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INTRODUCTION

This report provides the results of drilling and testing of the Floridan Blending Test
Well for the City of Sunrise. This project was developed as a result of the City of
Sunrise’s efforts to develop an alternative water supply to help meet the potable
water demands of the City and its large users. The project was partially funded
under the South Florida Water Management District’s (SFWMD) Alternative Water
Supply Grant Funding Program.

The test well was drilled with the objective to blend brackish water from the Upper
Floridan Aquifer with the membrane softening (nanofiltration) permeate water
from the existing Sawgrass Water Treatment Plant (WTP). This alternative water
source would potentially increase the supply of treated water without additional
withdrawals from the Biscayne Aquifer. In addition, since it is proposed to blend
this brackish water downstream from the primary treatment system, the losses
typically realized in a membrane treatment process would be eliminated.

The test well is located at the Melaleuca pump station near Flamingo Road and SR
84 as shown in Figure 1.

GEOLOGY
Background

The State of Florida lies on the Florida Platform on the southeastern edge of the
North American continent. The platform extends 400 miles north to south and
nearly 400 miles east to west (at its widest point). More than half of the platform is
presently under water, leaving a narrow peninsula of land extending from the
mainland. A thick sequence of primarily carbonate rocks, nearly five thousand feet
thick (in southern Florida) and ranging in age from mid-Mesozoic to Recent, forms
the Florida Platform (Scott, 1992). The stratigraphy and aquifer systems under
discussion in this report range in age from Early Eocene to Late Pleistocene.

Floridan Blending Test Well Site-Specific Geology

During drilling and testing of the Test Well, undifferentiated Plio-Pleistocene-aged
limestone, sand, clay, and variable amounts of whole and broken pelecypod and
gastropod material were observed from land surface to a depth of approximately
270 feet below land surface (bls). These sediments unconformably overlie the
Miocene-aged Hawthorn Group (Scott, 1988). At the location of the test well, the
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Hawthorn Group extends from approximately 205 feet to approximately 1,010 feet
bls, for a total thickness of approximately 805 feet. The Hawthorn Group is
generally segregated into two formations including an upper unit called the Peace
River Formation and a lower unit called the Arcadia Formation. The Peace River
Formation was identified in this well between 205 feet and 470 feet bls and consists
of a light green to dark olive clay and carbonate silt. The clay/silt is plastic and
interbedded with minor amounts of light olive gray to white limestone. The
clay/silt contains quartz sand, silt, a minor percentage of pelecypod material, with
calcite and dolostone cement.

The Arcadia Formation occurs in the well between 470 feet and 1,010 feet bls and is
composed of interbedded argillaceous limestone and clay. Limestones of the
Arcadia Formation are generally light gray to white, poor to moderately indurated
mudstones. In contrast to the Peace River Formation, the Arcadia Formation
contains a greater percentage of limestone. Figure 2 depicts a cross-section of the
local hydrologic and lithologic features of the Test Well site.

Lying below the Hawthorn Group is the Oligocene-age Suwannee Limestone
(Miller, 1986). The top of the unit was encountered at a depth of approximately
1,010 feet bls in this well. The Suwannee Limestone is comprised of white to
medium gray, well-indurated, highly fossiliferous packstones and grainstones.
Some bioclasts are represented as moldic porosity, and high porosity and
permeability are present. Locally, the rock is recrystallized. Biotics include
bryozoans, gastropods, pelecypods, cnidarians, foraminifera, and plant fossils. The
Suwannee Limestone is approximately 60 feet thick in this vicinity.

Below the Suwannee Limestone is the Eocene-aged Avon Park Formation, the top
of which is located at 1,070 feet bls. It is composed of fine-grained, micritic to
fossiliferous limestone and dolomitic limestone (Reese, 2000). Locally, the unit is
composed of thin layers of very hard micrite of low porosity and permeability
interbedded with layers of 15 to 40 percent intergranular and secondary porosity.
Abundant foraminifera and echinoids are present in the Avon Park, which is
present to the total depth of 1,400 feet bls.

HYDROGEOLOGY
Surficial Aquifer System
The surficial aquifer system is present to a depth of 270 feet bls at the Test Well site.

Within the surficial aquifer system is the Biscayne Aquifer, which is the source of
most of the drinking water in Palm Beach, Broward, and Miami-Dade Counties.
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The Biscayne Aquifer is composed of the Miami Oolite, Fort Thompson Formation
(Pleistocene), and the Tamiami Formation. The Tamiami Formation (Pliocene) is
less permeable than the two limestone formations lying above and represents the
base of the Biscayne Aquifer at this location. The Tamiami Formation lies
unconformably over the Hawthorn Group, which forms the confining unit below.
Water within the surficial aquifer is fresh, with chloride concentrations of between
10 milligrams per liter (mg/L) and 100 mg/L. The surficial aquifer system is an
unconfined aquifer, recharged by rainfall and surface water canals.

Hawthorn Confining Unit

The Hawthorn Confining Unit extends from approximately 205 feet to 1,010 feet bls
and includes clay, sand, silt, and low porosity limestones. This aquitard comprises
the upper confining unit that overlies the Floridan Aquifer System. While minor
amounts of water can be found in the sands and lower limestones of the Hawthorn
in Broward County, insufficient flow and an abundance of uncemented sands
typically inhibit these intervals from development for water production.

Floridan Aquifer System “Upper Floridan Aquifer”

The Upper Floridan Aquifer extends from approximately 1,010 to 1,900 feet bls in
the vicinity of this test well. The test well is completed within this aquifer. The
aquifer includes sediments of the Suwannee Limestone and the Avon Park
Formation. Within the Upper Floridan Aquifer are high permeability, inter-aquifer
“flow zones” separated by lower permeability units.

Water within this portion of the aquifer is brackish, with typical chloride
concentrations of approximately 2,000 to 3,000 mg/L. At the test well site, the
chloride concentrations of this interval were in excess of 4,500 mg /L.

CONSTRUCTION SEQUENCE

A 32-inch, steel “conductor” casing was installed by Diversified Drilling
Corporation (DDC) to avoid any cave-ins from the surface and ensure stable
conditions for the equipment and drilling rig. The casing was cemented in place to
a depth of 37 feet bls on April 7, 2006. Drilling of the test well began on April 20,
2006.

Pilot Hole to 220 Feet bls

A pilot hole was drilled to a depth of 220 feet bls using direct mud-rotary drilling in
a closed circulation where mud was contained and no fluids were discharged from
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the well. A 12.25-inch diameter bit was used to drill from 37 feet bls to a depth of
220 feet bls. The drilling of the pilot hole was completed on April 25, 2006.
Geophysical logging of the pilot hole was conducted by MV Geophysical Logging
on April 26, 2006. Copies of the logs are attached as (.pdf) files in Appendix A.

Reaming and Installation of Surface Casing

The pilot hole was reamed to 30.75 inches from 37 feet bls to a depth of 205 feet bls
in preparation for installation of the surface casing. Reaming was completed on
May 3, 2006. A Caliper log was conducted over the entire length of the borehole on
May 4, 2006 to identify a mechanically secure depth for the surface casing and to
determine the volume of the hole for cement calculations. Dredging of the borehole
was performed to clear any ledges that might obstruct the installation of the casing
and to remove debris. A final Caliper log was completed on May 9, 2006.

The 26-inch outside diameter (OD) steel surface casing was installed at a depth of
195 feet bls and cemented on May 17, 2006. The casing was pressure grouted with
93 barrels of neat cement (15.4 Ibs/gal) in one stage to land surface. A theoretical
annular volume of 81.6 barrels was calculated from the caliper log prior to
cementing.

A 25-inch diameter bit was used to drill out the cement inside the casing. Cement
was encountered at 180 feet bls (15 feet inside the casing) and was drilled out to a
depth of 214 feet bls.

Pilot Hole to 1,200 Feet bls

Drilling of the pilot hole to 1,200 feet bls resumed using direct mud-rotary drilling.
A 12.25-inch diameter bit was used to drill the pilot hole from 214 feet bls. Drilling
of the pilot hole began on May 22, 2006, and was completed to 1,200 feet bls on June
2,2006. A lithologic description of the borehole is attached in Appendix B.

Geophysical logging of the pilot hole to land surface was performed by MV
Geophysical Logging on June 3, 2006, to determine borehole characteristics. Copies
of the logs are attached as (.pdf) files in Appendix A.

Based on the lithology and geophysical logging results, 1,080 feet bls was selected
as the casing setting depth for the final casing. The zone at 1,080 feet bls marked
the top of a competent limestone with a lower sand content than the overlying
section of the Upper Floridan Aquifer.
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Reaming and Installation of Final Casing

A 25-inch diameter bit was used to ream out the pilot hole from 195 feet bls to a
depth of 1,085 feet bls for installation of the final casing. Reaming was completed
on July 17, 2006. A Caliper log was conducted over the entire length of the borehole
on July 17, 2006. The 17-inch OD Fiberglass Reinforced Plastic (FRP) final casing
was installed to a depth of 1,080 feet bls and cemented on July 21, 2006.

The casing was cemented in place in five stages with a total of 515 barrels of
cement. On the first stage, the casing was pressure grouted with 32 barrels of neat
cement (15.4 lbs/gal) and 85 barrels of cement with 6-percent bentonite (13.5
Ibs/gal). The following four stages were performed using the tremie method with
6-percent bentonite cement. A theoretical annular volume of 589 barrels was
calculated from the caliper log prior to cementing.

Open Hole to 1,400 Feet bls

Mud drilling was continued with a 12.25-inch diameter bit to drill out the cement
inside the final casing. Cement was encountered at 1,076 feet bls (4 feet inside the
casing). Drilling was then switched to reverse-air rotary to drill the open hole from
the base of the fiberglass casing. The open hole was drilled in an “open-circulation”
manner, allowing no re-circulation of water down the borehole. A PVC pipe was
used to allow the discharge of the well to flow into the North New River Canal,
located south of the property under a National Pollutant Discharge Elimination
System (NPDES) permit.

Drilling of the open hole began on August 8, 2006, and was completed on August 9,
2006. Lithologic samples were collected and analyzed during drilling of the pilot
hole. A lithologic description of the borehole is included in Appendix B.

Geophysical logging was first performed in the open-hole on August 11, 2006.
During logging, one of the logging tools was stuck at the base of the casing.
Attempts to free the tool resulted in breaking the cable. The tool was fished from
the hole on August 15, 2006.

A preliminary video of the borehole to total depth showed some damage to the
final FRP casing caused by the drill bit. On September 5, 2006, the hole was
backfilled with gravel to 1,094 feet bls. On September 6, 2006, the drilling
contractor installed a 12-inch ID, 316-stainless steel liner from 1,052 to 1,095 feet bls.
The liner was installed to seal any sand-producing zones exposed in the lower
portion of the casing. The liner was seated at 1,095 feet bls to utilize a ledge at that
depth for additional support. The liner was cemented in place using the tremie
method.
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Geophysical logging of the pilot hole from 1,400 feet bls to land surface was
conducted by MV Geophysical Logging on September 20, 2006. Copies of the
geophysical logs are attached as *.pdf files in Appendix A.

Back Plugging the Open Hole

Due to the elevated TDS levels encountered during drilling of the pilot hole and
initial development, the open hole was plugged back with cement in an attempt to
seal off the higher salinity water so the well could still be utilized as a blending
well. The hole was backplugged to 1,185 feet bls in four stages.

Development and Pump Testing of the Well

DDC installed a submersible pump in the well on October 4, 2006. Development of
the well began on October 5, 2006. The well was developed through October 13,
2006. A total of 1,223,000 gallons of water were evacuated during this period. A 4-
hour step rate test of the open hole was performed on November 6, 2006.

MYV Geophysical Logging performed a final video of the well from land surface to
total depth on November 8, 2006. The video, in DVD format, is included in
Appendix A. The open hole interval in the test well is from 1,095 feet bls to 1,174
feet bls. A diagram of the completed well is presented as Figure 3.

GEOPHYSICAL LOGGING PROGRAM
Pilot Hole Logs Run from 0 Feet to 220 Feet bls

The following logs were run in the 12.25-inch diameter pilot hole prior to selection
of the 26-inch OD steel surface casing setting depth:

¢ Dual induction (DI) / Spontaneous potential (SP)
* Borehole compensated sonic (BHCS) with Variable density log (VDL)
e XY Caliper / Gamma Ray

The pilot hole logs were used to identify the depth of the base of the surficial
aquifer and to identify competent formation at which to set the surface casing. The
caliper log was run to identify and evaluate the physical nature of the surficial
aquifer formation materials. The Dual-Induction/SP log was used to measure
porosity changes within the formation materials and the gamma ray log aided in
identification of the clays associated with the Hawthorn Group by a measurement
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of natural gamma radiation. The base of the surficial aquifer can typically be
identified by the accumulation of sediments that emit gamma rays indicating a
formation change. A gamma ray log is run as a part of every logging suite, because
it provides correlation due to the characteristics of the gamma ray emissions, which
are related to the physical properties of a specific formation.

Pilot Hole Logs Run from 190 Feet to 1,200 Feet bls

The following logs were run in the 12.25-inch diameter pilot hole prior to selection
of the 17-inch OD FRP final casing setting depth:

¢ Dual induction (DI) / Spontaneous potential (SP)
* Borehole compensated sonic (BHCS) with Variable density log (VDL)
e XY Caliper / Gamma Ray

The primary objective of this logging suite was to identify the limestone that marks
the base of the Hawthorn Group and the top of the Suwannee Limestone and to
pick a mechanically secure depth for the surface casing. The mechanical properties
of the formations were evaluated using the caliper log in order to determine an
appropriate casing setting depth. The Dual-Induction/SP log was conducted to
identify the formation change between the Hawthorn Group and Suwannee
Limestone by variation in formation porosity and density and the reduction in clay
mineral concentration. The gamma ray log was used for depth correlation and to
identify the high concentrations of phosphate nodules at the base of the Hawthorn
Group, which mark the top of the Suwannee Limestone.

Pilot Hole Logs Run from 1,080 Feet to 1,400 Feet bls

The following logs were run in the completed 12.25-inch diameter open hole upon
completion of the well.

X-Y Caliper / Gamma Ray

Dual Induction/ Spontaneous Potential (SP)

Borehole Compensated Sonic (BHCS) with Variable Density Log (VDL)
Video Television Survey

Fluid Conductivity / Temperature Log

Dynamic Flowmeter Log

These geophysical logs were used to identify the changes in water quality and the
producing zones in the well. The logs were also performed to assess mechanical
formation properties prior to selecting a back plugging depth and the final depth of
the well.
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The caliper log was performed to assist in identifying fractures, solution features
and borehole wall collapse which are all associated with producing intervals in the
carbonate formations found in this interval (Suwannee Limestone and Avon Park
Formation). The Dual-Induction log was particularly useful in identifying the
changes in water quality with relation to depth in the borehole. This log, used
together with the formation porosity calculated from the sonic log, provided an
estimate of the formation water resistivity and total dissolved solids in the well. A
plot of Log-Derived TDS with depth is presented as Figure 4. The gamma ray log
was used with the Dual-Induction/SP log data to identify formation boundaries
and lithology changes within the formations.

The dynamic temperature and fluid conductivity logs were used to directly detect
the producing intervals by measuring the water flow, the temperature changes, and
the water quality changes generated by water production. The caliper log was used
with the BHCS and Dual-Induction logs to identify fracture planes, producing
zones, and confining intervals. The producing zones were evaluated in terms of
water production potential and water quality for the selection of the total depth of
the test well.

WELL TESTING

Before commencement of air-drilling activities and directing well discharge to the
North New River Canal, the well was sampled for metal parameters as specified in
the NPDES permit. The results of the water quality analysis are included in
Appendix C.

Drill Stem Water Quality

During reverse air drilling of the open hole section of the test well, water quality
samples were collected and analyzed every 30 feet to provide an estimate of the
water quality profile at the Melaleuca site. The samples were analyzed in the field
by the contractor.

To obtain a more representative sample of water from the corresponding depth, the
well was drilled using an open-circulation system, allowing no re-circulation of
water back down the borehole. At every drill pipe connection (30-foot lengths),
water was allowed to flow from the drill pipe until formation water was evacuated
prior to collecting the sample.
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Water quality sampling was performed throughout the drilling of the open hole to
1,400 feet bls. The results of the analyses indicated an increase in concentration of
total dissolved solids (TDS) with depth in the open hole. The field TDS values
ranged from 11,680 to 15,520 mg/L, between 1,171 and 1,390 feet bls, respectively
(Table 1). These values are 3 to 4 times greater than the concentrations anticipated
for this interval.

Table 1
Drill Stem Field Water Quality

Parameters
Depth Specific Total Chloride pH Temperature
(feet) Conductivity | Dissolved | (mg/L) | (Std. Units) (°C)
(milliSiemens Solids
(mS)) (mg/L)
1,113 ND ND 2,628 8.27 29.6
1,143 ND ND 1,585 7.90 31.2
1,171 13.60 11,680 4,004 8.08 27.0
1,200 14.60 12,700 5,840 7.89 29.6
1,230 14.60 12,740 5,690 7.97 27.7
1,260 14.70 12,900 4,000 7.97 28.1
1,290 15.16 13,390 4,160 8.07 24.6
1,328 16.03 14,220 3,980 7.86 242
1,360 16.17 14,310 4,600 7.82 28.2
1,390 17.30 15,520 5,760 7.94 24.5

ND= Not Determined

Back Plugging the Open Hole

With a chloride concentration of 5,760 mg/L, the City would only be able to blend
0.77 MGD (533 gpm) from the well to the downstream side of the WTP. The open
hole was plugged back with cement in an attempt to seal off the higher salinity
water so the well could still be utilized as a blending well. The hole was back-
plugged to 1,185 feet bls in four stages. Water quality samples were analyzed from
the flowing well after each stage (Table 2). Water quality improvement was
negligible after plugging back the borehole, and production was diminished after
sealing the flow zone below 1,185 feet bls.
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Table 2
Backplug Interval Water Quality
Parameters
Date Depth Specific DS | Chioride | Temp.
(feet bls) Conductance | (mg/L) (mg/L) 0)
(mS) 8
9/22/06 1,095-1,400 15.45 13,630 ND 23.0
9/25/06 1,095-1,260 14.58 12,760 ND 23.3
9/26/06 1,095-1,210 14.37 12,520 6,750 255
10/5/06 1,095-1,185 14.72 13,310 6,500 29.6

ND= Not Determined

4-hr Step Rate Pump Test

Following construction completion of the test well, a 4-hour step rate pumping test
was performed on November 6, 2006, to determine the production characteristics of
the open hole interval from 1,095 feet to 1,185 feet bls.

A transducer was installed in the well to record data electronically every'five
seconds. Background was recorded for approximately 90 minutes before the start
of the test and recovery was recorded overnight after the test was completed. The
4-hour step test was performed at the average flow rates of 108, 214, 393, 487
gallons per minute; each step duration was 60 minutes. The results are
summarized in Table 3 and presented graphically in Figures 5 and 6.

Field and lab water quality sampling was performed at each interval including
specific conductance, TDS, pH, temperature, chloride, hydrogen sulfide and sand
content by weight. A silt density index (SDI) sample was collected by the
contractor at the end of the testing. A field pressure of 30 psi was maintained for
the test. Table 4 presents a summary of water quality testing results during the 4-
hour step-rate-pumping test. The complete laboratory analytical results are
provided in Appendix C.
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City of Sunrise
Sawgrass Water Treatment Plant
Melaleuca Floridan Blending Test Well

Table 3
4-hr Step-Rate Pumping Test Summary
Pumping Average Drawdown | Specific Capacity | Sand Content
Test Pumping Rate (feet) (gpm/ft) (ppm)
(gpm)
Step Rate 1 108 30.7 3.53 Trace of sand
Step Rate 2 214 57.0 3.79 Trace of sand
Step Rate 3 393 106.0 3.70 5.3
Step Rate 4 487 153.0 3.18 6.0
Silt Density Index (SDI) @ 30 psi= 5.6
Table 4
4-hr Step-Rate Pumping Test Water Quality Summary
Parameter
Pump Specific Total Chloride pH Temp | Hydrogen
Test Conductance Dissolved (mg/L) (Std. Units) (°O) Sulfide
(milliSiemens Solids
(mS)) (mg/L)
Lab | Field | Lab | Field | Lab | Lab | Field | Field | Lab
Step 13.50 | 14.31 | 8,700 | 12,450 4,700 7.99 7.90 24.8 U
Rate 1
Step
13.40 | 14.24 | 8,600 | 12,340 4,400 7.98 7.74 244 U
Rate 2
Step
13.40 | 14.23 | 8,700 | 12,350 4,300 7.95 7.64 23.2 U
Rate 3
Step
13.40 | 14.27 | 8,400 | 12,390 4,300 8.15 7.72 240 U
Rate 4
Average | 13.43 | 14.26 | 8,600 | 12,382 4,425 8.02 7.75 | 21.46 U

U= under detection limit.

A split water sample was collected from the test well by KSA Laboratory of
Miramar, Florida on November 7, 2006. This water sample is representative of the
open hole interval from 1,095 feet bls to 1,174 feet bls. The sample was analyzed for
primary and secondary drinking water quality standards along with minimum
criteria as listed in Chapter 62-550 F.A.C and other parameters of interest related to
reverse osmosis treatment as listed in Table C-2 in Appendix C. The laboratory
results show no parameters measured above expected ranges. All of the other
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parameters were measured below the detectable limit. This water quality data will
serve as a baseline for all future water quality comparisons. The results of the
laboratory water quality analyses are provided in Appendix C.

WELL TESTING RESULTS
Water Quality Results

Prior to construction of the Floridan Blending Well, MWH investigated the water
quality from the surrounding area as reported in the Technical Memorandum “City
of Sunrise - Floridan Aquifer Bypass Blending” (MWH, 2005). As part of this
investigation, MWH researched the Florida Department of Environmental
Protection databases to determine what upper Floridan Aquifer wells currently
exist in or near Broward County and their corresponding water quality.

Water quality data was gathered from Springtree ASR (1997), Hallandale (1999),
Hollywood (2003), and two wells from North Miami Beach (wells 3-F and 4-F
(2004)). Comparatively, the water quality results encountered during drilling of the
Floridan Blending Well are higher than the average concentration from the
surrounding wells.

The average water quality from the wells investigated with the average
concentrations at the Floridan Blending Well is listed in Table 5. The chloride
concentration in the Floridan Blending Well is 227-percent higher than the average
concentration in the surrounding wells. The TDS concentration is 211-percent
higher than the average TDS concentration from the surrounding area.

Table 5
Water Quality Comparison Summary
Floridan Blending Well Well§ n
Parameter Surrounding Area
[Average]
[Average]

Total Dissolved Solids (mg/L) 8,600 4,080
Chloride (mg/L) 4,425 1,953
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4-hr Step Test Results

During the 4-hour step test the well was pumped at a rate between 400 gpm and
600 gpm with an average of 487 gpm. The resulting drawdown at this rate was 153
feet with a specific capacity of 3.18 gpm per foot. A transmissivity value was
calculated using the Theis Recovery method. The transmissivity of this interval is
9,890 gpm/ft (Figure 7). This value is low for the upper Floridan. This is likely due
to the backplugging of the well across the flow zone below 1,185 feet bls and the
limited open hole section of the well.

There was a notable increase in sand with increase in flow rate. The sand content at
487 gpm was 6 ppm. The valve downstream of the flowmeter was partially closed
during the last step to obtain 30 psi for the SDI test. The SDI value at 200 gpm was
5.6. These values should lower with increased production. As the quantity of
water and up-hole velocity increases, the sand and fine-fraction should be removed.
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City of Sunrise
Sawgrass Water Treatment Plant
Melaleuca Floridan Blending Test Well

CONCLUSIONS AND RECOMMENDATIONS

The salinity of the Upper Floridan aquifer encountered in the vicinity of the
Melaleuca Pump Station is much higher than reported in other wells
completed in this same interval

Blending the water from this well to the downstream side of the Sawgrass
WTP will be limited to less than 0.8 MGD (assuming 18 MGD of permeate)
due to the concentration of sodium at 3,300 mg/L in the Upper Floridan
aquifer.

The unexpected poor water quality and associated limitation to the use of the
well for blending significantly impacts the cost benefit ratio of this project as
originally conceived.

Given the high TDS in this source water and the limited volume, the cost of
using this water for blending is significantly higher than planned. Thus,
outfitting the well with a pump and power supply; and installing a pipeline
to the WTP would not be recommended at this time.

It is recommended that this well be reinvestigated for use in conjunction
with a reverse osmosis membrane treatment system for a cost benefit
comparison.

It is recommended that the specific capacity of the well be increased by
drilling the well back down to 1,400 feet bls or below and performing
acidification, if necessary to enhance water production.

It is recommended that the well be developed at a high flow rate to lower the
SDI value and sand content.
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Appendix A
Geophysical Logging

April 26, 2006

Depth: 0 to 195 feet below land surface

Dual induction (DI) with Spontaneous potential (SP)

Borehole compensated sonic (BHCS) with Variable density log (VDL)
XY Caliper with Gamma Ray

[une 03, 2006

Depth: 195 to 1,195 feet below land surface

Dual induction (DI) with Spontaneous potential (SP)

Borehole compensated sonic (BHCS) with Variable density log (VDL)
XY Caliper with Gamma Ray

September 20, 2006

Depth: 1,080 to 1,400 feet below land surface

XY Caliper / Gamma Ray

Dual Induction/ Spontaneous potential (SP)

Borehole Compensated Sonic (BHCS) with Variable Density Log (VDL)
Video Television Survey

Fluid Conductivity / Temperature Log

Dynamic Flow meter Log

November 08, 2006

MWH

Final video from 0 to 1,174 feet below land surface
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