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1. Introduction 

In February 2006, Seacoast Utility Authority (SUA) retained ARCADIS G&M, Inc., 
(ARCADIS) to provide hydrogeologic consulting services for the construction and 
testing of a test well, designated as Well F-1, to be constructed into the Floridan aquifer 
at the Hood Road Water Treatment Plant in Palm Beach Gardens, Florida.  A site map 
showing the general location of the test well is presented as Figure 1, with a more 
detailed site plan provided in Figure 2.   

The well was designed as a test-production well, so that relevant data could be 
obtained during construction, and so that the well could have future potential use as a 
production well for Seacoast’s planned reverse osmosis water treatment system.  An 
open-hole well design was proposed for F-1.  Well construction and testing procedures 
were performed in accordance with the July 2006 contract and specifications entitled 
“Seacoast Utility Authority Floridan Aquifer Test Well No. 1 Construction”, prepared by 
ARCADIS.  The Contractor selected for the construction and testing of Well F-1 was All 
Webb’s Enterprises, Inc. a Florida state licensed water well contractor. 

2. Test Objectives 

The prime objective of the test well was to establish the optimal design for future 
Floridan aquifer supply wells proposed for the Hood Road Water Treatment site.  
Seacoast Utility Authority requires a total of 8.0 million gallons per day (mgd) to be 
produced from the supply wells (three wells rated at 1,850 gallons per minute each), 
and need reasonable assurance that the water quality will remain at levels which may 
be treated by the proposed reverse osmosis water treatment plant. 

The Floridan aquifer at this location contains brackish groundwater, which is known to 
vary with depth, with salinities as measured by Total Dissolved Solids (TDS), 
exceeding 10,000 milligrams per liter (mg/L) at depths greater than approximately 
1,800 feet below land surface (bls).  Experience elsewhere has shown that the aquifer 
is complex, with discrete flow zones that vary in depth and quality regionally.  
Therefore, important data include identifying zones of preferred water quality (lower 
salinity) which are sufficiently permeable to yield the required quantities of groundwater 
without causing vertical migration of poorer quality groundwater (either from upconing 
of saline groundwater with TDS greater than 10,000 mg/L, or by downwards movement 
of poorer quality groundwater known to exist in some locations directly beneath the 
Hawthorn Group which confines the Floridan aquifer).
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To achieve these objectives, a carefully designed testing program consisting of pilot-
hole drilling, drill-stem, water quality sampling, flow measurements, geophysical 
logging and packer testing was completed, prior to reaming the test hole to a larger 
diameter and completing the well with a final casing string sufficiently sized to allow 
installation of a deep well submersible or vertical turbine pump. 

3. Regional Hydrogeological Setting 

The regional stratigraphy and hydrogeological setting of the area surrounding the Hood 
Road Water Treatment Plant is summarized in Table 1.  Two major aquifer units 
present at this location - the Surficial aquifer and the Floridan aquifer, separated by a 
thick sequence of clays belonging to the Hawthorn Group  

The Surficial aquifer is composed mainly of limestone, sandstone and clay, with 
varying amounts of unconsolidated sand and shell between land surface and 220 feet 
deep. This aquifer contains the water table and water within it under mainly unconfined 
conditions.  These sediments correspond to descriptions of the Pleistocene-age 
Pamlico Sand and Anastasia Formations.  Below 220 feet to 420 feet deep, the 
sediments are mainly composed of interbedded limestone, sand and shell.  These 
descriptions correspond to the Post-Miocene sediments of the Tamiami Formation.   

The lower limit of the Surficial aquifer coincides with the top of laterally extensive and 
vertically persistent beds of much lower permeability.  These beds, which belong to the 
Hawthorn Group, consist of approximately 450 feet of Miocene age clays and marls 
(with some limestones) which form a confining sequence between the Surficial aquifer 
and the Oligocene to Eocene-age limestones and dolomites of the Floridan aquifer. 
The Hawthorn Group is found throughout South Florida and has been redesignated 
(from the Hawthorn, Peace River and Arcadia Formations) to the Hawthorn Group 
based on extensive work to define the areal extent of the several formations 
comprising these sediments in Florida.   

The Hawthorn Group sediments overlie the Floridan aquifer which exists under 
artesian conditions with a potentiometric water level above land surface.  Although 
permeable beds (comprising the Intermediate Aquifer System) exist sometimes within 
the Hawthorn Group, the Hawthorn Group units generally form a confining sequence 
(or aquiclude) in northern Palm Beach County and nearby Martin County and the water 
quality is poor in comparison to the overlying Surficial aquifer.  
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The Floridan aquifer includes the thick carbonate sequence of all or part of the 
Paleocene to early 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 includes all of the middle and upper Eocene-
age Ocala Group (Avon Park and Lake City Formations) and the Oligocene-age 
Suwannee limestone and those permeable Hawthorn Group beds in contact with the 
rest of the aquifer.  Water from the Floridan aquifer in this area contains concentrations 
of total dissolved solids (TDS) which exceed drinking water standards. However, use of 
Floridan aquifer water has become an established necessity in order to reduce 
pumping of the better-quality water from the Surficial aquifer (both to mitigate potential 
impacts to environmentally sensitive wetlands and to reduce the potential for saltwater 
intrusion in the Surficial aquifer).  The Floridan aquifer is artesian in all parts of Palm 
Beach and Martin Counties, except in areas of eastern Martin County where land 
surface is more than 50 feet above mean sea level.   

4. Construction and Testing 

Construction of the test Well F-1 was undertaken in three stages;  

• Installation of the outer casing strings down to the base of the Hawthorn Group to 
ensure artesian pressures (approximately 26 feet above land surface) from the 
Floridan aquifer were contained, and less competent rock formations within the 
Surficial aquifer were isolated;  

• Pilot-hole drilling and testing to determine the water quality and flow characteristics 
within the Floridan aquifer; 

• Final construction, including installation of final casing following reaming, well 
development, test pumping, completion of headworks and final water quality 
sampling. 

Final well construction and a summary of the testing completed during pilot-hole drilling 
is shown graphically in Figure 3.  Detailed results from the drilling and testing are 
contained in the Appendices. 
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4.1 Construction of F-1 Outer Casing Strings 

4.1.1 Surface Casing: 

Between January 9 and January 11, 2007, a nominal 32-inch diameter borehole was 
drilled by the mud-rotary method from land surface to 453 feet below land surface (bls), 
where more competent sediments belonging to the Tamiami Formation were 
encountered. Caliper and gamma-ray logging was performed on the drilled hole prior to 
installation of a 26-inch outside diameter, 0.375-inch wall thickness steel surface 
casing, installed to 452 feet bls.  This casing was then cemented in place. 

4.1.2 Intermediate Casing: 

On January 16, 2007, the Contractor began to drill a nominal 12-inch diameter pilot-
hole using a 10.75-inch diameter tri-cone (roller) bit from the base of the 26-inch 
diameter steel surface casing (452 feet bls) to a depth of approximately 1,015 feet bls 
using the mud-rotary drilling method.  This drilling was completed on January 17, 2007.  
Geologic descriptions of the drill cuttings were prepared and these descriptions are 
included in Appendix A.   

Following completion of the pilot hole, geophysical surveys were performed to 
determine the appropriate depth for the intermediate casing.  Logging was completed 
by All Webb’s Enterprises, Inc., geophysical logging unit and observed by ARCADIS 
personnel.  Geophysical logging of the completed pilot-hole included Spontaneous 
Potential, Dual-Induction, Single-Point Resistance, Gamma-Ray and X-Y Caliper logs. 
Copies of the log plots are included in Appendix B.  The base of the Hawthorn Group 
clays was noted at a depth of approximately 860 feet bls.  A depth of approximately 
1,000 feet below grade was selected as most suitable for the Intermediate Casing 
setting.  

The pilot-hole was then reamed to a nominal 26-inch diameter size using the mud-
rotary method and 20-inch outside diameter, 0.375-inch wall thickness steel 
intermediate casing was set between 397 and 999 feet bls on January 24, 2007.  The 
intermediate casing was cemented in place during 3 stages of cementing.  Upon 
completion, the Contractor installed equipment required for well testing and for drilling 
the remainder of the borehole using the reverse-air method of drilling. 
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4.2 Pilot-Hole Drilling  

From February 8 to February 21, 2007, the Contractor drilled a nominal 12-inch 
diameter pilot-hole from the base of the 20-inch diameter intermediate casing to a total 
depth of 1,750 feet bls by the reverse-air method using a 9.75-inch diameter drilling bit. 
Geologic descriptions of the drilled cuttings were prepared by ARCADIS personnel and 
are included in Appendix A.  

A 1,000-gallon capacity, above-ground steel tank, was used by the Contractor to 
collect suspended solids prior to discharging the circulation water into a sequence of 
holding ponds (located within Plant boundaries) which allowed for further settlement of 
any turbidity, prior to final discharge / overflow to the off-site canal.  All discharges were 
made in accordance with the Contractor’s temporary FDEP generic discharge permit. 

During drilling, an ARCADIS hydrogeologist collected water samples from the reverse-
air discharge at 10-foot depth intervals for field measurements of chloride, temperature, 
specific conductance and pH.  Turbidity, dissolved oxygen and hydrogen sulfide field 
measurements were also performed, but less frequently, due to time restrictions.  In 
addition, the Contractor performed short (30-minute) specific capacity and recovery 
tests at the completion of each drill rod (every 30 feet) by allowing the artesian well to 
flow and by measuring the drawdown in the open hole while not re-circulating fluids 
from the well.  The flow from the well was then shut in and static water level was 
measured. Water levels were measured by extending clear vinyl tubing from a fitting on 
the blow-out preventer (well casing header) to a height of approximately 35 feet above 
grade (taped to the rig mast).  A survey measuring tape was taped to the mast 
adjacent to the tubing to provide accurate water-level information. 

On February 16, 2007, an extended flow test and development of the 1,002 to 1,135 
feet bls section of an open hole was performed and the first water sample for 
laboratory analyses was collected. 

On February 22, 2007, upon reaching a final depth of 1,750 feet bls, geophysical 
surveys were performed on the nominal 12-inch diameter borehole by Florida 
Geophysical Logging, Inc.  Logging was initially conducted under static conditions.  
The logging suite was comprised of X-Y caliper, temperature, static flowmeter, gamma-
ray, spontaneous potential, single-point resistance and dual-induction.  Geophysical 
surveys were then performed under pumping conditions (fluid resistivity, temperature 
and dynamic flowmeter).  Copies of the log plots are included in Appendix C. 
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Based on the geophysical surveys, water-quality data, and the lithologic descriptions, 
four sections of the open pilot hole were then targeted for single packer tests to 
determine water quality and test capacity of the water-bearing formation.  Results from 
the packer tests and the other data obtained are summarized below in the following 
sections. 

4.2.1 Geological Profile 

From land surface to a depth of 150 feet, the sediments consist primarily of 
unconsolidated fine to medium grained quartz sand, (very fine to fine-grained, and 
slightly phosphatic below 60 feet), with traces of shell fragments. Between 40 and 50 
feet bls and 90 and 110 feet bls, up to 40% of shell, 20% sandstone and 10% 
limestone was logged. A layer of shelly sand extends from 150 to 210 feet bls 
underlain by very silty sand. These sediments belong to the Anastasia Formation 
which forms a portion of the Surficial aquifer underlying the surface sand (Pamlico 
Sand from the surface to approximately 10 feet bls).  

From 240 feet bls a mix of limestone, shell, and sand extends to 330 feet bls and is 
separated from phosphate-bearing Miocene clayey sediments of the Hawthorn Group 
by a 90-foot layer of very silty sand. These relatively thick layers of deposits belong to 
the Tamiami Formation.  

At the top of the Hawthorn Group, encountered at 420 feet bls, is the Hawthorn 
Formation clayey sediments, described as light olive gray to yellowish gray, mostly 
calcareous and sandy clay, with traces of limestone and shell.  The thickness of the 
Hawthorn Formation is approximately 570 feet, with sediments of the Arcadia 
Formation (former Tampa Formation - Scott, 1988) at the base of the Hawthorn Group 
between 800 and 994 feet bls.  The Arcadia Formation is a transitional lithological zone 
represented by calcareous clay (marl) with small amounts of chert and traces of 
weathered limestone extending from 800 to 860 feet bls, and another 134 feet of 
interbedded layers of clay (marl), limestone, (phosphatic) sand and shell to a depth of 
994 feet bls. 

At 994 feet bls, fossiliferous, weathered limestone was encountered (top of Oligocene 
Suwannee Limestone).  This limestone is regarded as the upper portion of the Floridan 
aquifer (Scott 1992), although, in some locations in southeast Florida, permeable 
horizons within the Arcadia Formation where hydraulically linked to the Suwannee 
Limestone, are sometimes regarded as also belonging to the Upper Floridan aquifer.  
For a further 74 feet, limestone was so unconsolidated, accompanied by large amounts 
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of calcareous, detritic sand, that it posed a serious drilling problem (disrupting 
circulation) for the reverse-air method.   

From approximately 1,070 feet to 1,200 feet bls, the limestone becomes more 
competent, better cemented, with large amounts of foraminifera (mostly lepidocyclina) 
and mollusk shells with an occasional small amount of calcareous clay (marl). 
Limestone is represented mainly by oolitic grainstone.  Micritic, slightly dolomitic 
limestone began to increase to almost 50% between approximately 1,170 and 1,200 
feet bls (attributed to the top of the Ocala Limestone).  

For the next 518 feet, lithology is best described as interbedded layers (10 to 40 feet 
thick) of two types of limestone: soft, poorly cemented yellowish gray oolitic grainstone 
with fossils (mainly forams), and light to dark gray, slightly dolomitic, fine-grained, 
moderately hard, moderately well-cemented micritic limestone (packstone to 
wackestone).  This sequence was disrupted only in four, relatively thin intervals: 1,337 
to 1,340 feet (90% dolomite, pale yellowish brown), 1,356 to 1,359 feet (calcareous 
clay with 30% limestone), 1,510 to 1,520 feet (95% dolomite, pale yellowish brown) 
and 1,650 to 1,660 feet (90% dolomite, dark to medium gray).  

The Ocala Limestone belongs to the Upper Eocene and is underlain by the Middle 
Eocene sediments of the Avon Park Formation which is composed of fossiliferous 
limestone interbedded with vuggy dolomite (dolostone).  This distinction becomes 
apparent from 1,718 feet bls to the bottom of the well (1,750 feet bls) when layers of 
pale yellowish brown and medium to light gray, micritic, moderately hard to hard 
dolomite are interbedded with very pale orange to white, micritic or sucrosic, 
moderately hard dolomitic limestone.  The carbonate sediments of the Avon Park 
Formation are part of the lower Floridian aquifer and are further subdivided into an 
upper and lower aquifer (Scott, 1992). 

4.2.2 Water Quality and Flow Profile 

During pilot-hole drilling, water samples were collected at 10-foot intervals and 
analyzed in the field for basic parameters: temperature, specific conductivity, pH and 
chloride concentration.  Less frequent samples were analyzed for dissolved oxygen, 
turbidity, and hydrogen sulfide.  
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Samples were taken from the drill pipe under artesian flow, and therefore represent, in 
broad terms, the likely groundwater quality at the depth of the drill bit.  At every drilling 
rod change, the drill bit was raised several feet and the well was allowed to flow until 
clarity improved, so the reliability of these samples was improved after this short 
development period.  During sampling the artesian flow rate was also measured, 
providing an initial summary of the flow accretion profile as drilling progressed.  On 
several occasions, the outlet from the well casing was also opened and allowed to 
flow, thereby allowing a composite water quality sample to be taken.  Results from 
these preliminary flow tests and water quality analysis are summarized in Table 2.   

4.2.3 Geophysical Logging 

The following geophysical logs were conducted during construction and testing: 

1. Caliper and gamma-ray logs of the nominal 32-inch diameter open hole from 
surface to 451 feet bls, prior to installation of the surface casing (January 12, 
2007). 

2. Caliper, gamma-ray, spontaneous potential and single-point resistance logs 
were run in the pilot hole from the bottom of the surface casing to 1,015 feet bls 
on January 18, 2007.  These logs were run to confirm the depth of the Hawthorn 
Group and to determine the appropriate depth for the intermediate casing. 

3. Caliper log and video (TV) survey of the intermediate casing seat and pilot-hole 
section from 999 to 1,063 feet bls were completed on February 12, 2007 due to 
concerns with well stability and sand dredging problems.  Total depth of the 
drilled hole at the time of survey was 1,073 feet bls, but 10 feet of sand 
accumulated almost instantaneously.  

4. Detailed logging of the pilot hole in the interval 999 feet to the total depth of 
1,750 feet bls occurred on February 26, 2007 following completion of drilling, 
with a video survey taking place the next day.  Logging comprised caliper, 
gamma-ray, temperature, spontaneous potential, single-point resistance, dual-
induction and fluid velocity logs which were run under static conditions.  After the 
well was initially developed (free flow) for 2 hours, the flow was restored and 
stabilized at a rate of 2,650 to 2,670 gpm.  Temperature, resistivity and fluid 
velocity logs were then run under dynamic (flowing) conditions. 
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5. A caliper log was run on the reamed, nominal 20-inch diameter open hole in the 
999 feet to 1,600 feet interval, on March 30, 2007, prior to final casing 
installation.  

Copies of the geophysical logs are included in Appendix B.  These logs were 
important for determining the lithological, water quality and flow profile of the test well, 
as well as assisting with the construction of the well. 

4.2.4 Dynamic Flow Profile 

One geophysical log of particular value was the dynamic flow profile obtained while 
pumping from the pilot hole (open hole section 999 to 1,750 feet bls) at approximately 
2,700 gpm (refer to Item 4 above).  Results from this log are shown in Figure 4, where 
the flow rate has been converted to percent flow.  This detailed log has been 
generalized so that the relative contribution of flow may be determined.  Key features 
of this profile are summarized below: 

Interval  Flow Contribution 

Base of casing to 1,040 feet bls  No flow 

1,050 feet bls  Flow zone (evidenced as loss into formation) 

1,050 to 1,140 feet bls  Limited or no flow 

1,140 feet bls  Major Flow Zone (single fracture zone) 

1,140 to 1,260 feet bls  Flow accretion and loss (loss at 1220 feet) 

1,260 to 1,470 feet bls  Significant flow accretion via multiple flow zones 

1,470 to 1,525 feet bls  No flow 

1,525 to 1,585 feet bls  Flow Zone 

1,585 to 1,710 feet bls  Limited Flow 

1,710 to base of pilot-hole, 1,750 feet bls  Flow Zone 
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4.2.5 Packer Testing 

Intervals for packer testing the open hole from 999 to 1,750 feet bls were selected after 
reviewing data collected during pilot-hole drilling (geological logs, water quality field 
parameters, flow test data and geophysical logs).  Four specific intervals were selected 
for single packer tests after it was determined that straddle packer testing would be 
more problematic.  Using single packers also provided the opportunity to test water 
quality and flow from both above and below the packer assembly, and to simulate 
potential vertical hydraulic leakance. 

Careful selection of the packer depths was required to ensure confidence that the 
inflated packers would adequately seal against the formation.  Final selection was 
made using the X-Y caliper log (to ensure the maximum packer inflate size was not 
exceeded), and the vertical and horizontal side-scan video survey (to ensure the 
packer was not seated against any minor vertical or horizontal fractures not 
discernable on the caliper survey).  

Testing procedures involved suppressing the artesian head, setting and inflating the 
packer at the selected depth, restoring the artesian flow (both above and below the 
packer) and then developing the test zone by free flow via a 3.5-inch diameter drill pipe 
connected to the packer  assembly until monitored field water quality parameters 
stabilized.  Flow rates from the test zone were recorded via an inline flow meter and a 
water sample taken.   

After sampling of the “test zone” below the packer was complete, both the test zone 
and the interval above the packer (referred to as the “annulus”) was shut in to allow 
artesian water levels to recover and an accurate measurement of static water level 
both above and below the packer to be recorded using pressure transducers and data 
loggers installed.  Following water level recovery, the interval above the packer was 
then allowed to flow by opening the valve on the intermediate casing. Water quality 
samples of the annulus were then taken, and flow rates were measured using a 
calibrated orifice flow meter.  Water level changes in the test zone (i.e., below the 
packer) were measured to determine vertical hydraulic connection.  Test intervals are 
summarized in Table 3, and results are contained in Appendix C.  
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Packer Test No. 1 (PT-1) was conducted in the bottom portion of the borehole in the 
interval 1,684 and 1,750 feet bls, with the centerline of the 3.5-foot long packer 
assembly set at 1,684 feet bls.  The test zone was developed on March 8, 2007 at a 
rate of 62 gallons per minute.  A total of 22,630 gallons was purged from the test 
interval (more than 18 pipe and test zone volumes) prior to laboratory sample 
collection.  The zone was then allowed to recover overnight and on March 9, 2007, an 
annular flow test (i.e. above the packer from the interval 1,002-1,684 feet bls) took 
place with a constant artesian flow rate of 2,530 gpm.  Changes in water levels in both 
zones were monitored and recorded by transducers to determine vertical hydraulic 
connection.  After approximately 226 minutes, water levels in the test zone stabilized, 
flow was stopped and water level recovery measurements were taken. Maximum 
recorded drawdown in the test zone was 0.62 feet and 19.36 feet in the annular flow 
zone.  

Packer Test No. 2 (PT-2) took place on March 10, 2007, and tested the interval 
between 1,625 and 1,750 feet bls.  Approximately 15,800 gallons (almost 9 pipe and 
zone volumes) were purged at the rate of 78 gpm during development.  This time, 
drawdown in the test zone was minimal (0.09 feet) and water levels returned to the 
static level during the flow test.  This indicates minimal vertical hydraulic connection.  
Maximum drawdown in the annular flow zone was 19.75 feet while flowing at the same 
rate (2,530 gpm) as conducted during PT-1. 

Packer Test No.3 (PT-3) was conducted on March 12, 2007 with the test interval 
between 1,500 and 1,750 feet bls.  The test interval was developed at a rate of 78.5 
gpm and approximately 18,500 gallons (more than 6 pipe and open hole volumes) 
were purged to stabilize field parameters.  Free flow above the packer was again at a 
constant 2,530 gpm.  Drawdown in the test zone was 4.53 feet, and 21.08 feet in the 
annular flow zone. This suggests that at 1,500 feet bls, the aquifer is more ‘leaky’ 
vertically.  Water levels in the test pipe and annulus stabilized after approximately 250 
minutes.  

Water quality testing undertaken during pilot-hole drilling and during the first 3 packer 
tests indicated that groundwater salinity (as measured by conductivity and chloride) 
began to increase below 1,600 feet bls, although the flow contribution at this depth was 
limited.  PT-2 (packer set at 1,625 feet bls) also indicated that vertical hydraulic 
connection was limited.  Therefore, the decision was made to cement back the pilot 
hole to a depth of 1,600 feet prior to undertaking the final packer test. 
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Packer Test No. 4 (PT-4) was conducted on March 20, 2007 in the interval from 1,114 
to 1,595 feet bls to simulate the likely water quality if final casing was set at 1114 feet.  
The test zone was developed with a free flow rate of 88 gpm. Approximately 27,400 
gallons (more than 5.5 pipe and open hole volumes) were purged during development 
before sampling.  A 500 gpm maximum sustained flow rate was established for the 
annular test with substantial drawdown in the flow zone (22.86 feet).  Drawdown in the 
test zone was 0.22 feet, with 0.27 feet maximum reached after approximately 200 
minutes elapsed time.  

4.2.6 Water Quality and Flow Summary 

Using the packer test data, interval tests, field water quality drill-stem tests, and the 
geophysical dynamic flow profile, five zones of different water quality (salinity) have 
been identified.  These zones are summarized graphically in Figure 3. 

Zone 1, extending from the bottom of the intermediate casing (999 feet bls) to 
approximately 1,100 feet bls is characterized by moderate salinity with specific 
conductance between 7,000 and 8,000 µS/cm and chloride concentration of 2,500 to 
3,000 mg/L.  Total Dissolved Solids for the wider test interval, 1,000 to 1,134 feet bls, 
was measured as 5,000 mg/L in the laboratory.  

Zone 2 from approximately 1,100 to 1,270 feet bls has higher salinity than Zone 1, with 
chloride concentration between 3,000 and 4,000 mg/L and specific conductance 
almost 10,000 µS/cm on average.  A significant flow zone was identified at 1,140 feet 
bls, which contributed at least 25 percent of the flow from the entire well (flow gain from 
this zone exceeded 700 gpm).  This zone had the poorest quality water, with salinity as 
measured by specific conductance up to 11,550 µS/cm. 

Zone 3 between approximately 1,270 and 1,370 feet bls is a transitional zone 
comprising only 100 feet, where an improvement in water quality is taking place.  
Chloride concentration drops gradually by more than 1,000 mg/L from 3,000 mg/L to 
2,000 mg/L or less, and specific conductance decreases from over 9,000 µS/cm to 
approximately 6,000 µS/cm.  The increase in artesian flow from this zone as measured 
from the drill-stem tests was approximately 300 gpm.  The dynamic flow profile 
suggests a greater contribution of flow, in the order of 20 percent or approximately 520 
gpm when the well flowed at 2,650 gpm. 
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The largest of the zones, Zone 4, extends for 310 feet from 1,370 to approximately 
1,680 feet bls.  This zone represents the best water quality in the whole 
hydrogeological profile of Well F-1.  Average chloride concentration for this zone is 
approximately 2,000 mg/L and specific conductance for the most part is oscillating 
around 5,000 µS/cm.  Groundwater with the lowest salinity was measured in the 
interval 1,430 to 1,510 feet bls.  Water quality from Zone 4 was in part confirmed by the 
sample taken from the final open-hole interval (1,300 to 1,600 feet bls), with chloride 
concentration 1,400 mg/L, and specific conductance 3,300-3,400 µS/cm.  Flow 
contribution from this zone was approximately 1,000 gpm or around 35% of the total 
flow.  

The lowest zone, Zone 5, from 1,680 to 1,750 feet bls shows an increase (almost 20%) 
in both chloride concentration and specific conductance.  Dynamic flow logging 
suggests a flow contribution of approximately 10%, although the increase in artesian 
flow measured by the drill-stem tests was less, approximately 120 gpm.  The base of 
the USDW (defined as groundwaters with salinity less than a TDS of 10,000 mg/L) was 
not intercepted, although it is possible that the final drilled depth of 1,750 feet was 
close.   

4.3 Final Construction 

After completion of all four Packer Tests, the Contractor reamed the pilot hole at a 
nominal 20-inch diameter size to 1,600 feet and installed and cemented in place 12-
inch I.D. PVC final casing to a depth of 1,300 feet bls.   

Initially, two construction options were presented by ARCADIS, with a recommendation 
for Option 1, which was to install final casing to 1,114 feet bls with an open hole 
between 1,114 and 1,600 feet bls.  The casing was targeted at the base of a dolomitic 
layer to ensure a competent casing seat.  Although moderate salinity (conductivity 
approximately 7,500 µS/cm) was sampled above this interval, the presence of less 
competent rock meant a deeper casing seat was preferred. However, following 
consultation with other advisors, Seacoast opted for setting the casing deeper at 1,300 
feet bls.  Although this meant reducing the well yield significantly, the considered 
opinion was that the interval between 1,300 to 1,600 feet bls would produce water with 
the lowest salinity and therefore reduce the immediate treatment requirements for the 
proposed RO water treatment plant.   
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4.3.1 Final Casing 

The final casing (inner liner) for the well consists of approximately 360 feet of 17.4-inch 
outside-diameter, CertainTeed Certa-Lok, SDR 17 (0.762-inch wall thickness) PVC 
casing attached to 940 feet of 12-inch inside-diameter CertainTeed Certa-Lok, SDR 17 
(0.823-inch wall thickness) PVC casing.  This construction is summarized in Figure 3.   

On April 11, 2007, the Contractor installed all sections of the 12-inch diameter final 
casing to a depth of approximately 940 feet bls.  The 17.4-inch diameter portion of the 
final casing was then installed (attached to the top of the 12-inch diameter casing) to 
extend from a depth of approximately 360 feet bls (to provide for the installation of a 
large diameter submersible pump, as needed) to just above land surface.  Stainless-
steel centralizers were attached (banded) within 20 feet of both the top and bottom of 
the final casing and at 50-foot intervals on the PVC casings as centering guides. 

By April 12, 2007, the Contractor had completed the casing installation (with the casing 
seat at a depth of approximately 1,300 feet bls).  The Contractor then began gravel 
placement in the open hole prior to cementing the final casing.  On April 16, 2007, the 
top of the gravel was tagged at approximately 1,301 feet bls.  Tremie pipe was installed 
between the 20-inch diameter intermediate casing and the final PVC casing to a depth 
just above final casing seat and two barrels (11.2 cubic feet) of neat Portland cement 
(ASTM Type II) were pumped into the annulus.  The cementing of the final casing was 
completed on April 21, 2007, bringing the top of cement in the annulus to land surface 
after 6 cementing stages.     

On April 23, 2007, the Contractor began gravel removal from the interval 1,300 to 
1,600 feet bls.  By April 28, 2007 all gravel had been removed and the excess cement 
plug (installed during pilot-hole cementing) was drilled out to 1,600 feet bls.   

4.3.2 Well Development 

On April 30, 2007, the open-hole section of the well between the bottom of the final 
casing (1,300 feet bls) and cement plug (1,600 feet bls) was developed by free flow 
and field tested for initial water quality and flow rate.  After approximately 140 minutes 
of development, a water sample for laboratory analyses was collected (all laboratory 
results are included in Appendix D).  During this period, greater than 135,000 gallons 
were purged and the artesian flow from the well stabilized at 990 gpm. 
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Production zone development resumed on June 25, 2007 with a pump intake located 
at 100 feet bls.  The development method comprised alternating pumping and surging, 
with approximate 20-minute periods of pumping followed by 10 minutes of resting to 
allow water level recovery.  Maximum pumping rate was established at 2,200 gpm.  
Water quality samples were collected and analyzed in the field, and sand content was 
monitored using a Rossum Sand Tester during the initial surge and at the constant rate 
flow.  After approximately three hours of development, the water quality stabilized and 
after six hours, sand content dropped to approximately 5 ppm.  At that time, well 
development was terminated and the water levels allowed to recover overnight in 
preparation for a step-rate pumping test.  

4.3.3 Step Rate Test 

A step-rate pumping test was conducted on June 26, 2007.  The test consisted of 4 
steps of increased pumping at rates of 600, 1,100, 1,680 and 2,130 gpm.  Each step 
was pumped at a constant rate for approximately 30 minutes, followed by 
approximately 30 minutes of non-pumping (recovery).  The first step was conducted by 
controlling the artesian flow, subsequent steps were pumped. 

The Contractor installed a data-logging system with a pressure transducer installed in 
the well at a depth of 93 feet bls.  The static potentiometric head measured by the 
transducer (prior to pumping) was recorded at 33.71 feet above land surface.  The data 
logger was calibrated to display potentiometric head above the transducer in units of 
feet.  A calibrated flowmeter was installed in the 12-inch diameter section of the 
discharge line, which was capable of recording instantaneous and totalizing flow and 
was sufficiently removed from valves, elbows, reductions and obstructions.   

The data from the test are summarized on Table 4, and the water level drawdown data 
are provided in Appendix C.  Using the measured flow rates and water level 
drawdowns, specific capacities (SC) were calculated for each step.  As shown on 
Table 4, the specific capacity for Step No. 1 was approximately twice the SC calculated 
for the subsequent steps.   

The reason for the large decrease in specific capacity between Steps 1 and 2 from 
43.5 gallons per minute per foot of drawdown (gpm/ft-dd) to 23.7 gpm/ft-dd, is unclear, 
although dramatic declines in specific capacity when a well is pumped compared to the 
free-flow specific capacity is common for Floridan aquifer wells.  Step 1 was conducted 
at a low (unpumped) free-flow rate, and the flow rate was well below even the 
maximum free-flow rate of approximately 990 gpm.  Subsequent steps were conducted 
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by pumping the well.  At these higher flow rates, friction and turbulence in the aquifer 
near the well, in the well bore, and within the casing are a greater contribution to 
overall head loss.  Given these preliminary test results, and the difference in well 
performance between Steps 1 and 2, it is strongly recommended that the well be 
acidized before it is operated as a production well to try to improve the well 
performance. 

During the step-rate test, sand content samples were periodically collected from a 
Rossum Sand Tester, first at the initial ‘surge’ for 5 minutes and then during constant-
rate pumping for 20 minutes. Sand content during the surge period showed increased 
sand concentration with increased pumping rate, although following the ‘surge’ 
acceptable sand concentrations between 1 and 2 ppm were measured.  These results 
indicate that further development of the well is needed.  However, further development 
is not recommended until a decision has been made on whether or not to acidize the 
well (following acidization the well will need to be re-developed regardless of the level 
of development completed pre-acidization).  

After completion of the step-rate test, valve settings for completing a constant-rate 
pumping test at 1,750 gpm were set, and the well was left to recover overnight.  

4.3.4 Constant Rate Test 

An 8-hour, constant-rate pumping test of Well F-1 was conducted on June 27, 2007.  
Water levels in the pumped well were measured periodically during the pumping phase 
using a water level indicator to ensure accuracy of the pressure transducer and data 
logger installed by the Contractor during the step-rate test.  Data from the test are 
contained in Appendix E. 

The pre-test static water level (potentiometric head) measured by the transducer prior 
to pumping was 33.77 feet above land surface.  The pumping rate was stabilized after 
the first 2-3 minutes of the test and was held close to 1,800 gpm.  A small decrease in 
pumping rate occurred during the next 30 minutes until it stabilized at approximately 
1,750 gpm for the remainder of the test.  Water level recovery data was collected 
electronically for over 20 hours after the pump was turned off and the well was shut in. 
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The drawdown data from the test indicated that the pumped water level approached 
equilibrium after less than 10 minutes of pumping, with water levels stabilized at 
approximately 44.2 feet below grade (approximately 78 feet of drawdown) after 30 
minutes of pumping.  The depth to water measured at the end of the 8-hour pumping 
phase was 45.68 feet below land surface (indicating a drawdown of approximately 
79.45 feet).  The overall specific capacity was determined to be 22.4 gallons per 
minute per foot of drawdown (gpm/ft), by all measures identical to the average specific 
capacity for the step-rate test (22.1 gpm/ft).  

Within an hour of the pump being shut off, the water level had recovered to within 1.30 
feet of the original pre-test static level.  An estimate of transmissivity in the vicinity of 
the pumped well was made by analyzing the recovering water-level data (water level 
vs. time since pumping stopped) graphed on semi-log paper.  The use of recovery data 
is generally preferable because those data are less impacted by radial and convergent 
flow into the pumped well and inherent well inefficiency.   

Analysis of the recovery data was performed using the Cooper-Jacob residual 
drawdown method, applicable for both confined and semi-confined aquifers. This 
method of analysis tends to overestimate transmissivity because it does not account 
for leakance from confining units, and does not account for partial penetration of the 
aquifer by the borehole.  The transmissivity was estimated at 37,000 gpd/ft.  A plot of 
the recovery in the well during the pumping test is included in Appendix E.   

Because of these well losses, the estimated transmissivity using the pumped-well data 
likely overestimates the true aquifer transmissivity.  The estimated value should not be 
relied upon for predicting the impact of future withdrawals.  

A more reliable transmissivity value could have been obtained if an observation well 
had been available for measurement during the test.  An observation well would also 
allow calculation of aquifer storage coefficient and leakance, and would also allow for 
measurement of well interference and predicted drawdown from the future operation.  
These values could then in turn be used to determine appropriate well spacing for 
future wells, or based on certain well spacings, the likely pumping water levels in each 
well at given pumping rates.   
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It is understood that a second Floridan aquifer production well will be drilled on site 
shortly.  When this well is completed, it is strongly recommended that a further aquifer 
tests be conducted and water level interference drawdown be measured so that 
wellfield design assumptions may be verified.  In the interim, the pumping water level 
for Well F-1 using the tested specific capacity of  22.4 gpm/ft-dd has been predicted for 
a pumping rate of 1,850 gpm. 

Seasonal variation of Floridan aquifer water levels regionally is expected to be on the 
order of 3 feet (based on limited historical data from wells in Martin County and West 
Palm Beach). Any additional interference effect from pumping the nearest Floridan 
aquifer wells (Jupiter and Tequesta) will likely be small, probably in the range of 3 feet 
or less.  Because wells typically decrease in efficiency over time, a 10% decline in 
specific capacity (to 20.2 gpm/ft-dd) has been assumed.  Using the static water level in 
the well measured (in feet above land surface) prior to initiation of the step-rate 
pumping test, the pumping water level for F-1 can be predicted as: 

 Static depth to water 33.7 feet above land surface 

 Seasonal decline  3.0 feet 

 Local interference  3.0 feet 

 Stabilized drawdown 84.0 feet  

 Total depth to water 56.4 feet below land surface at 1,850 gpm 

4.3.5 Silt Density Index Test 

On June 28, 2007, the Contractor conducted three silt density index tests (SDI). These 
tests are a requirement of most RO membrane suppliers to demonstrate that fouling 
and potential damage to the membranes will not occur due to the turbidity of the raw 
well water. 

The pumping rate was established at 1,750 gpm, which was the same rate as the 
constant rate test, and very close to the desired flow rate of 1,850 gpm required if three 
(duty) Floridan wells are constructed.  The tests were performed by a licensed 
laboratory technician and observed by an ARCADIS geologist.  Test results are 
sumarized in Table 5.  All SDI test results passed with values less than 1.0, and an 
average after 15 minutes of 0.52. 
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4.3.6 Final Water Quality Sampling 

Final water sample for a complete set of water quality analyses was collected on June 
27, 2007 at the end of the 8-hr constant rate pumping test.  Results for the major ions 
are summarized in Table 6, and the complete results are contained in Appendix E. 

4.3.7 Final Video Inspection 

Final Video inspection was completed on July 11, 2007.  This survey confirmed that 
the final casing string was sound and installed from 358 to 1,300.6 feet bls. Cement 
seal behind the base of the final casing could not be detected, although a minor 
cement/gravel  “overspill” on one side of the open hole was observed down to a depth 
of approximately 1,310 feet bls.  A damaged casing centralizer embedded in the 
cement immediately below casing was also observed.  This very minor construction 
defect should not impact on the well performance.   

The open hole section from 1,300.6 to 1,600 feet bls was in good condition, with 
uniform lithology comprising very light, vuggy limestone.  The cement backplug at the 
base of the borehole was clearly visible, and with the exception of two further casing 
centralizer fragments, the borehole was clear of debris. 

A copy of the television survey is contained in Appendix F. 
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5. Summary  

A Floridan aquifer test well, F-1, was successfully constructed and tested at the 
Seacoast Water Utility Hood Road Water Treatment facility.  Construction of F-1 was 
completed in three stages: Installation of outer casing strings down to the base of the 
confining Hawthorn Group; pilot-hole drilling and testing to determine the water quality 
and flow characteristics within the Floridan aquifer; final construction, including 
installation of final casing, well development, test pumping, completion of headworks 
and final water quality sampling. 

Total depth of the Floridan aquifer investigated was 1,750 feet below land surface.  
Pilot-hole drilling and testing for the interval 999 to 1,750 feet bls included logging of 
drill cuttings, drill-stem tests which measured water quality and artesian flow rates, 
geophysical logging, packer tests and interval tests.   

Five zones of different water quality in the Floridan aquifer, as measured by salinity, 
were identified.  In simple terms, the salinity profile with depth progressed from 
‘moderate’ to ‘poor’ to ‘moderate’ to ‘good’ and then back to ‘moderate’.  The base of 
the USDW (defined as groundwater with a TDS less than 10,000 mg/L) was not 
intercepted, although it is suspected that the reason for the increasing salinities at the 
base of the pilot hole was due to close proximity of more saline groundwater. 

Groundwater with the lowest salinity was identified in the interval 1,430 to 1,510 feet 
bls.  This interval lies within a wider zone between 1,370 and 1,680 feet bls, with 
chloride concentrations less than 2,000 mg/L and specific conductance approximately 
3,300-3,400 µS/cm.  Groundwater with the highest salinity coincided with a significant 
flow zone located at 1,140 feet bls.  Although a discrete water sample was not 
obtained from this zone, drill-stem water quality samples suggest the specific 
conductance was up to 11,550 µS/cm. 

Significant artesian flows were measured during drilling.  Maximum artesian head was 
measured at +33.7 feet above land surface, with a total flow of 2,700 gpm produced 
from the entire pilot-hole interval.  Dynamic flow logging successfully identified the 
major flow zones.  The most significant single zone coincided with a fractured zone at 
1,140 feet bls, with greater than 25 percent of the total flow produced from this depth.  
However, significant flow accretion via multiple flow zones also occurred in the interval 
1260 to 1470 feet bls, with approximately 30 percent of the total flow.  
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During final construction, the pilot-hole was back-plugged with neat cement to a depth 
of 1,600 feet bls, then reamed to a diameter of 20 inches; final casing was installed to a 
depth of 1,300 feet bls.  This back-plugging and final casing depth meant that a 
significant percentage (approximately 60 percent) of the flow intercepted in the pilot-
hole was isolated.  Artesian flow following installation of the 12-inch diameter casing 
was measured at 990 gpm. However, this well design also meant that only 
groundwater with relatively low salinity was intercepted.  

Specific capacity, a measure of well yield per unit drawdown in water levels, was 
determined to be 22.4 gpm/ft-dd.  This result is significantly lower than the specific 
capacity of over 125 gpm/ft-dd measured for the pilot-hole interval 999 to 1,750 gpm/ft, 
and is approximately half of the specific capacity measured during step-rate testing of 
the well at flow rates below 900 gpm.   

The high transmissivity and relatively low corresponding specific capacity suggests that 
well losses are very significant at the high pumping rates anticipated for future 
operation. Calculated pumping water levels for a single well pumping at 1,850 gpm is 
56 feet below land surface.  It is strongly recommended that the well be acidized to try 
and improve the well performance.  

Final water quality measured from a sample taken at the end of the constant rate 
pumping test exceeded expectations.  Salinity was significantly lower than measured 
during the drill stem tests and also slightly lower than the interval test, with TDS, 3,000 
mg/L; Specific Conductance, 5,270 mg/L and Chloride, 1,500 mg/L. 
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Geologic (Well) Log 
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Geophysical Logs 



Appendix C 

 

  

Packer Tests  
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Laboratory Data 
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Pumping Test Data 
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Final Well Video Survey 
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