remarks: 
THIS UNIT WAS FOUND TO BE IN TOLERANCE AT THE TIME OF CAUBRATION. 
PERFORMED ROUTINE CALIBRATION / CERTIFICATION 

Standards Used to Calibrate Equipment | 
Company LD. Oeserlptlen Last CaL CaL Due Data 
OZONE A1731 EATON UPC5000 PNEUMATIC CALIBRATOR 10/30/2008 10/30/2009 

Signatures: 
certified b y : ^ ^ ^ j „ ^ ^ Approved by: ^ , ^ 5 ^ ^ . ^ ^ ^ 

Print Blake McCullers 
Date: 03/25/09 

Print Blal<e McCullers 
Date: 03^5/09 

This teport (iny rwt be lepraduced. ewept in h«. unlets permission tor the 
Ozone Industries. Ina -15551 Pine Ridge Rd - Fort Myers. FL 33908  

TeL- 23»433-3400 - Fax: 239-489^77  
~ Page 1 OfT^ lOate of issue: 3/25/09 



CONTROL NO:  032509.1 

 

ZONE CUSTOMER Y13115485 

 

INOUSTR/E1  
CORP4IIIATIgiti 

  

 

1546S PINE RIDGE ROAD 
FORT MYERS. FL 13905 

   

PH: 239-433-3400 
FAX: 239-489-3877 

   

CALIBRATION DATA FORM 
MFR: MCDANIELS DESCRIPTION PRESSURE GAUGE 
MODEL NO: 300 PSI .25% TECHNICIAN: 0030 
SERIAL NO: 050808-1 CAL. DATE: 03/25/09 
CUST. ID: NIA DUE DATE: 03/25/10 

• IF NO "AS LEFT" READING IS SHOWN ON THIS CHART, IT MEANS THE UNIT WAS IN TOLERANCE AND THERE 
WERE NO ADJUSTMENTS MADE TO IT. 

RANGE: 0-300 PSI 
NOMINAL AS FOUND AS LEFT * LOW LIMIT HIGH LIMIT 

50 50.4 49.25 - 50.75 

100 100.6 99.25-r. 100.75 

150 150.55 149.25 150.75 

200 199.75 199.25 200.75 

300 299.8 299.25 300.75 

Ozone Industries. Inc. - 15551 Pine Ridge Rd - Fort Myers, FL 33908 
Tei: 239-433-3400 - Fax: 239-489-3877 

Date of Issue: 3/25109 Page 2 of 2 

0ZONE 
r .N.P U g T I B s 
u o a y «i II A T I I I w 
I546J fINE SIOCC ROAO 
FORT MYERS. FL t39«S 

CONTROL NO: 032509^1 

CUSTOMER: YBI15465 

PH: 239-433-3400 
FAX: 239-489-3877 

CALIBRATION DATA FORM 
MFR: MCOANIELS DESCRIPTION PRESSURE GAUGE 
MODEL NO: 300 PSI .25% TECHNICIAN: 0030 
SERIAL NO: 050808-1 CAL. DATE: 03/25/09 
CUST. ID: N/A DUE DATE: 03/25/10 

• IF NO "AS LEFT READING IS SHOWN ON THIS CHART. IT MEANS THE UNIT WAS IN TOLERANCE AND THERE 
WERE NO ADJUSTMENTS lyiAOE TO IT. 

RANGE: 0-300 PSI 
I40MINAL AS FOUND AS LEFT* LOW UMIT HIGH UMIT 

SO 50.4 49.25 50.75 

100 100.6 99.2S-»» 100.75 

ISO 150.55 149.25 150.75 

200 199.75 199.25 200.75 

300 299.6 299.25 300.75 

Ozone Industries. Inc. -15551 Pine Ridge Rd - Fort Myers, FL 33908 
Tet 239-433-3400 - Fax: 239-489-3877 

{Dateofl»ue;3/2S/09 Page2of2 { 



CERTIFIED TEST REPORT 

CUSTOMER: YOUNGOUIST BROTHERS 

MODEL NO: M1.04-20  
METER SERIAL NO: 841404 

CONFIGURATION 

METER INSIDE DIAMETER: 10.n  
DIAL: GAIX 011 

GEARS: / 

ACTUAL. METER INDEX; 

TEST DATE: 4:8:2009 

TEST FACILITY: Volumetric 

CALIBRATION DATA 
PLOW RATE 

GPM ACCURACY 
1 8304.50 101.15 
2 3817.33 100.45 

3 989.80 100.10 

CERTIFIED BY: Paul  Hobbs DATE: 41812009  

This calibration was performed on a primary or secondary test facility. traceable to the National Institute of 
Standards and Technology. USA. Tho estimated flow measurement uncertainty of the calibration facilities are: 

Primary I. 0.15% Secondary +1. 0.5% 

rAelu°-  MCCROMErER 
3265 WEST STETSON AVENUE 

HEMET, CA 92845 USA 
PHONE MO 0524811/FAX (0511052.9070 

WED SITE: http:11~Lniccromotor.com  EMAIL: Inloftmccrontotor.coni 

. .  
) 

( 

dellis. ...or 

_ N :410 PAT,. tua fail  

1111111111111111,131111111.!11111111011111 

CERTIFIED TEST REPORT 
CUSTOMER: YOUNGQUIST OHOTHERS 

MODEL NO: ML04-20 

METER SERIAL NO: 841404 

CONFIGURATION 
METER INSIDE DIAMETER: 19.22 

DIAL: GALX 0/1 

GEARS: / 

ACTUAL METER INDEX; 

TEST DATE: 4 6 2009 

TEST FACILITY: Volumctfic 

CALIBRATION DATA 
PLOW RATE 

GPM 
1 B304.60 

2 3017.33 

3 989.60 

ACCURACY 

101.19 

100.45 

100.ta 

CERTIFIED BY: Paul Hobbs DATE: 4/8/2009 
Wii calibration W<13 peifotmcd on a ptimary or sccondiiry lest (acilily. If acoablo lo iho National inttilulo ol 

Slondords and Tochnology, USA. Tho estimntod llovi moasuremont unccitainly of lite caiibrallon laciiitlos aro: 
Pfimnry • /. 0.15% Secondaiy +/• 0.5% 

McCROMEIER 
326S wear STGT80N AVENUE 

HEMi:T.CA9264»USA 
PHONE (051) OS2-0841 1 FAX (051) 6S2-3070 

WCDSITE: hlt|>:(Aimw.niecromotor.com E-MAIL: lnlo@inccromoror.(om 

841-10-1 



Transducer 

In-Situ Inc Calibration Report 
221 E. Lincoln Ave, Fort Collins, CO 80524 USA, 970.498-1500, 1-800-446-7488 (Toll Free USA & Canada), FAX: 970-498-1598 

Visit us on the Internet at www.ln-altu.comi 

Report Number: 2008110913005342 Calibration Result: PASSED 

   

Calibration Date: 2008-11-09 
Model: PXD-261 
Full Scale Pressure Range: 
Manufacturer: 
Serial Number:  

689.5 kPa (100 PSI) Gauge  
In-Situ 
5342 

Calibration Procedures and Equipment Used: 
Standards used In this calibration are traceable to the National institute of Standards and Technology. 

1. Digital Multi-Meter, liP 3457A, sin 3114A15076 
2. Multi-Channel Thermometer, Instrulab 4312A-15, sin 41039 
3. Platinum RTD, Instrulab 832, sin 12084 
4. 300/100 PSIG Pressure Controller - Sensor 1, Mensor PCS-400, sin 180226 
5. Automated software calibration procedures used 

Range of Applied Temperatures: 4.54 C to 29.61 C 
Range of Applied Pressures: 

Calibration Coefficients: 
Lineatify 0.3830 
Sdele 99.2077 
OffSet -0.5661 

PASS/FAIL Criteria: 

-0.0345 kPa (-0.0050 PSI) to 689.4895 kPa (100,0020 PSI) 

.ftf,:,.7-  r-' 4-  '-'• Applied Pressure Current mA 
--Zero Response -0.0345 kPa (0.0050 PSI) 4.092 
.F611-7Scale Response. n • 689.4895 kPa (100.0020 PSI) 20.156 

-Minimum Maximum 
Temperatilte Stab-Hite/WS) -0.144 0.1Z7 
ftbOatabillty at 15 C (%ES) -0.003 0.009 

PASSED 
PASSED 

PASSED 
PASSED 

0.005 
0.009 

stiregils?(WS)  
aTHSTsbitiiiii-(%FS)  

PASSED 
PASSED 

Test Performed By: wr' Test Verified By: L 
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Transducer 

Calibration Report 
221 E. Lincoln Ave. Fort Collins. CO 60524 USA. ̂ 7Q^49a•̂  SCO, 1-800-446-7468 (Toll Frea USA & Canada), FAX; 970-498-1598 

Report N u m b e r 2008110913005342 

Visit us on the Internet at www.ln-situ.comi 

Calibration Result: PASSED 

Calibration Date: 2008-11-09 
Model: PXD-261 
Full Scale Pressure Range: 689.5 kPa {100 PSI) Gauge 
Manufacturer: In-Situ 
Serial Number: 5342 

Calibration Procedures and Equipment Used: 
standards used In this calibration are traceable to the National Institute of Standards and Technology. 

1. Digital Muni-MetBr, HP 34S7A, s/n 3114A15076 
2. Multi-Channel TItennometer, Instrulab 4312A-1S, s;n 41039 
3. Platinum RTD, Inslnilab 632. s/n 12064 
4.300/100 PSIG Pressure Controller - Sensor 1, Mensor PCS-400, s/n 180226 
5. Automated software calibration procedures used 

Range of Applied Temperatures: 
Range of Applied Pressures: 

4.54 etc 29.61 C 
-0.0345 kPa (-0.0050 PSI) to 689.4895 kPa (100,0020 PSI) 

Calibration Coefficients: 
i.LiFearlty 0.3830 

99.2077 
Offset ' -0.5661 

PASS/FAIL Criteria: 
Applied Pressure Current mA 

"Zero Response -0.0346 kPa (-0.0050 PSI) 4.092 
.FiilliScale Response " 689.4895 kPa (100.0020 PSt) 20.156 

-Minimum Maximum 
Teroperafufe Stability (3̂ »FS) -0.144 0.127 
nmwtiamb/ at 15 C (%FS} -0.003 0.009 

PASSED  
PASSED 

PASSED  
PASSED 

cBVstsrealsf(%FS) 1 0.006 PASSED 
•̂ TlfemiatHvsts'resIs (%FS) 1 0.009 PASSED 

Test Performed By: wr Test Verified By: 

r/j/s calibration report shall not be reproduced, except in full, without the written approval of In-Situ, Inc. 

Document Version 1.01 
© Copyright by In-Situ, Inc. 2004. All rights reserved. 
In-Slto. Win-Situ and miniTROLL are trademarks or registered Irademarks of In-Situ Inc 

Page 1 ol 2 



Report Number: PASSED-1 Calibration Result: 2008080208000320 

2008-08-02 
PXD-261 

Calibration Date:  
Model: 
Full Scale Pressure Range: 
Manufacturer: 
Serial Number: 

206.8 kPa (30 PSI) Gauge 
In-Situ 
320 

-0.067 .Teniperature'Stability (%FS) 

0 021 
0.017 

aiCatelits4.KR$1,-..  
=1 ~tiv$teresis (X)FS) 

PASSED 
PASSED 

PASSED 
PASSED 

Minimum Maximum 

-Reneelability'at 15. 0 (%FS) -0.016 
0.062 
0.010 

Transducer 

In-Situ Inc. Calibration Report 
221 E. Lincoln Ave, Fort Collins, CO 80524 USA, 970.498-1500, 1-800.446-7488 (Toll Free USA & Canada), FAX: 970-498-1598 

Visit us on the Internet at www.ln-situ.Coml 

Calibration Procedures and Equipment Used: 
Standards used in this calibration are traceable to the National Institute of Standards and Technology. 

i. Digital Mulb-Meter, HP 3457A, s/n 3114A15076 
2. Multi-Channel Thermometer, Instrulab 4312A-15, s/n 41039 
3. Platinum RTD, Instrulab 832, s/n 12084 
4. 100 PSIG/A - Pressure Controller, Ruske 7215xi, s/n 55556 
5. Automated software calibration procedures used 

Range of Applied Temperatures: 4.74 C to 29.80 C 
Range of Applied Pressures: 

Calibration Coefficients: 
-LineatiV, 0.2767 
, Scale ' 29.7542 
Offset -0.0716 

PASS/FAIL Criteria: 

-0.0003 kPa (-0.0000 PSI) to 206.8443 kPa (30.0002 PSI) 

. - ..ct;;,-:,-,-.--s--c Moiled Presture. :. - j Current mA 
ZgrckResponse -0.0003 kPa (-0.0000 PSI) 
--FuMaleBelporise 206.8443 kPa (30.0002 PSI) 

14.039 
20.021 

PASSED 
PASSED 

Test Performed By' wr' Test Verified By: 
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Transducer 

iMuSitu Inc . Calibration Report 
221 E. Lincoln Ave. Fort Collins, CO 80524 USA, 970-498-1500,1-800-446-7488 (Toll Free USA & Canada), FAX: 970-498-1598 

Report Number: 2008080208000320 
Visit us on the Internet at www.ln-sltuxomi 

Calibration Result: PASSED 

Calibration Date: 2008-08-02 
Model: PXD-261 
Full Scale Pressure Range: 206.8 kPa (30 PSI) Gauqe 
Manufacturer: In-Situ 
Serial Number: 320 

Calibration Procedures and Equipment Used: 
standards used In this calibration are traceable to the National Institute of Standards and Technology. 

1. Digital Mulli-Mster. HP 3457A, s/n 3114A15076 
2. Multi-Channel Tliermometer, ln3tnjlab4312A-15, s/n 41039 
3. Platinum RTD. Instrulab 832, s/n 12084 
4. 100 PSIG/A - Pressure Controller, Ruska 7215xi, s/n 55556 
5. Automated software calibration procedures used 

Range of Applied Temperatures: 
Range of Applied Pressures: 

4.74 C to 29.80 C 
-0.0003 kPa (-0.0000 PSI) to 206.8443 kPa (30.0002 PSI) 

Calibration Coefficients: 
'Litie'aHty-: 0,2767 
.Scale' 29.7542 
Offset -0.0716 

PASS/FAIL Criteria: 
Applied Pressure "~ 1 Current mA 

ZerdResponse -0.0003 kPa (-0.0000 PSI) 4.039 PASSED 
î un^S^e-J^esporise 206.8443 kPa (30.0002 PSI) 1 20.021 PASSED 

Minimum Maximum 
.Terriperatu're Stability (%FS) -0.067 0.062 PASSED 
Repeafabilltv at 16 0 (%FS) -0.016 0.010 PASSED 

a4vilgl§ts^?^JSJt.-. 0 021 PASSED 
^TMaiH^^steresis .{%FS) 0.017 PASSED 

Test Performed By wr" Test Verified By: 
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Calibration Report In-Situ Inc- 

wr' Test Performed By: Test Verified By: 

Page 1 of 2 
Document Version 1.01 
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221 E. Lincoln Ave, Fort Collins, CO 80524 USA, 970-498-1500, 1.800-446-7488 (Toll Free USA & Canada), FAX: 970-498-1598  

Visit us on the Internet at www.ln-sltu.coml 

Report Number: Calibration Result: PASSED 2008080208005110 

Model: 
Full Scale Pressure  Range: 
Manufacturer: 
Serial Number: 

206.8 kPa (30 PSI) Gauge 
In-Situ 
5110 

Calibration Procedures and Equipment Used: 
Standards used In this calibration are traceable to the National Institute of Standards and Technology. 

1. Digital Multi-Meter, HP 3457A, s/n 3114A15076 
2. Multi-Channel Thermometer, Instrulab 4312A-15, sin 41039 
3. Platinum RTD, Instrulab 832, sin 12084 
4. 100 PSIEVA - Pressure Controller, Ruska 7215x1, s/n 55556 
5. Automated software calibration procedures used 

Range of Applied Temperatures: 4.74 C to 29.80 C 
Range of Applied Pressures: -0.0003 kPa (-0.0000 PSI) to 206.8454 kPa (30.0004 PSI) 

Calibration Coefficients: 
LinkiiityL 0.2672 
Sal--  ' • 29.8380 
Offset -0.0114 

PASS/FAIL Criteria: 
Applied Pressure i Current mA 

PASSED Zero-Responsei . -0.0003 kPa (-0.0000 PSI) 4.007 
-Hill.Scale--Resp.onse 206.8454 kPa (30.0004 PSI) L19.950 PASSED 

PASSED 
Minimum Maximum 

TeMperatute.:StabilitY.(%FS) -0.049 0.100 
FtejjeatiibiliVat 15 C (%FS) -0,012 0.009 PASSED 

PASSED 0.015 [HysteresisJ%FS) 
Thermal:'HySteresis (%Fg)‘  0.020 PASSED 

This calibration report shall not be reproduced, except in full, without the written approval of In-Situ, Inc. 

Transducer 
In-Situ Inc. Calibration Report 

221 E. Lincoln Ave, Fort Collins, CO 80524 USA, 970-498-1500, 1-800-446-7488 (Toll Free USA & Canada), FAX: 970-498-1598 
Visit us on the Internet at www.ln-sltu.coml 

Report Number: 2008080208005110 Calibration Result: P A S S E D 

Calibration Date: 2008-08-02 
Model: PXD-261 
Full Scale Pressure Range: 206.8 kPa (30 PSI) Gauae 
Manufacturer: In-Situ 
Serial Number: 5110 

Calibration Procedures and Equipment Used: 
standards used In this calibration are traceable ta the National Institute of Standards and Technology. 

1. Digital Mulli-Meter, HP 3457A, s/n 3114A1507S 
2. Muili-Channel Thermometer, Instrulab 4312A-15, s/n 41039 
3. Platinum RTD, Instrulab 832, s/n 12084 
4.100 PSIG/A - Pressure Controller. Ruska 7215xi, s/n 55556 
5. Automated software calbration procedures used 

Range of Applied Temperatures: 
Range of Applied Pressures: 

4.74 C to 29.80C 
-0.0003 kPa (-0.0000 PSI) to 206.8454 kPa (30.0004 PS!) 

Calibration Coefficients: 
LInM'city-;' 0.2872 
Scale """ ' 29.8380 
Offset -0.0114 

PASS/FAIL Criteria: 
Applied Pressure Current mA 

Zero-Response' -0.0003 kPa (-0.0000 PSI) 4.007 
"FQlirScalelResponse 206.8454 kPa (30.0004 PSI) 19.950 

Minimum Maximum 
Terapetatura'Slabillty' (%FS) -0.049 0.100 
Riepeatabllif̂  at 16 C (%FS) -0.012 0.009 

- Hystete3i5.(%FS) 0.015 
ThermalfHysiteresis (%FS)' 0.020 

PASSED  
PASSED 

PASSED  
PASSED 
PASSED  
PASSED 

Test Performed By: wr' Test Verified By 
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Transducer 

In-Situ Inc- Calibration Report 
221 E. Lincoln Ave, Fort Collins, CO 80524 USA, 970-498-1500, 1-800-446-7488 (Toll Free USA & Canada). FAX: 970-498-1598  

Visit us on the Internet at www.ln-situ.coml 

Understanding the Transducer Calibration Report 
Page 1 provides calibration information for your In-Situ pressure transducer. Page 2 provides an 
explanation of the results and a brief description of our rigid test procedures. We include this information 
so that you may have a better understanding of our calibration procedures relative to the high accuracy of 
our products. We take our published specifications seriously, and in most cases, the actual results of our 
calibration report exceed those specifications. 

The Calibration Procedure 

We run six separate cycles (nominally 5°C, 15°C, 30°C, 15°C, 15°C, and 15°C) to test the transducer's 
performance and ability to repeat readings at constant temperatures. For each cycle, the transducer is 
temperature-stabilized, then pressure readings are taken from 0 to full scale (FS) pressure and back to 0 
in 10% FS steps (22 data points). 

The transducer is optimized for operation at 15°C, a temperature that characterizes a majority of 
groundwater applications. 

Calibration Coefficients 

The transducer's coefficients are also found on the probe's data tag. These are the coefficients to enter 
into In-Situ's data loggers before running a test. Instructions for programming Linearity, Scale, and Offset 
may be found in the data logger operator's manual. 

PASS/FAIL Criteria  

"Deviation" refers to the difference between the transducer readings and our NIST-traceable (National 
Institute of Standards and Technology) pressure standard. mA = milliAmps, FS = Full Scale. 

Zero Response: Response of the probe, in mA, when 0 PSI pressure is applied. 

Full Scale Response: Response of the probe, in mA, when full scale pressure is applied. 

Temperature Stability: Minimum and maximum % FS deviation over the first four cycles. 

Repeatability at 15°C: Minimum and maximum % FS deviation over the last three cycles. 

Hysteresis: Maximum difference between % FS deviations over the last three cycles. 

Thermal Hysteresis: Maximum difference between % FS deviations between the first two 15°C cycles. 
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Understanding the Transducer Calibration Report 
Page 1 provides calibration information for your In-Situ pressure transducer. Page 2 provides an 
explanation of tiie results and a brief description of our rigid test procedures. We include this information 
so tiiat you may have a better understanding of our calibration procedures relative to the high accuracy of 
our products. We take our published specifications seriously, and in most cases, the actual results of our 
calitjration report exceed those specifications, 

Tfie Calibration Procedure 

We run six separate cycles (nominally 5*0. IS'C, 30''C. 15°C, 15'>C, and 15°C) to test the transducer's 
perfonnance and ability to repeat readings at constant temperatures. For each cycle, the transducer is 
temperature-stabilized, then pressure readings are taken from 0 to full scale (FS) pressure and back to 0 
in 10% FS steps (22 data points). 

The transducer is optimized for operation at 15<'C, a temperature that characterizes a majority of 
groundwater applications. 

Calibration Coefficients 
The transducer's coefficients are also found on the probe's data tag. These are the coefficients to enter 
into In-Situ's data loggers before running a test. Instructions for programming Linearity, Scale, and Offset 
may be found in the data logger operator's manual. 

PASS/FAIL Criteria 
"Deviation" refers to the difference between the transducer readings and our NIST-traceable (National 
Institute of Standards and Technology) pressure standard. mA = milllAmps, FS = Full Scale. 

Zero Response: Response of the probe, in mA, when 0 PSI pressure is applied. 

Full Scale Response: Response of the probe, in mA, when full scale pressure is applied. 

Temperature Stability: Minimum and maximum % FS deviation over the first four cycles. 

Repeatability at 15*C: Minimum and maximum % FS deviation over the last three cycles. 

Hysteresis: Maximum difference between % FS deviatbns over the last three cycles. 

Thermal Hysteresis: Maximum difference between % FS deviations between the first two IS^C cycles. 
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Appendix F 

Electronic Files of 

-Weekly Construction Reports 

-Casing Seats, Monitor Zone Intervals 

and Injection Test Requests (Text 
Only) 

-Geophysical Logs 

-Mill Certifications and FRP Product 

Sheets 

-Packer Testing Data and Analytical 

Reports 

-Water Quality Analytical Reports 

-Injection Test Raw Data 

ApiMndixF 

Electronic Files of. 

-Weekly Construction Reports 

-Casing Seats, l\tonitorZone Intervals 
and Injection Test Requests (Text 
Only) 

•Geophysical Logs 

-Mill Certifications and FRP Product 
Sheets 

-Packer Testing Data and Analytical 
Reports 

-Water Quality Analytical Reports 

-Injection Test Raw Data 
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