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Section 1 
Executive Summary 
 
1.1 Executive Summary 
 
The proposed City of Hialeah reverse osmosis water treatment plant project is a major 
component of the City’s capital improvement program.  Reverse osmosis treatment of brackish 
groundwater will be used to help meet the potable water demands of the City’s annexation area 
and growth within the Miami-Dade Water and Sewer Department (MDWASD) service area.  
The City and MDWASD recognized the need for additional water and have partnered together to 
share the cost of constructing the new treatment facility.  Large-scale development of fresh 
groundwater sources near the major population centers in South Florida is no longer feasible due 
to competing uses, the potential for saline water intrusion problems, and perceived impacts to 
wetlands or other environmentally sensitive areas. The South Florida Water Management District 
(SFWMD) encourages the use of alternative water supplies and has supported this project by 
issuing grants to help cover portions of the construction costs.  The design capacity of the water 
treatment facility is 17.5 million gallons per day (Mgd) and it is anticipated that the initial plant 
capacity will be 10.0 Mgd.  Raw water pumpage rates of 23.33 and 13.33 Mgd will be required 
based on an assumed recovery efficiency of 75% for the reverse osmosis process. The 
development of brackish water for public supply purposes includes three major components: a 
reverse osmosis treatment facility, a concentrate disposal system, and the raw water supply 
wellfield. This report addresses the testing and evaluations conducted in order to design the raw 
water supply wellfield. 
 
Brackish water is known to occur within the Floridan Aquifer at depths of approximately 1,000 
feet below land surface and greater in Dade County based on the results of previous 
hydrogeologic investigations conducted in the area. However, aquifer yield and water quality 
conditions can vary greatly over relatively small distances and with depth. A detailed program of 
testing and analyses was developed to: identify one or more groundwater sources suitable for 
reverse osmosis treatment; assess the quantity of water available for public supply use; estimate 
the pumpage induced, long-term changes in water quality with time; and to collect sufficient data 
to insure the long-term viability of the water source(s). The hydrogeologic investigation included 
the drilling of five deep test wells to various depths near the proposed water treatment plant site, 
collection of aquifer yield and water quality data, computer modeling to evaluate the impacts of 
the proposed pumpage, and development of wellfield design scenarios.  The proposed water 
treatment plant and wellfield site is located near the intersection of NW 170th Street and NW 97th 
Avenue in Hialeah. 
 
The Floridan Aquifer is suitable for use as a raw water supply source for a reverse osmosis 
treatment facility based on the results of the investigation conducted. The Floridan Aquifer was 
penetrated to a depth of 1,733 feet below land surface (bls) in a test/production well constructed 
at the plant site.  The upper portion of the Floridan Aquifer was tested between the depths of 
approximately 1,080 feet and 1,490 feet bls during the investigation.  The transmissivity was 
determined to range from approximately 3,700 to 6,200 ft2/day indicating the aquifer has a 
moderate yield capacity.  The total dissolved solids (TDS) and chloride concentration of the 
water produced during aquifer performance testing of the Upper Floridan Aquifer were 
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approximately 3,500 milligrams per liter (mg/L) and 1,650 mg/L, respectively.  Salinity levels 
increase with depth within the aquifer system.  The Upper Floridan Aquifer is considered the 
primary source of feedwater for the proposed reverse osmosis water treatment facility.  A 
limestone unit encountered between the approximate depths of 497 and 620 feet during drilling 
was also tested as part of the investigation.  The unnamed limestone unit has water quality 
similar to the underlying Upper Floridan Aquifer, but very low yield potential so it is not 
considered a viable source of feedwater for the reverse osmosis plant. 

Hydraulic and solute transport computer models of the Floridan Aquifer System were developed 
to estimate water level and water quality changes that might occur due to long term brackish 
water withdrawals.  A proposed wellfield alignment consisting of 14 production wells producing 
a maximum of 23.33 Mgd was simulated for a period of 30 years.  The model results indicate 
that aquifer drawdowns of up to 107 feet may occur due to sustained withdrawals at the 
maximum anticipated pumping rate.  Drawdowns in the production wells will be greater due to 
well losses and pumping water levels of 150 feet below land surface or more may occur near the 
center of the wellfield alignment.  The average simulated TDS of the water produced from the 
wellfield increases from approximately 3,500 mg/L to 4,310 mg/L over a 30 year period based 
on the model results.  Sensitivity analyses were conducted in order to evaluate how variations of 
the model input parameters impact the model results and thus estimates of future water quality 
from the wellfield.  A range of estimated water quality changes that might occur from the 
wellfield over a 30 year period were determined based on the sensitivity analyses results.  The 
upper end scenario indicates that average TDS values from the wellfield may increase to as high 
as 6,420 mg/L over a 30 year period due to sustained pumpage at a rate of 23.33 Mgd. 

The water level drawdown and water quality projections presented in this report are based 
primarily on data collected during a hydrogeologic investigation conducted in the vicinity of the 
proposed reverse osmosis plant.  The investigation was limited in size and scope due to the 
typical time and budget restraints associated with a project of this type.  Existing data from other 
areas in South Florida were also utilized but the amount of existing information available is not 
extensive.  The designers of the membrane process and plant operators should consider the 
anticipated range of water quality from the wellfield.  It would be prudent to specify piping and 
other equipment capable of treating water with the highest salinity anticipated.  The model 
results should be compared to actual water level and water quality data obtained from the 
wellfield after it has been in operation for approximately two years.  The model should be 
updated and calibrated to the actual operational data at that time and additional simulations 
conducted to predict future wellfield performance, if necessary. 
 
1.2 Conclusions 
 

 An investigation of the Upper Floridan Aquifer was successfully performed at the future 
City of Hialeah reverse osmosis water treatment plant site.  Brackish groundwater from 
the Upper Floridan Aquifer will adequately supply the future raw water demands of the 
water treatment plant.  The reverse osmosis treatment process is anticipated to be 75 
percent efficient and will require a raw water supply of 13.33 Mgd to produce a finished 
water flow capacity  of 10 Mgd and a raw water supply of 23.33 Mgd to produce a 
finished water flow capacity of 17.5 Mgd.   
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 One test-production well (TP-1) and three monitor wells (F-1, F-2, and F-3) were 
constructed in the Upper Floridan Aquifer at the project site.  The wells were constructed 
and tested to evaluate yield and quality of groundwater from the Upper Floridan Aquifer.  
The test-production well was designed to enable conversion to a future production well. 

 
 An unnamed aquifer was identified in the Intermediate Confining Unit during test-

production and monitor well construction at the project site.  Recognizing the potential 
value of a freshwater source to supplement brackish groundwater, a test well was 
subsequently constructed and cased with an open hole ranging from 497 to 620 feet 
below land surface (bls).  The aquifer had low yield characteristics and similar water 
quality to the Upper Floridan Aquifer.  The aquifer is not considered a viable raw water 
source for the water plant due to its low yield potential. 

 
 The Upper Floridan Aquifer consists primarily of porous limestone and dolomite.  The 

top of the aquifer occurs at an approximate depth of 1,050 feet bls at the project site.  
Dissolved chloride and total dissolved solids (TDS) were measured at concentrations of 
approximately 1,650 milligrams per liter (mg/L) and 3,500 mg/L, respectively, in the test-
production well.  The overall testing results indicate that the transmissivity of the 
production zone at the project site ranges from approximately 3,700 to 6,200 ft2/d and 
that the storage coefficient is roughly 5 X 10-4.  The calculated leakance values ranged 
from 1.5 X 10-4 to 4.1 X 10-4 d-1. 

 
 The potentiometric surface in the Upper Floridan Aquifer ranged between an 

approximate altitude of 47 and 52 feet referenced to the National Geodetic Vertical 
Datum of 1929, which is equivalent to approximately 39 to 44 feet above land surface.  
Wells constructed in the Upper Floridan Aquifer are artesian and will flow freely at land 
surface. 

 
 Hydraulic and solute transport computer models of the Upper Floridan Aquifer were 

developed to simulate aquifer response in terms of drawdown and water quality changes 
that may result from a raw water withdrawal rate of 13.33 and 23.33 Mgd.  A proposed 
design for the wellfield was evaluated using a groundwater flow model to estimate the 
amount of drawdown that would occur in the aquifer based on the proposed withdrawal 
rates.  A solute transport model was used to estimate salinity changes over a 30-year 
period.  A maximum drawdown of approximately 107 feet is anticipated in the aquifer 
based on the modeling results with a 23.33 Mgd withdrawal rate.  The solute modeling 
indicated that TDS concentrations from the wellfield may increase from an average initial 
value of 3,500 mg/L to approximately 4,310 mg/L over the 30-year period at a 
withdrawal rate of 23.33 Mgd.   

 
 A sensitivity analysis was performed to quantify the uncertainty in the calibrated model 

caused by uncertainty in the estimates of aquifer parameters, stress, and boundary 
conditions.  The sensitivity analysis was performed by varying longitudinal and vertical 
dispersivities, effective porosity, and the vertical hydraulic conductivity value of the 
Middle Confining Unit that directly underlies the proposed pumping zone.  The 
sensitivity analysis results indicate that the model is most sensitive to the vertical 
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hydraulic conductivity of the Middle Confining Unit.  Based on the results of sensitivity 
analysis, the average TDS concentration of raw water withdrawn from the wellfield could 
reach 6,420 mg/L. The maximum drawdown may reach 117 ft according to one 
sensitivity analysis run in which the vertical hydraulic conductivity of the underlying 
confining unit was reduced by 50%.  
 

1.3 Recommendations 
 

 A total of 14 production wells should be utilized to meet a raw water demand of 23.33 
Mgd.  Two of the 14 production wells should serve as backup supply wells that provide a 
redundant supply capacity in the event one or more of the production wells are not 
operational.  All of the production wells and backup wells should be used on a rotational 
basis.  The individual wells should be constructed with a minimum spacing of 
approximately 1,250 feet and a configuration that maximizes separation to the extent 
possible.  A proposed wellfield alignment is provided in this report. 

 
 The production wells should be constructed with a cased depth of approximately 1,080 

feet bls with an open hole to approximately 1,490 feet bls.  The depth to the top of the 
Upper Floridan Aquifer will vary across the proposed wellfield site.  Therefore, the final 
casing and open hole depths should be determined by a geologist based on actual 
lithology at each individual production well site.  A cost effective well design should be 
considered that enables installation of a submersible pump while minimizing casing 
diameter below the submersible pump.  A common design includes a larger diameter 
(e.g., 16-inch diameter) casing installed to approximately 200 feet, in which the 
submersible pump is installed, and below which the casing size is reduced (e.g., 12-inch 
diameter). 

 
 Step-drawdown pump tests should be performed on each newly constructed production 

well.  Pumping rates during the tests should range between approximately 1,000 and 
1,500 gallons per minute (gpm).  Specific capacity values calculated based on the test 
results can be used to assess individual well yields and confirm withdrawal rates.  All of 
the production wells should be disinfected following development and step-drawdown 
pump testing.  Submersible pumps equipped with electric motors should be installed in 
the wells with the intakes set at depths determined based on the specific capacity test 
results.  Variable frequency drive controllers should be used to adjust production rates as 
needed.  Intake setting depths of 100 to 150 feet bls are anticipated.  Recommended 
withdrawal rates for the Upper Floridan Aquifer production wells when the reverse 
osmosis water treatment plant is in full operation may range between 1.5 to 2.0 Mgd. 

 
 A letter modification of the existing South Florida Water Management District water use 

permit should be submitted to document the number and locations of proposed 
production and monitor wells.  The existing Miami-Dade water use permit (SFWMD No. 
13-00017-W) includes the proposed withdrawals from the Upper Floridan aquifer at the 
project site. 

 



Section 1 
Executive Summary 

 

1-5 
 

 The monitor wells constructed during this investigation should be preserved and be used 
to monitor future water levels and water quality, if possible.  Monitoring may be required 
by limiting conditions of the SFWMD water use permit.  An additional monitoring well 
located distant from the wellfield should be designated as a background well. 

 
 The project design and management strategy should be sufficiently flexible to 

accommodate the maximum salinity change predicted by the model.  Based on the results 
of sensitivity analysis, the average TDS concentration of raw water withdrawn from 14 
proposed wells could reach 6,420 mg/L after 30 years of pumpage ranging from 13.33 to 
23.33 Mgd.  It is recommended that the design of the 17.5 Mgd RO plant accommodate 
raw water with a TDS concentration of at least 6,420 mg/L.   

 
 Additional sensitivity analyses and model calibration may be necessary when more 

operational data from the water treatment plant become available.  The hydraulic and 
solute transport models should be updated and recalibrated when more data, especially 
the actual drawdown and water quality data, become available after the proposed RO 
plant is in operation, if necessary.  Actual monitoring data add to the reliability of the 
predicted changes in water quality. 
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Section 2 
Introduction 
 
2.1 Background 
 
The Biscayne Aquifer is an unconfined, highly permeable aquifer, underlying approximately 
4,000 square miles of Miami-Dade, Broward, and southeastern Palm Beach counties (Miller, 
1986).   Due to the aquifer productivity and the relative ease with which this water can be 
withdrawn and treated, it is the dominant source of public water supply for many utilities in 
southeast Florida.  In addition, the aquifer is widely used for commercial, industrial, and 
agricultural purposes. The high permeability and unconfined nature of the aquifer causes it to be 
susceptible to contamination by salt-water intrusion and infiltration of contaminants from the 
extensive system of canals used for drainage and flood control and other anthropogenic sources 
(Miller, 1986).  
 
Due to the large demands from this aquifer, as well as potential impacts accompanying continued 
and additional withdrawals from the Biscayne Aquifer, the SFWMD continues to encourage 
utilities to seek alternative water supplies, including RO treatment of brackish water. The 
SFWMD, along with funds from the State Water Protection and Sustainability Program, provide 
funding to off-set the cost of alternative water supply projects.  To meet the alternative use 
objective, the City of Hialeah and Miami-Dade County entered into a joint participation 
agreement in December 2007 to develop a 17.5 Mgd RO water treatment plant (WTP).  A site 
located near the Florida Turnpike was selected for the RO plant and wellfield (Figure 2-1).  The 
plant will treat brackish water obtained from production wells completed in the Upper Floridan 
Aquifer.  The RO treatment process is anticipated to be approximately 75% efficient and 
therefore, a raw water supply of approximately 23.3 Mgd will be required at buildout.  A 10 Mgd 
RO WTP capacity will initially be built, which will require a 13.33 Mgd raw water supply. 
 
Hydrogeologic data for the Upper Floridan Aquifer near the proposed RO WTP is relatively 
limited.  Therefore, an investigative program was conducted to obtain information on the Upper 
Floridan Aquifer and identify the preferred production zone for the wellfield.  A test-production 
well (TP-1) was constructed to serve this purpose.  In addition, three Upper Floridan Aquifer 
monitor wells were constructed, at variable distances from TP-1, to function as monitor wells 
during aquifer performance testing to obtain additional water quality data, and to assess aquifer 
heterogeneity.  The construction and testing of these wells is documented in this report. 
 
2.2 Scope of Work 
 
The scope of work completed for this project included: 1) a compilation and review of available 
geologic, hydraulic, and water quality data, 2) construction of test wells in the Upper Floridan 
Aquifer, 3) collection and analysis of lithologic, geophysical, and water quality data during well 
construction and testing, 4) aquifer performance testing to determine pertinent aquifer hydraulic 
characteristics for the Upper Floridan Aquifer, 5) groundwater modeling to estimate drawdown 
and water quality impacts associated with wellfield pumpage, and 6) preparation of a report 
summarizing the results of the investigation.  In addition to testing of the Upper Floridan 
Aquifer, an unnamed aquifer in the Intermediate Aquifer System was identified during this  
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investigation.  Recognizing the potential value of an alternative source to blend with the brackish 
groundwater from the Upper Floridan Aquifer, approval to construct a test well in the unnamed 
aquifer was granted by the City of Hialeah. 
 
Additional tasks that remain to be completed for wellfield development as part of the overall RO 
WTP expansion project include: 1) preparation of technical specifications for construction of the 
RO WTP production wells and assistance in the bid process, 2) modification of the water use 
permit to include the new wellfield, 3) provision of construction services during production well 
construction, and 4) start-up services for the raw water supply wellfield.  The Miami-Dade 
County water use permit contains an allocation for this wellfield.  It is anticipated that a minor 
modification must be obtained to show a revised configuration for the wellfield. 
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Section 3 
Methods of Investigation 
 
3.1 Existing Data Compilation and Review 
 
Geologic and hydrologic data available near the project site were compiled and evaluated as part 
of a preliminary assessment of the Upper Floridan Aquifer.  The data sources included 
publications from the United States Geological Survey (USGS), Florida Geological Survey 
(FGS), and SFWMD, which are referenced in Section 6 of this report.  Information obtained 
from the preliminary assessment was used to design the hydrogeologic investigation and prepare 
technical specifications for test-production well (TP-1) and monitor wells (F-1, F-2 and F-3).       
 
3.2 Test Drilling 
 
Diversified Drilling Corporation was selected by the City of Hialeah, based on a competitive 
request for proposals evaluation, to construct the test-production and monitor wells.  
Schlumberger Water Services (SWS) prepared the well designs and technical specifications, and 
supervised all drilling operations, casing installation and cementing, water quality testing, 
geophysical logging, and aquifer performance testing.  The wells were designed and constructed 
in accordance with the requirements of Chapter 62-532, Florida Administrative Code and 
generally in accordance with the American Water Works Association Standards for Water Wells 
(AWWA A100-06).  An aerial photograph showing the locations of the test-production well and 
monitor wells is provided as Figure 3-1. 
 
All wells were constructed using conventional closed-circulation mud rotary drilling through the 
Surficial Aquifer System and the Intermediate Confining Unit, and open-circulation reverse air 
drilling through the Upper Floridan Aquifer and Middle Confining Unit.  Discharge water 
generated during open-circulation reverse air drilling was conveyed through a settling tank, filter, 
and piped to an existing mine pit located to the west of the project site.  A permit was obtained 
from Miami-Dade Department of Environmental Management (DERM) prior to discharging to 
the existing mine pit.   
 

3.2.1 Upper Floridan Aquifer Test-Production Well (TP-1) 
 
Construction of test-production well TP-1 was initiated on March 29, 2009 and completed on 
June 7, 2009.  The test-production well was constructed to evaluate the Upper Floridan Aquifer 
and allow for later conversion of the well to a production well to supply raw water to the RO 
WTP. 
 
A 42-inch borehole was drilled to 19 feet below land surface (bls) and a 34-inch diameter (0.375-
inch wall steel) pit casing was grouted at a depth of 18 feet bls.  A 32-inch diameter borehole 
was then drilled using mud-rotary drilling to a depth of 220 feet bls.  A 26-inch diameter (0.375-
inch wall steel) surface casing was then pressure grouted in place at a depth of 212 feet bls.  A 
25-inch diameter borehole was then drilled using the mud-rotary drilling method and a 17.4-inch 
outside diameter Certa-Lok SDR-17 PVC casing was pressure grouted in place with neat cement 
to a depth of 1,082 feet bls using a narrow diameter pipe that was run through the well casing.   
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The remaining annular space was grouted in about 10 stages using a collarless tremie pipe.  The 
number of stages was necessary to avoid damage to the PVC pipe from heat of hydration created 
during grouting.  Some bentonite was allowed in the tremie installed grout stages to reduce heat 
of hydration.  The drilling rig was converted to reverse air and a 12.25-inch diameter pilot hole 
was completed to a depth of 1,733 feet bls.  Discharge from reverse air drilling was conveyed 
through a settling tank, filter, and piped to an existing mine pit located to the west of the project 
site. 
 
The full pilot hole was logged using advanced borehole geophysics to obtain the best quality 
hydraulic and water quality data possible.  The pilot hole was then back-plugged with cement to 
a depth of 1,490 feet bls and then reamed using a 15-inch diameter bit to a total depth of 1,490 
feet bls.  The test-production well was purposely overdrilled to obtain water quality data from the 
zone below the anticipated open hole portion of the production well.  Water quality data obtained 
from the overdrilled pilot hole was used in a three-dimensional density-dependent groundwater 
flow and solute transport model developed for this project.  The final well depth was determined 
by an on-site SWS hydrogeologist based on lithology, geophysical data, water quality, and well 
yield.  An as-built diagram for the test-production well is provided as Figure 3-2.  As-built 
construction details for the test-production well are provided in Table 3-1.  The well was air 
developed for several hours from within the casing until the produced water was clear and free of 
sediment.  Rossum Sand Sampler and Silt Density Index (SDI) tests were performed during the 
aquifer performance test. 
 

3.2.2 Upper Floridan Aquifer Monitor Wells (F-1, F-2, and F-3) 
 
Three Upper Floridan Aquifer monitor wells (F-1, F-2, and F-3) were constructed on the project 
site (Figure 3-1) at varying distances from test-production well (TP-1).  The monitor wells were 
constructed to measure water level changes in response to pumping of the test-production well 
and obtain spatial water quality and hydrogeologic data.  The monitor wells were constructed by 
Diversified Drilling Corporation under the supervision of SWS staff.   
 
The monitor wells were constructed using similar methods for each well.  A 25-inch diameter 
borehole was constructed to approximately 20 feet bls, using mud-rotary drilling.  A 20-inch 
diameter pit (0.375-inch steel wall) casing was installed to a depth of 19 feet bls in each monitor 
well.  An 18.75-inch diameter borehole was drilled and a 12-inch (0.250-inch steel wall) casing 
was grouted to a depth of 267 feet bls in F-1, 210 feet bls in F-2, and 209 feet bls in F-3.  A 12-
inch nominal diameter borehole was then drilled to approximately 1,080 feet bls or greater to the 
top of the Upper Floridan Aquifer using mud-rotary drilling.  The variation in the borehole depth 
was based on localized changes in the geology as observed by the on-site geologist.  A 6.625-
inch Certa-Lok SDR-17 PVC casing was grouted to a depth of 1,082, 1,080, and 1,085 feet bls in 
monitor wells F-1, F-2, and F-3, respectively.  A nominal 6-inch diameter open borehole was 
drilled using reverse air to a depth of 1,489, 1,358, and 1,368 feet bls for monitor wells F-1, F-2, 
and F-3, respectively.  The final well depth was determined by an on-site SWS hydrogeologist 
based on lithology, geophysical data, water quality, and well yield.  The initial cement stage was 
installed by pressure grouting using a narrow diameter PVC pipe that was run through the well 
casing, while the remaining annular space was grouted in stages using a collarless tremie pipe.  
As-built diagrams for the monitor wells are provided as Figure 3-3.  As-built construction details  
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Table 3-1  Well Construction Details

Well ID Lat/Long Distance from TP-1 Construction Date Pit Casing Surface Casing Final Casing Open Hole
TP-1 25.9241/80.3699 3/29/09-6/7/09 34-in, 18 ft 26-in, 212 ft 17.4-in, 1082 ft 15-in, 1490 ft
F-1 25.9239/80.3700 93 5/14/09-6/29/09 20-in, 19 ft 12-in, 210 ft 6.625-in, 1083 ft 6-in, 1488 ft
F-2 25.9239/80.3679 731 3/27/09-5/14/09 20-in, 19 ft 12-in, 210 ft 6.625-in, 1080 ft 6-in, 1358 ft
F-3 25.9275/80.3699 1266 3/30/09-5/21/09 20-in, 19 ft 12-in, 209 ft 6.625-in, 1085 ft 6-in, 1368 ft
T-2 25.9238/80.3677 732 8/19/09-9/3/9 12.75-in, 22 ft 6.625-in, 497 ft 6-in, 620 ft
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Monitor Well F-1, F-2, and F-3 Construction Diagrams
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for the monitor wells are provided in Table 3-1.  The wells were air developed for several hours 
from within the casing until the produced water was relatively clear and free of sediment. 
 

3.2.3 Unnamed Aquifer Test Well (T-2) 
 
An unnamed aquifer in the Intermediate Confining Unit was observed at a depth of 
approximately 480 to 633 feet bls during construction of the test-production and monitor wells.  
The aquifer consists of limestone characterized as a moderately hard, sandy, wackestone with 
medium apparent moldic macroporosity.  Recognizing the potential value of an alternative 
source to blend with brackish groundwater from the Upper Floridan Aquifer, the City of Hialeah 
granted approval to construct a test well in the unnamed aquifer.  A test well (T-2) was 
subsequently installed and tested to determine the hydraulic characteristics and water quality in 
the unnamed aquifer and its potential use as a raw water source.   
 
A 12.75-inch diameter steel surface casing was set to 22 feet bls.  A 6-inch diameter PVC casing 
was then grouted to 497 feet bls with an open hole constructed to 620 feet bls.  An as-built 
diagram for the test well is provided as Figure 3-4.  As-built construction details for the test well 
are provided in Table 3-1.  The test well was air developed for several hours from within the 
casing until the produced water was clear and free of sediment. 
 
3.3 Lithological Logging 
 
Drill cuttings were collected at 10-foot intervals, or at changes in lithology, and described by an 
on-site SWS geologist.  The descriptions included lithology, color, hardness, and apparent 
porosity and permeability.  Geologist’s logs of the sediments encountered during drilling of test-
production well TP-1 are provided in Appendix A of this report.  The classification system of 
Dunham (1962) was used to classify limestone intervals.  Colors of the drill cuttings were 
described using the Geological Society of America’s Rock Color Chart, which is based on the 
Munsell system. 
 
3.4 Water Quality 
 
Groundwater samples were collected every 30 feet during reverse-air drilling of the test-
production (TP-1) and monitor wells (F-1, F-2, and F-3).  The groundwater samples were field 
tested for specific conductance (conductivity) using a calibrated conductivity meter.  Eight-ounce 
samples were also retained to conduct laboratory analysis for dissolved chloride concentration 
and conductivity.  Dissolved chloride and conductivity measurements were also made during 
aquifer performance testing.  The reverse-air water quality data for a given depth is not 
necessarily representative of the formation water quality at that particular depth due to mixing 
with water produced higher in the borehole.  However, changes in the composition of the 
reverse-air discharge can provide qualitative information regarding formation water quality.  
Samples were collected from the test-production well near the completion of the aquifer 
performance test for laboratory analytical testing of primary and secondary drinking water 
standards and water quality parameters critical to the RO WTP design.   
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Test Well T-2 Construction Diagram

0

100

200

300

400

500

600

D
E

P
T

H
 (

fe
e
t 
b
e
lo

w
 l
a
n
d
 s

u
rf

a
c
e
)

T-2

22 ft

497 ft

700

620 ft

Nominal 6-inch diameter borehole

Portland cement

Nominal 11.75-inch diameter borehole

12.75-inch O.D.
steel pit casing

Nominal 18.75-inch diameter borehole

6.625-inch O.D.
Certa-Lok SDR-17
PVC Casing



Section 3 
Methods of Investigation 

 

3-9 

3.5 Geophysical Logging 
 
The borehole geophysical logging program implemented during the construction and testing of 
test-production well TP-1 was designed to collect information on the hydrogeology and water 
quality of the penetrated strata and information on borehole geometry and volume that would 
assist in the setting and cementing of casing strings.   

 
Two suites of geophysical logs were run on the test-production well.  The first set of geophysical 
logs was completed by MV Geophysical Surveys, Inc. on April 9, 2009 and included X-Y 
caliper, gamma ray, and dual induction.  The logs were run in a 12.25-inch diameter mudded 
pilot hole that was completed to 1,113 feet bls.  Copies of the geophysical logs are provided in 
Appendix C. 
 
A second suite of geophysical logs was completed by Schlumberger on June 8, 2009 and 
included caliper, gamma ray, combinable resonance tool, dipole sonic imager, elemental capture 
sonde, fullbore micro imager, hostile natural gamma ray sonde, platform express (array 
induction/ MCFL/ spontaneous potential/ neutron/ density/ and gamma ray), three detector 
lithodensity, compensated neutron, and flow meter log.  The logs were run in a 12.25-inch 
diameter pilot hole completed to 1,733 feet bls.  A SWS field geologist was present during 
geophysical logging.  Copies of the geophysical logs are provided on a DVD in Appendix C. 
 
3.6 Aquifer Hydraulic Testing 
 
 3.6.1 Short-Term Aquifer Performance Test 

 
A short-term aquifer performance test (APT) was performed in the 12.25-inch diameter pilot 
hole of the test-production well at a depth between 1,082 and 1,208 feet bls.  The well was 
allowed to flow at a rate of approximately 150 gpm for approximately 2 hours.  A pressure 
transducer/datalogger was set inside the drill pipe to monitor water level change in response to 
pumping.  The water level was allowed to stabilize and a two hour constant rate APT was 
initiated.  At the end of the pumping phase, a groundwater sample was collected and analyzed for 
specific conductance and chloride.  The recovery of water levels was monitored for one hour 
after the pump was turned off using the pressure transducer/datalogger. 
 

3.6.2 Step-Drawdown Test 
 
A step-drawdown test was performed on test-production well TP-1 to obtain aquifer and well 
yield information and to aid in selecting appropriate pumping rates for the constant rate aquifer 
performance test.  The well had been back plugged to a depth of 1,490 feet bls and reamed to a 
nominal diameter of 15 inches prior to the step-drawdown test.  The step-drawdown test was 
performed on June 24, 2009 using a 100-horsepower submersible pump set at 100 feet bls.  The 
test consisted of three steady (1,000, 1,200, and 1,400 gpm) steps lasting 2 hours each.  Water 
levels were recorded with pressure transducer/dataloggers installed in the test-production well.  
Discharge was measured using a flowmeter calibrated to within 2 percent of full scale.  
Discharge was piped to the existing mine lake located to the west of the project site. 
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3.6.3 Long-Term Constant Rate Aquifer Performance Test 
 
A long-term constant rate APT was completed to determine the hydraulic coefficients for the 
Upper Floridan Aquifer.  Test-production well TP-1 was pumped at a constant rate of 1,150 gpm 
using a 100 horsepower submersible pump for 6,954 minutes (4.8 days).  The APT was 
completed between June 30, 2009 and July 5, 2009 under the supervision of SWS personnel.  
Time and potentiometric surface data from the test-production well TP-1 and monitor wells F-1, 
F-2, and F-3 were measured and recorded using pressure transducers/dataloggers.  Discharge 
from the APT was piped to the existing mine lake to the west of the project site.  Silt density 
index (SDI) tests were performed on the discharge water along with testing of the sand 
concentration using a Rossum Sand Sampler.  Prior to and after conducting the APT, background 
potentiometric surface data were recorded for a minimum of 24 hours in order to measure natural 
fluctuations of the potentiometric surface. 
 
A constant rate APT was also performed using a single test well (T-2) constructed in the 
unnamed aquifer.  The APT was performed using a centrifugal pump at a constant rate of 23 gpm 
for 1.5 hours.  Water levels in the pumping well were recorded using pressure 
transducers/dataloggers installed above and below the pump intake. 
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Section 4 
Investigation Results 
 
4.1 Geology 
 
The geology and hydrogeology of Miami-Dade County have been described in a number of 
investigations conducted by the USGS, FGS, SFWMD, and various consultants.  A list of key 
references is provided in Section 6.0 of this report.  The geologic descriptions provided below 
are based on a combination of the above sources and the analysis of drill cuttings collected 
during drilling.  The classification scheme of Dunham (1962) was used to describe the 
limestones encountered during well construction.  The stratigraphic and hydrogeologic 
terminology used in this report conforms to that recommended by the Southeastern Geological 
Society Ad Hoc Committee (1986). 
 
A description of the geologic formations, aquifers, and confining beds encountered during the 
drilling of test-production well TP-1 is provided below in order from youngest to oldest.  Figure 
4-1 shows a hydrostratigraphic column of test-production well TP-1. 
 
Fill 
The shallow subsurface (0-3 feet bls) near and surrounding the test-production well TP-1 and 
monitor wells (F-1, F-2, and F-3) is characterized as fill consisting of loose sand, peat and silt 
along with demolition debris. 
 
Miami (Oolite) Limestone/Fort Thompson Formation/Key Largo Limestone (Undifferentiated) 
The thin fill is underlain by Pleistocene-aged strata consisting of interfingered and often 
discontinuous bodies of shallow-water deposits.  Fish and Stewart (1991) assigned these strata to 
the Miami (Oolite) Limestone, Fort Thompson Formation and Key Largo Limestone.  However, 
these subsurface strata are lumped together in this discussion because they bear no real 
significance to this investigation.  According to Fish and Stewart (1991), the largest component 
of the very highly permeable units in eastern Miami-Dade County is the Fort Thompson 
Formation, which is partly or completely replaced with the Miami (Oolite) Limestone or Key 
Largo Limestone near the coast.   The undifferentiated strata extend to an approximate depth of 
100 feet bls at the project site. 
 
Tamiami Formation 
The Pliocene Tamiami Formation is characterized by Parker et al (1955) as a creamy white 
limestone and green-gray clayey and calcareous marl locally hardened to limestone, silty sands, 
and shelly sands.   Fish and Stewart (1991) point out that the upper part of the Tamiami 
Formation along coastal Miami-Dade County consists of highly permeable limestone, calcareous 
sandstone, and sand.  The highly permeable portions of the Tamiami Formation form the lower 
part of the Biscayne Aquifer at the project site. 
 
The upper portion (100 to 130 feet bls) of the Tamiami Formation consists of light to medium 
gray sandy fossiliferous packstone with medium to high moldic macroporosity.  The porosity of 
the Tamiami Formation decreases with depth as the formation grades into a wackestone at 130 to 
140 feet bls.  
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Test-Production Well TP-1 Hydrostratigraphic Column
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Hawthorn Group 
The Hawthorn Group is regionally extensive and lies unconformably beneath the Tamiami 
Formation.  The Hawthorn Group is characterized by a predominant greenish color and higher 
clay content than the Tamiami Formation.  It is a lithologically diverse unit that contains varying 
sequences of limestones, sands, sandstones, marls, clays, and phosphates.  The commonly high 
phosphate concentration of numerous beds within the Hawthorn Group results in these beds 
having a distinctive high gamma ray log response.   
 
The contact between the Tamiami Formation and the Hawthorn Group occurs at approximately 
140 feet bls at the project site and is marked by a lithological transition downward from a light 
gray wackestone to a light olive gray limestone/calcareous sandstone with very fine sand-sized 
phosphate grains.  All phosphatic clays, silts, sands, and limestones are considered part of the 
Hawthorn Group in this investigation.  The base of the Hawthorn Group is identified at a depth 
of 1,155 feet bls based on a decrease in visible phosphate and natural gamma ray activity in 
geophysical logs.  The basal portion (1,080 to 1,155 feet bls) of the Hawthorn Group is 
characterized by phosphatic limestones with medium to high macroporosity.  It is not possible to 
separate the Peace River Formation from the Arcadia Formation, as defined by Scott (1988), 
which may not be present beneath the site. 
 
Suwannee Limestone 
A thin interval of very light colored fine-grained packstone with good porosity was identified 
below the Hawthorn Group at a depth between 1,155 and 1,177 feet bls.  The interval exhibited 
low natural radioactivity measured by gamma ray logs and no visible phosphate.  The interval 
lacks the diagnostic fossils characteristic of the subjacent Avon Park Formation. 
 
There is a lack of consensus among local workers as to the presence or absence of the Suwannee 
Limestone in southeastern Florida because of marine erosion by the Florida current (Reese and 
Richardson, 2008).  The Suwannee Limestone is regionally overlain by the Ocala Limestone 
except in the southern part of southeastern Florida, including most of Miami-Dade County 
(Reese and Richardson, 2008).  Based on the documented absence of the Ocala, lack of visible 
phosphate and natural radioactivity, and lack of diagnostic fossils that would place the interval in 
the Avon Park Formation, the interval is placed in the early Oligocene-aged Suwannee 
Limestone. 
 
Avon Park Formation 
The top of the middle Eocene-aged Avon Park Formation is located at an approximate depth of 
1,177 feet bls at the project site. The boundary between the Avon Park Formation and overlying 
limestones is subtle.  Limestones of the Avon Park Formation are characterized by the presence 
of the distinctive cone-shaped dictyoconid foraminifera, which were first encountered in cuttings 
at a depth of 1,177 feet bls.  The centimeter-sized echinoid Neolaganum dali was found by 
Vernon (1951) to be very abundant in the upper 50 feet of the Avon Park Formation in Florida 
peninsula wells.  Neolaganum dali is abundant in the cuttings obtained from 1,192 to 1,218 feet 
bls at the project site. 
 
The Avon Park Formation is a lithologically diverse unit.  The bulk of the Avon Park Formation 
penetrated in the test-production well consists of very pale orange (10YR 8/2) to grayish orange 
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(10YR 7/4) colored limestones that are classified as grainstones.   Dolomitic limestone beds are 
thin (<5 foot), dark gray, and exhibit medium permeability.  The entire thickness of the Avon 
Park Formation was not penetrated at the project site.  The FGS placed the base of the Avon Park 
Formation at a depth of 2,743 feet bls based on cuttings from a SFWMD test well located 
approximately 6 miles to the west of the project site (Lukasiewicz, 2003). 
 
4.2 Hydrogeology 
 
There are two major aquifer systems underlying the project site from land surface to a depth of 
approximately 3,500 feet bls; the Surficial Aquifer System and the deeper, artesian Floridan 
Aquifer System.  These two aquifer systems are separated by a confining sequence referred to as 
the Intermediate Confining Unit.  The Intermediate Confining Unit contains aquifers suitable for 
freshwater or brackish water supply in some areas of Florida (where it is referred to as the 
Intermediate Aquifer System).  The Floridan Aquifer System is underlain by low transmissivity 
carbonate and evaporite strata.  A hydrostratigraphic column of TP-1 is provided as Figure 4-1. 
 
4.3 Surficial Aquifer System 
 
The Surficial Aquifer System in Florida is defined as the “permeable hydrogeologic unit 
contiguous with land surface that is comprised principally of unconsolidated clastic deposits” 
(Southeastern Geological Society Ad Hoc Committee, 1986).  The Surficial Aquifer System 
consists predominantly of Pleistocene to late Pliocene-aged sands, sandstones, and fossiliferous 
limestones that were mostly deposited in shallow-water depositional environments.  The base of 
the Surficial Aquifer System is marked by a significant decrease in the average hydraulic 
conductivity. 
 
The Surficial Aquifer System in northeastern Miami-Dade County contains one major aquifer, 
the Biscayne Aquifer.  Another aquifer referred to as the Gray Limestone Aquifer is found 
deeper than the Biscayne Aquifer and is not found at the project site.  The Gray Limestone 
Aquifer thins towards eastern Miami-Dade County and pinches out to west of the project site.   
 

4.3.1 Biscayne Aquifer 
 
The Biscayne Aquifer was defined by Parker (1951) as the hydrologic unit of water-bearing rock 
that carries unconfined groundwater in southeastern Florida.  Parker et al., (1955) later amended 
the definition of the Biscayne aquifer to specifically consist of water-bearing rock of Pleistocene 
to later Miocene age that includes all or parts of the following formations: Tamiami Formation 
(uppermost part only), Caloosahatchee Marl, Fort Thompson Formation, Anastasia Formation, 
Key Largo Limestone and Pamlico Sand.  The “Biscayne Aquifer”, as originally defined is 
synonymous with “Surficial Aquifer System”.   Fish and Stewart (1991) restrict the term 
“Biscayne Aquifer” to only those areas where there is at least 10 feet of section that has a 
hydraulic conductivity of 1,000 feet per day (ft/d) or more.  Modern revisions of ages and 
formations have limited the Biscayne Aquifer to the Fort Thompson, the Miami (Oolite) 
Limestone, the Key Largo Limestone, and the Tamiami Limestone ranging in age from Late 
Pleistocene to Pliocene. 
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The Biscayne Aquifer has been designated as a sole source aquifer and is the principal potable 
water source in Miami-Dade and Broward Counties.  The Biscayne Aquifer in general, is wedge-
shaped, increasing in thickness towards the coast where it is 300 feet or more thick.  The 
Biscayne Aquifer is absent in westernmost Miami-Dade and Broward County (Fish, 1988; Fish 
and Stewart, 1991).   The regional groundwater flow direction in the project site vicinity is 
towards the east or southeast (Fish and Stewart, 1991). 
 
The Biscayne aquifer is approximately 140 feet thick in the project site area and consists mostly 
of fossiliferous limestones, which Fish and Stewart (1991) in their regional cross-sections 
assigned Miami (Oolite) Limestone, Fort Thompson Formation, and locally to the Key Largo 
Limestone.  Fish and Steward (1991) also indicate that along coastal Miami-Dade County, the 
upper part of the Tamiami Formation is highly permeable and is included in the Biscayne 
Aquifer.  The upper portion (100 to 130 feet bls) of the Tamiami Formation at the project site 
consists of light to medium gray sandy fossiliferous packstone with medium to high moldic 
macroporosity and forms the base of the Biscayne Aquifer at the project site. 
 
4.4 Intermediate Confining Unit 
 
The Intermediate Confining Unit is defined as including “all rocks that lie between and 
collectively retard the exchange of water between the overlying Surficial Aquifer System and the 
underlying Floridan Aquifer System” (Southeastern Geological Society Ad Hoc Committee, 
1986).  In eastern Miami-Dade County, the boundary between the Surficial Aquifer System and 
Intermediate Confining Unit essentially coincides with the boundary between the Tamiami 
Formation and underlying Hawthorn Group (Fish and Stewart, 1991), which is located at 
approximately 140 ft bls at the project site. 
 
The Intermediate Confining Unit consists of phosphatic clays, silts, marls, and limestones of the 
Hawthorn Group.  The base of the Intermediate Confining Unit is located at an approximate 
depth of 1,042 to 1,048 feet bls based on lithologic log from the test-production and monitor 
wells.  The difference between the depths of the Intermediate Confining Unit is due to different 
land surface elevations across the project site.  Therefore, the base of the Intermediate Confining 
Unit is flat across the project site.  Additional information on the lithology of the Intermediate 
Confining Unit near the project site is available from the aquifer storage and recovery (ASR) 
wells installed near the Hialeah WTP on Okeechobee Road and West 3rd Avenue (Merritt, 1997).  
The Intermediate Confining Unit was reported by Merritt (1997) to consist of the Hawthorn 
Group and approximately the upper 25 feet of the Suwannee Limestone.  Merritt (1997) placed 
the boundary between the Intermediate Confining Unit and Floridan Aquifer System at 
approximately 975 ft bls.  Lukasiewicz (2003) identified the base of the Intermediate Confining 
Unit at a depth of 1,135 feet bls at the SFWMD test site six miles to the west. 
 

4.4.1 Unnamed Aquifer 
 
An unnamed aquifer was identified within the Intermediate Confining Unit during construction 
of the test-production well and monitor wells at the project site.  This aquifer is technically 
considered part of the Intermediate Aquifer System.  Recognizing the potential value of an 
alternative water source to blend with brackish groundwater from the Upper Floridan Aquifer, 
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the City of Hialeah granted approval to construct a test well in the aquifer.  A test well (T-2) was 
subsequently installed and tested to determine the hydraulic characteristics and water quality of 
the aquifer and its potential use as a raw water source. 
 

4.4.1.1 Aquifer Description 
 
The top of the unnamed aquifer occurs at a depth of approximately 480 feet bls and is separated 
from the Biscayne Aquifer by approximately 340 feet of clays, silts, and sands of the Hawthorn 
Group.  The aquifer consists of limestones characterized as a moderately hard sandy wackestone 
with low to medium apparent moldic macroporosity.  The base of the aquifer occurs at a depth of 
approximately 620 feet bls at the project site.  Lukasiewicz (2003) identified this same 
permeable zone during construction of a SFWMD test well in the Floridan Aquifer 
approximately 6 miles to the west of the project site and referred to it as the mid-Hawthorn 
interval.  Permeability indicators in the SFWMD test well included the loss of some drilling 
fluids while drilling, rapid drill bit penetration and relatively pure limestones in the return 
cuttings.  The SFWMD constructed a monitoring interval (DF-3: 516-620 feet bls) in the aquifer 
as part of a tri-zone monitor well. 
 

4.4.1.2 Water Levels 
 
Static water level in test well (T-2) was observed at the land surface on September 3, 2009.  The 
estimated land surface and water level is approximately 7 feet referenced to NGVD-29. 
 

4.4.1.3 Water Quality 
 

Water quality samples were collected from test well (T-2) on September 14, 2009 and analyzed 
for dissolved chloride concentration and specific conductance.  Dissolved chloride 
concentrations ranged between 1,560 and 1,580 milligrams per liter (mg/L) and specific 
conductance ranged between 5,270 and 5,280 micromhos/cm (umhos/cm). 

 
4.4.1.4 Aquifer Hydraulics 

 
Water levels in the unnamed aquifer declined approximately 16.9 feet in response to a constant 
pumping rate of 23 gpm resulting in a specific capacity of 1.4 gallons per minute per foot 
(gpm/ft).  A transmissivity of 375 ft2/day was estimated for the unnamed aquifer based on the 
specific capacity.  The SFWMD tested the same zone in their test well (DF-3) and measured a 
specific capacity of 1.9 gpm/ft. 
 
4.5 Floridan Aquifer System 
 
The Floridan Aquifer System is one of the most productive aquifers in the United States and 
underlies all of Florida and parts of Georgia and South Carolina for a total area of about 100,000 
square miles.  The Southeastern Geological Society Ad Hoc Committee of Florida 
Hydrostratigraphic Unit Definition (1986) defines the Floridan Aquifer System as a thick 
carbonate sequence which includes all or part of the Eocene to middle Miocene Series and 
functions regionally as a water-yielding hydraulic unit.  The system in northeastern Miami-Dade 
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County consists of the following formations in ascending order: Oldsmar Formation of early 
Eocene age, Avon Park Formation of middle Eocene age, Suwannee Limestone of Oligocene 
age, and the basal portion of the Hawthorn Group of late Oligocene to Miocene age.  The Ocala 
Limestone of late Eocene age appears to be absent at the project site.  The base of the Floridan 
Aquifer System is generally placed at the top of the uppermost evaporite (anhydrite) bed in the 
Cedar Keys Formation, which ranges from about 3,500 to 3,700 ft bls in depth in eastern Miami-
Dade County (Miller, 1986). 
 
The Floridan Aquifer System is quite heterogeneous as far as hydraulic conductivity (Bush and 
Johnston, 1988).  Flowmeter log data show that the aquifer consists of a number of zones with 
very high hydraulic conductivities, which are commonly either solution riddled or fractured, 
separated by confining or semi-confining intervals of rock with low hydraulic conductivities 
(Miller, 1986).  Confining units within the Floridan Aquifer System in south Florida vary greatly 
in thickness and vertical continuity.  Thin clay beds may provide a much higher degree of 
confinement than much thicker marly and/or dense limestones.  Some dolomitic intervals may 
provide very effective vertical confinement within the Floridan Aquifer System of South Florida 
because the matrix permeability of dolomite is often an order of magnitude or more less than that 
of limestone (Maliva and Walker, 1998, 2000; Maliva et al., 2007).  Dolostone beds with 
common vugs or small cavities may be very effective confining units or may have high 
permeabilities depending upon the degree to which the vugs or cavities are interconnected.  
Vertical fractures and solution features are locally present within apparent confining units, which 
may result in high degrees of connections between aquifers.  
 
The Floridan Aquifer System can be subdivided into three main units based on their relative 
permeabilities; the Upper Floridan Aquifer, the Middle Confining Unit, and the Lower Floridan 
Aquifer (Miller, 1986).  This discussion is limited to the Upper Floridan Aquifer and the Middle 
Confining Unit.  The Lower Floridan Aquifer was not penetrated during test well construction or 
tested during this investigation. 
  

4.5.1 Upper Floridan Aquifer 
 

4.5.1.1 Aquifer Description 
 
The top of the Upper Floridan Aquifer was identified at an approximate depth of 1,042 to 1,048 
feet bls based on lithologic logs from the test-production and monitor wells.  The range in depth 
of the top of the Upper Floridan Aquifer is due to different land surface elevations across the 
project site.  The Upper Floridan Aquifer is located within limestones of the basal portion of the 
Hawthorn Group, Suwannee Limestone and upper Avon Park Formation.   
 
The Upper Floridan Aquifer in southeastern Florida is often interpreted to include only a 
relatively thin Suwannee Limestone and the upper part of the Avon Park Formation (Reese and 
Alvarez-Zarikian, 2007).  An alternative interpretation described by Reese and Alvarez-Zarikian 
(2007) is that the Suwannee Limestone is absent in parts of southeastern Florida (Miller, 1986; 
Reese and Memberg, 2000) or equivalent to the lower part of the basal Hawthorn unit (Reese, 
2004), and that the Upper Floridan Aquifer begins in the basal Hawthorn Group.  While this 
investigation agrees that the Upper Floridan Aquifer begins in the basal Hawthorn Group, there 
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is also evidence that a thin interval (1,155 to 1,177 foot bls) below the Hawthorn Group consists 
of the Suwannee Limestone. 
 
Reese (2008) points out that commonly, one or two major flow zones (typically <20 feet thick) 
provide most of the productive capacity and that these zones occur within the upper part of the 
Upper Floridan Aquifer.  Flowmeter logs performed in test-production well TP-1 confirm an 
apparent flow zone in the upper part of the Upper Floridan Aquifer at a depth of 1,112 to 1,140 
feet bls.  In addition, Miller (1986) identifies unconformities at the top of the Suwannee 
Limestone and Avon Park Limestone, which Meyer (1989) points out are associated with zones 
of dissolution and increased permeability.  The identified flowmeter zone in the test-production 
well is located near the top of the Suwannee Limestone. 
 
The basal boundary of the Upper Floridan Aquifer is difficult to define objectively and appears 
to be gradational (Reese, 2008).  According to Reese (2008), the basal boundary is placed above 
a thick limestone unit that shows gradual but substantial borehole enlargement on caliper logs 
that is characteristic of fine-grained, poorly cemented limestone of relatively low permeability.  
For the purposes of this investigation, the base of the Upper Floridan Aquifer is set at a depth of 
1,489 feet bls below which a thin, dense, limestone layer was observed.  This limestone layer 
may minimize the upward flow of poorer quality groundwater.  The overdrilled pilot hole section 
of test-production well TP-1 was subsequently backplugged to a depth of 1,489 feet bls.  Thus, 
test-production well TP-1 fully penetrates the Upper Floridan Aquifer.  For comparison, 
Lukasiewicz (2003) placed the base of the Upper Floridan Aquifer at 1,370 feet bls in the 
SFWMD test well based on the flow logs, which indicate flow stops entering the borehole below 
this depth. 
 

4.5.1.2 Water Levels 
 
Water levels in the test-production well and monitor wells were measured using a pressure gauge 
installed on the wellhead and by adding the height of the gauge from land surface.  The land 
surface elevation was estimated to the nearest foot referenced to NGVD-29 using a USGS 
topographic map.  Water levels ranged between approximately 47 and 52 feet NGVD-29 during 
June and July of 2009.  Water levels are higher than land surface and therefore the wells will 
flow freely at land surface.  Fluctuations of water levels in the Upper Floridan Aquifer are 
minimal.  The SFWMD recorded a water level fluctuation of 1.5 feet over a period of two years 
in the test well located six miles to the west (Lukasiewicz, 2003).  The potentiometric surface 
does vary slightly with tidal fluctuations. 
 

4.5.1.3 Water Quality 
 
Water samples were collected from the test-production well during drilling, step drawdown 
testing, and during the APT.  SWS staff analyzed the samples for dissolved chloride 
concentration using an argentometric titration technique (Standard Methods 4500-Cl- B, 1997) 
and specific conductance using a calibrated conductivity meter.  Results of the water quality 
testing provide a general assessment of salinity conditions within the aquifer. 
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Water samples were collected every 30 feet during open-circulation reverse air well drilling of 
the open hole of test-production well TP-1 and monitor wells F-1, F-2, and F-3.  A plot of 
dissolved chloride concentrations in mg/L versus depth is provided as Figure 4-2.  A plot of 
specific conductance versus depth is provided as Figure 4-3. 
 
Dissolved chlorides remain at a nearly constant concentration of 1,210 to 1,260 mg/L between 
the depths of 1,115 to 1,300 feet bls in test-production well TP-1.  Dissolved chlorides increase 
gradually to a concentration of 1,700 mg/L at a depth of 1,515 feet bls in test-production well 
TP-1.  Chloride concentrations then increase 250 mg/L in the next 30 foot interval ending at 
1,547 feet bls and steadily increase to a concentration of 2,170 mg/L at a maximum drilled depth 
of 1,733 feet bls.  Specific conductance shows a similar increasing trend with depth. 
 
Samples collected during the step-drawdown test of TP-1 showed a dissolved chloride 
concentration of 1,288 mg/l during the first step completed at 1,000 gpm.  Dissolved chloride 
concentrations then increased and remained nearly constant with a range of 1,620 to 1,648 mg/L 
for the remaining steps completed at 1,200 and 1,400 gpm.  Likewise, water samples collected 
periodically during the duration of the 4.8-day APT show a nearly constant dissolved chloride 
concentration ranging between 1,600 and 1,630 mg/L.  Conductivity was also measured during 
the APT and results show a result ranging between 5,850 and 5,990 umhos/cm.  The lower 
chloride concentration measured in the first step is likely due to the introduction of freshwater 
during drilling of the pilot hole.   
 
Water quality samples were collected from test-production well TP-1 near the end of the APT on 
July 5, 2009.  The samples were analyzed for primary and secondary drinking water quality 
standards.  The results are summarized in Table 4-1.  In addition, water quality samples were 
collected from TP-1 on September 3, 2009 and subsequently analyzed to determine the 
concentration of chemical parameters critical to the RO WTP design.  Total dissolved solids 
(TDS) of the samples obtained on July 5, 2009 were measured by the analytical laboratory at a 
concentration of 3,416 mg/L.  The SFWMD measured a similar TDS concentration of 3,460 
mg/L in an Upper Floridan Aquifer well constructed, approximately six miles to the west, with 
an open hole interval between 1,140 and 1,230 feet bls (Lukasiewicz, 2003).  Four silt density 
index tests were performed between July 2, 2009 and July 5, 2009 during the long-term APT.  
The results ranged between 1.60 and 1.86.  Copies of the laboratory analytical results are 
provided in Appendix B. 
 

4.5.1.4 Aquifer Hydraulics 
 
An APT was performed to obtain site-specific data on key aquifer hydraulic parameters; 
transmissivity (T), leakance (L), and storage coefficient (S; storativity).  The APT was 
accomplished by pumping the test-production well TP-1 while recording changes in water levels 
in the three observation wells (F-1, F-2, and F-3).  Wells F-1, F-2, and F-3 are located 
approximately 93, 730, and 1,265 feet, respectively, from well TP-1.  Water levels were recorded 
using self-contained pressure transducers and data loggers (Schlumberger MicroDivers™).  In 
Situ LevelTroll®500 dataloggers were also installed in each well for back-up data recording 
purposes.  The data from both devices yielded a similar overall trend of water levels during the 
APT.   



Figure 4-2. Reverse Air Drilling Dissolved Chloride Concentrations

1,000

1,100

1,200

1,300

1,400

1,500

1,600

1,700

1,800

1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400

Chloride Concentration (mg/L)

D
e

p
th

(f
e

e
t
b

ls
)

Test Production Well TP-1

Monitor Well F-1

Monitor Well F-2

Monitor Well F-3



Figure 4-3. Reverse Air Drilling Specific Conductance
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Table 4-1 Laboratory Analytical Data for Test Production Well TP-1

Parameter Result Units
Coliform-Total (E-Coli) Absent -
Specific Conductance (Field)(grab) 5560 uS/cm
pH (field) 6.70 units
Temperature (Field) 22.1 Degree C
Turbidity (field) 1.4 NTU
Oxygen, Dissolved (field) 7.9 mg/L
Carbofuran U ug/L
Oxamyl (Vydate) U ug/L
Glyphosate U ug/L
Diquat U ug/L
Total Dissolved Solids (TDS) 3416 mg/L
Chloride 1430 mg/L
Fluoride 1.11 mg/L
Nitrate (as N) U mg/L
Nitrate+Nitrate (as N) U mg/L
Nitrate (as N) U mg/L
Ortho-Phosphate (as P) 0.42 mg/L
Sulfate 460 mg/L
Alkalinity, Total (CaCO3) Endpoint 4.3 122 mg/L
Bicarbonate 122 mg/L
Carbonate 0.16 mg/L
Nitrogen (Ammonium, NH4+) 0.41 mg/L
Sulfide 3.61 mg/L
Color/pH (Lab) U Pt-Co
Odor (Lab) at 40 Degrees C 8 TON
Cyanide, Total 0.0043 mg/L
Silica 10.8 mg/L
Organic Carbon, Dissolved 1.5 mg/L
Organic Carbon, Total 2.0 mg/L
MBAS Surfactants 0.12 mg/L
Hardness, Total 792 mg/L
Aluminum 0.021 mg/L
Calcium 94.4 mg/L
Copper U mg/L
Iron 0.023 mg/L
Magnesium 135 mg/L
Manganese U mg/L
Potassium 59.5 mg/L
Silver U mg/L
Sodium 958 mg/L
Strontium 11.3 mg/L
Zinc 0.002 mg/L
Arsenic 0.0015 mg/L
Barium 0.0100 mg/L
Cadmium U mg/L
Chromium 0.0021 mg/L
Lead U mg/L
Nickel U mg/L
Selenium U mg/L
Antimony U mg/L
Beryllium U mg/L
Thallium U mg/L
Mercury U mg/L
Ultraviolet Absorption Method 0.070 l/cm
Gross Alpha 21.8 ± 5.1 pCi/L
Radium-226 5.2 ± 0.6 pCi/L
Radium-228 0.8U ± 0.5 pCi/L
Sample collected after pumping TP-1 for 6,954 minutes (4.8 days) at 1,150 gallons per minute
U - Analyzed for but not detected
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The APT test was conducted for approximately 4.8 days between June 30, 2009 and July 5, 
2009.  The average pumping rate was 1,150 gpm (1.7 Mgd), which was measured using a 
totalizing flow meter.  The pumping rate was adjusted using a gate valve as needed to maintain a 
near constant rate.  The recovery of water levels was recorded after the termination of pumping 
for approximately 18 hours.  
 
The time-drawdown data were analyzed using the Hantush-Jacob (1955) and Walton (1960, 
1962) modification of the Theis non-equilibrium equation (Hantush-Williams solution), which is 
a curve matching procedure.  The time-drawdown data were also analyzed using the Cooper-
Jacob (1946) modification of the Theis non-equilibrium equation (also known as the ‘straight-
line’ method).  Copies of the APT analyses for F-1, F-2, and F-3 are provided as Figure 4-4, 4-5, 
and 4-6, respectively.  The time-recovery data were analyzed using a method similar to the 
Cooper-Jacob method with the exception that residual drawdown (s’) is plotted against 
equivalent time (t*), rather than drawdown versus time (Theis, 1935).  Analysis of the APT 
recovery data for the three monitor wells is provided as Figure 4-7. 
 
The results of the APT are summarized in Table 4-2.   Calculated transmissivity values increased 
with the distance of the observation well from the pumped well, which is a common pattern for 
APTs in the Floridan Aquifer System.  The overall testing results indicate that the transmissivity 
of the production zone at the project site is approximately 5,500 to 6,500 ft2/d and that the 
storage coefficient is roughly 5 X 10-4.  For comparison, Lukasiewicz (2003) calculated a 
transmissivity of approximately 7,100 ft2/d from an APT performed on a flow zone identified 
between 1,140 and 1,230 feet bls in a well constructed approximately 6 miles to the west. 
 
The calculated leakance values ranged from 1.5 X 10-4 to 4.1 X 10-4 d-1.  The leakance value is 
critical as it is a measure of the potential for vertical fluid migration into the production zone, 
such as more saline water from underlying strata.  The leakance value reflects the total leakage 
of water into the production zone from both underlying and overlying strata during the APT.  
However, inasmuch as the strata that overlies the production zone is significantly less permeable 
than the underlying strata, the leakance value likely reflects primarily vertical leakage upward 
into the production zone from below. 
 
A short-term APT was performed in the 12.25-inch diameter pilot hole of the test-production 
well at a depth between 1,082 and 1,208 feet bls.  The APT was performed at 150 gpm for two 
hours on May 27, 2009.  The maximum drawdown of 30.4 feet was recorded during the test 
resulting in a specific capacity of 5 gpm/ft.  A transmissivity of approximately 1,300 ft2/day was 
estimated from the specific capacity. 
 

4.5.2 Middle Confining Unit 
 
The top of the Middle Confining Unit is placed at the approximate depth of 1,489 feet bls and is 
difficult to distinguish from the overlying Upper Floridan Aquifer.  The Middle Confining Unit 
predominantly consists of soft to hard very pale orange to grayish orange limestones with low to 
medium macroporosity.  Dolomitic limestones and dolomite are also located in the confining 
zone.  The Middle Confining Unit consists of the middle and lower parts of the Avon Park 
Formation and upper part of the Oldsmar Formation.  The porosity and permeability of the  



Figure 4-4: Analysis of APT Drawdown Data from Monitor Well F-1
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Figure 4-5: Analysis of APT Drawdown Data from Monitor Well F-2
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Figure 4-6: Analysis of APT Drawdown Data from Monitor Well F-3
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Figure 4-7: Analysis of APT Recovery Data
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F-1 F-2 F-3

Hantush-Walton Transmissivity 3,700 ft2/d 5,460 ft2/d 6,170 ft2/d
Storage coefficient 5.7 X 10-5 4.5 X 10-4 2.9 X 10-4

Leakance 1.6 X 10-4 d-1 4.1 X 10-4 d-1 1.5 X 10-4 d-1

Cooper-Jacob Transmissivity 4,300 ft2/d 6,410 ft2/d 7,340 ft2/d
Storage coefficient 9.95 X 10-5 4.3 X 10-4 6.7 X 10-4

Theis Transmissivity 3,300 ft2/d 5,880 ft2/d 6,340 ft2/d

Table 4-2 Aquifer Performance Test Summary

Method/Well
Pumping Phase

Recovery Phase
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individual beds of the Middle Confining Unit are variable, but the overall vertical hydraulic 
conductivity of the unit is low.  Reese (2007) indicates that the Middle Confining Unit provides 
leaky confinement.  The geophysical logs completed on test-production well TP-1 indicate that 
the hydraulic conductivity decreases with depth below the Upper Floridan Aquifer and into the 
Middle Confining Unit. 
 
The base of the Middle Confining Unit was not penetrated during the construction of test-
production well TP-1.  The pilot hole was advanced to a total depth of 1,733 feet bls to record 
water quality below the proposed open hole section of the future production wells.  The test well 
was backplugged using neat cement to a depth of 1,489 feet bls.  According to Lukasiewicz 
(2003), the base of the Middle Confining Unit and top of the Lower Floridan Aquifer was 
identified at a depth of 2,510 feet bls at the SFWMD test well site. 
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Section 5 
Groundwater Model 
 
5.1 Introduction 

 
A three-dimensional groundwater flow model with variable density and solute transport was 
developed to study the long-term changes of water quality at the proposed wellfield constructed 
in the Upper Floridan Aquifer. The model was run using a withdrawal rate of 13.33 Mgd and 
23.33 Mgd.  This model was developed based on a calibrated regional model (Golder Associates, 
2008), and updated with local hydraulic parameters and water quality data collected during the 
field study.  The model was developed using the USGS SEAWAT code that is capable of 
simulating flow with variable density. 
 
Local calibration was performed so that the model could mimic the drawdown observed in the 
APTs completed at the project site. The local model calibration was based on the five-day APT 
conducted at the site between June 30, 2009 and July 5, 2009.  During model calibration, 
hydraulic parameters were adjusted so that simulated drawdowns matched the drawdowns 
observed in the on-site monitor wells.  
 
After the model calibration, the model was used to predict the long-term water quality changes of 
mixed raw water from 14 proposed production wells tapping the Upper Floridan Aquifer at the 
site. A series of sensitivity analysis model runs were also performed. Dispersivity, effective 
porosity and vertical hydraulic conductivity were tested during sensitivity analysis. 
 
5.2 Code Selection 
 
The target aquifer, the Upper Floridan Aquifer contains mostly brackish water (Myers, 1989; 
Reese, 1994; Reese and Richardson, 2004).  The groundwater movement in the Floridan Aquifer 
System is impacted by the fluid density. Therefore, a computer code capable of simulating flow 
with variable density is required. 
 
SEAWAT is a computer program that couples two popular codes, MODFLOW (McDonald and 
Harbaugh 1988) and MT3DMS (Zheng and Wang 1998) for flow with variable density.  
SEAWAT, widely used throughout the world (Guo and Bennett, 1998; Guo and Langevin 2002; 
Langevin et al., 2003) was used to construct the model.  
 
SEAWAT solves two coupled partial differential equations (Guo and Langevin 2002; Langevin 
et al., 2003). The governing equation for the flow in terms of freshwater head is: 
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where hf is the equivalent freshwater head [L], Kf the hydraulic conductivity [LT-1]; ρ the fluid 
density [ML-3]; ρf the freshwater density [ML-3]; Sf the storage coefficient in terms of freshwater 
head; ρs [ML-3] qs represents the volumetric flow rate per unit volume of aquifer representing 
source and/or sink terms [T-1]; C the salt concentration [ML-3], and t represents time [T].  
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The governing equation for solute transport in porous media is: 
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where D is the hydrodynamic dispersion coefficient tensor [L2T-1]; v


 the flow velocity [LT-1]; 

Cs the source concentration and θ the effective porosity. 
 
The fluid density is defined as a linear function of salt concentration (Guo and Langevin, 2002).  
Under most natural conditions, salt concentration is represented as the concentration of total 
dissolved solids (TDS): 
  

)( of CC
C






  

 
where Co is the salt concentration for freshwater [ML-3]. Practically Co is equal to zero.  
Typically, the fluid density of seawater is 1,025 kg/m3 and the density of fresh water is 1,000 
kg/m3.  The change of water viscosity due to salt concentration change is not considered in this 
study. 

 
5.3 Regional Model ECFAS 
 
There are many groundwater models that cover the study area, but most of these models were developed 
for the Surficial Aquifer System. For example, a variable density flow model was developed by the 
USGS to study the freshwater discharge to Biscayne Bay (Langevin, 2003). The SFWMD has developed 
a number of MODFLOW-based groundwater flow models for this area (SFWMD, 2006).  

 
Recently, several large-scale groundwater flow models with variable density were developed for the 
Upper Floridan Aquifer System.  A regional scale groundwater flow and solute transport model, the East 
Coast Floridan Aquifer System Model (ECFAS) was recently developed for the SFWMD (Golder 
Associates, 2008) using the computer code SEAWAT 2000 (Guo and Langevin 2002; Langevin et al., 
2003). It is a three-dimensional groundwater flow and solute transport model.  In addition, the U.S. 
Army Corps of Engineers (USACE, 2006) recently finished the first phase of development of a regional 
scale groundwater flow model using both SEAWAT2000 and WASH123D codes for the feasibility 
study of aquifer storage and recovery (ASR) wells as one of the key components of the Comprehensive 
Everglades Restoration Plan (CERP).  

 
The development of the ECFAS model was completed in two phases.  Phase I, LEC Floridan Aquifer 
System model (HydroGeologic, 2006) was the SFWMD’s first attempt to develop a density-dependent 
groundwater flow model for the Floridan Aquifer System.  The Phase I model covered the area of the 
Lower East Coast (LEC).  The Phase II modeling effort included both the Lower East (LE) and the 
Upper East (UE) regions and the modeling tasks were undertaken by Golder Associates, Inc. (Golder 
Associates, 2008). Both the Phase I and Phase II models used the USGS computer code SEAWAT 2000 
(Guo and Langevin, 2002; Langevin et al., 2003) allowing simulation of density-dependent flow so that 
the movement of freshwater and brackish water within the aquifer as well as the seawater boundary 
conditions of the Atlantic Ocean and the underlying Boulder Zone could be simulated. 
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The model domain includes all or part of Okeechobee, Indian River, St. Lucie, Martin, Palm Beach, 
Broward, and Miami-Dade Counties, Florida (as shown in Figure 5-1).  The model has 542 rows and 
192 columns. A regular grid spacing of 2,400 feet was applied in both the row and the column 
directions. 
 
The model has 14 layers that were constructed using the hydrogeological unit geometry and properties 
compiled by the USGS and the SFWMD. The 14-layer model simulates the FAS only. The deeper so-
called “Boulder Zone” was simulated as a constant head and constant concentration boundary.  
Similarly, the overlying Surficial Aquifer System was also simulated as a constant head and constant 
concentration boundary condition representing the average head and concentration in the Surficial 
Aquifer (Golder Associates, 2008). 

 
The structure and typical values of some hydraulic parameters in the vicinity of the project site are 
summarized in Table 5-1.  The aquifer named SAS stands for the “Surficial Aquifer System”, ICU for 
the “Intermediate Confining Unit”, UFA for the “Upper Floridan Aquifer”; MCU1 and MCU2 for the 
“First and Second Middle Confining Unit”, respectively, APPZ stands for “Avon Park Permeable 
Zone”; LF1 stands for “the Lower Floridan Aquifer”, LFCU1 for the “Lower Floridan Confining Unit” 
and BZ for the “Boulder Zone”. 
 
The model includes specified head boundaries along the northern and western sides for all FAS aquifers 
and general head boundaries at the Atlantic Ocean outcrop. The initial conditions for the model were 
established using available observed water levels and water quality data from the monitoring wells as 
well as results from multiple model simulations. 
 
The model calibration included long-term transient model runs (approaching pseudo-steady-state 
conditions) over a 365 year period, long-term transient runs from 1999 to 2004 and local-scale 
calibration at six selected aquifer test locations.   

 
5.4 Development of the Site-Specific Model 
 

5.4.1 TMR Approach and Local Model Development 
 
The regional groundwater flow and solute transport model, as described in the previous section, 
covers a large area of southeast Florida. In order to focus on the hydraulic impact analysis of 
proposed groundwater withdrawals, the zoom approach was utilized so that a small portion of the 
regional groundwater model was selected as the local model. The proposed wellfield site is 
located at the center of this local model.  This approach is often referred to as the telescope mesh 
refinement method (TMR) (Ward et al, 1987; Anderson and Woessner, 1992).  This approach 
does not only help to more accurately locate wells, but also significantly saves computational 
time and data storage.  Typically, the local and regional models are connected by setting up 
either constant heads or constant fluxes along the local model borders whose values are obtained 
from the regional model at a specific time. For this study, constant head and constant 
concentration boundary conditions were specified along the parameters of the local model. The 
values of heads and concentrations were derived from the regional model. 
 
 



Figure 5-1: Model Domain of SFWMD ECFAS Model



Table 5-1 ECFAS Model Structure and Hydraulic Parameters at Proposed Wellfield

Model Layer Top Elevation Bottom Elevation Effective Porosity
(ft, NGVD) (ft, NGVD) (ft) (ft/day) (ft/day) (1/ft)

1 10 -194 204 SAS constantHead 10 10 0.00125 0.25
2 -194 -1072 878 ICU variable 0.006 0.0006 9.00E-07 0.35
3 -1072 -1207 135 UFA variable 90 9 5.25E-07 0.18
4 -1207 -1341 134 UFA variable 90 9 5.25E-07 0.18
5 -1341 -1494 153 MCU1 variable 0.01 0.002 9.00E-07 0.35
6 -1494 -1647 153 MCU1 variable 0.01 0.002 9.00E-07 0.35
7 -1647 -1721 74 APPZ variable 450 45 7.50E-07 0.18
8 -1721 -1795 74 APPZ variable 450 45 7.50E-07 0.18
9 -1795 -2000 205 MCU2 variable 0.3 0.0015 9.00E-07 0.35
10 -2001 -2207 206 MCU2 variable 0.3 0.0015 9.00E-07 0.35
11 -2207 -2412 205 MCU2 variable 0.3 0.0015 9.00E-07 0.35
12 -2412 -2514 102 LF1 variable 300 30 7.50E-07 0.18
13 -2514 -2977 463 LFCU1 variable 0.002 0.0002 9.00E-07 0.35
14 -2977 -3177 200 BZ const Head 10000 10000 7.50E-07 0.18

V. Hydraulic conductivity Specific storativityThickness Aquifer Boundary Conditions H. Hydraulic conductivity 
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The site-specific local model developed for this study is shown in Figure 5-2a.  In order to 
reduce the uncertainty associated with boundary conditions, the model borders of the local model 
were set relatively far away from the site.  The local model has 106 rows and 112 columns.  
Irregular grid spacing was used for the local model, as also shown in Figure 5-2b, so that the 
monitor and production wells used in the APT tests could be accurately located.  The grid 
spacing applied in the local model varies from 75 feet to 2,400 feet.  

 
The 14 model layers from the original regional model were maintained. However, the depths of 
some layers were adjusted based on the field data obtained for this study.   
 

5.4.2 Local Model Modification 
 
During the development of the local model from the regional model, the hydraulic parameters 
were translated from the regional model and preserved in the local model.  After the local model 
was created, the properties, including the layer top and bottom elevations, and hydraulic 
parameters, including the hydraulic conductivity and specific storativity, were revised based on 
the field data collected for this study. In the original model, the bottom of the Upper Floridan 
Aquifer is located at approximately -1,341 ft NGVD-29 while the field drill data indicates the 
bottom of Upper Floridan Aquifer is located at an approximately 1,470 ft NGVD-29.  The model 
layer thickness was changed to reflect this. 
 
The local model was updated with the water quality data collected during the field program.  A 
constant value of TDS concentration 3,500 mg/L was applied for the Upper Floridan Aquifer in 
the vicinity of proposed wellfield based on the field data.  The TDS concentration for the 
confining unit (MCU or model layer 6) is 4,750 mg/L, which was obtained from the regional 
model and verified by the field data. 
 

5.4.3 Local Model Calibration 
 
An APT was conducted at the site between June 30, 2009 and July 5, 2009. The duration of the 
APT was 6,954 minutes (4.8 days). Test-production well (TP-1) was pumped continuously at a 
constant rate of 1,150 gpm.  Drawdowns at three monitor wells (F-1, F-2 and F-3) were 
measured during the APT.  The location of the test-production well (TP-1) and the three monitor 
wells are shown in Figure 3-1. The maximum drawdown at these three monitor wells are shown 
in Table 5-2.  A discussion on the APT was provided in Section 4.5.1.4 of this report. The local 
model calibration information is presented here. 
 
During the local model calibration, some of the hydraulic parameters including horizontal and 
vertical hydraulic conductivity and specific storativity values, were adjusted manually in order to 
minimize the difference between simulated and observed drawdown at the three monitor wells.  
The adjustment of hydraulic parameters was made within a patch representing the area where the 
APT data should be valid.  It should be noted that a relatively small area, called TP1_Zone, was 
created around well TP-1 during the model calibration.  The location of the patch and TP1_Zone 
are shown in Figure 5-3. 
 
 



Figure 5-2a: Location of the Site-Specific Local Model

Project Site



Figure 5-2b: Model Grid System



Table 5-2  Locations and Maximum Drawdown Observed in Monitor Wells      

Well Type X (ft) Y(ft) Distance (ft) Time (min) Drawdown (ft)

TP-1 Test Production Well 579605.69 863248.44
F-1 Monitor Well 578512.78 863248.44 93 6954 35.61
F-2 Monitor Well 578574.67 863978.3 731 6951 11.85
F-3 Monitor Well 579871.38 863253.85 1266 6941 4.82



Figure 5.3: Locations of Patch and TP1_Zone.
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Figures 5-4 through 5-6 display simulated drawdown and observed drawdown at the three 
monitor wells, respectively.  From the results of the local model calibration, the simulated and 
observed drawdowns are in general agreement, although the model tends to predict smaller 
drawdown at early times. The difference between simulated drawdown and observed drawdown 
becomes smaller towards the end of the five-day aquifer test. It should also be noted that the 
model likely over-predicts the drawdown in a long-term simulation. Therefore, the results would 
likely be more conservative in terms of both drawdown and water quality change. 
 
Table 5-3 shows the hydraulic parameters in the vicinity of the project site after model 
calibration.  The horizontal hydraulic conductivity in the vicinity of the test-production well TP-
1 and monitor well F-1 has a lower value of 10 ft/day.  The test zone is approximately 400 ft 
thick, so the transmissivity value in the close vicinity of these two wells is about 4,000 ft2/day.  
That is close to the value of 3,701 ft2/day derived using graphic methods in aquifer test analysis. 
 
For the area where F-2 and F-3 are located, the horizontal hydraulic conductivity value is 32 
ft/day (or 8,840 ft2/day for transmissivity) for the upper portion of the UFA (Layers 3 and 4) and 
10 ft/day for the lower portion of FAS (Layer 5). This calibrated value is slightly higher than the 
transmissivity values derived using graphic methods in the aquifer test analysis (5,500 ft2/day for 
F-2 and 6,168 ft2/day for F-3, respectively).  However, using the transmissivity values derived 
from APT analysis would generate much higher drawdown at wells F-2 and F-3. 
 
5.5  Model Predictions 

 
After the model was calibrated, it was used to evaluate the long-term changes of water quality 
and drawdown impacts associated with the proposed wellfield withdrawals.  The proposed 
wellfield includes 14 wells (including 12 primary production wells and 2 backup wells) with a 
total pumping capacity of 23.33 Mgd.  In this study, pumpage was distributed among all of the 
14 wells. All the proposed production wells are constructed in the Upper Floridan Aquifer, which 
is located approximately between 1,080 ft to 1,480 feet bls (corresponding to the model layers 3 
through 5).  Therefore, a total number of 42 well cells were used in the model to represent the 
proposed 14 production wells. The locations of these 14 proposed production wells are shown in 
Figure 5-7.  

All the prediction simulations were run for 30 years. The total proposed pumping rate for the 
wellfield increases with time as shown below: 

Years    Pumping Rates (MGD 

0-6 13.33 

7-17 20.00 

18-30      23.33  

The total proposed pumpage was evenly distributed among the 14 proposed wells. These wells 
were assumed to open to the whole Upper Floridan Aquifer (model layers 3 through 5). The 
distribution of pumpage in each well, however, depends on the transmissivity ratio of each layer  



Figure 5-4: Simulated and Observed Time-Drawdown Curves at F-1
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Figure 5-5: Simulated and Observed Time-Drawdown Curves at F-2
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Figure 5-6: Simulated and Observed Time-Drawdown Curves at F-3
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Table 5-3 Revised Hydraulic Parameters at Proposed Wellfield

Layer Bottom elevation Kx (Ky) (TP1_Zone) Kz (TP1_Zone) Kx (ky) (Patch) Kz (Patch) Ss Effective Porosity Initial Concentration 
(ft NGVD) (ft/day) (ft/day) (ft/day) (ft/day) (1/ft) (TDS, mg/l)

1 -196 10 10 10 10 0.00125 0.25 350
2 -1080 0.006 0.0006 0.006 0.0006 9.00E-07 0.35 1520
3 -1210 10 2 32 4 3.00E-06 0.1 3500
4 -1300 10 2 32 4 1.00E-07 0.1 3500
5 -1480 10 10 10 10 1.00E-07 0.1 3500
6 -1550 0.01 0.01 0.01 0.01 1.00E-07 0.1 3900
7 -1721 450 45 450 45 7.50E-07 0.18 4600
8 -1795 450 45 450 45 7.50E-07 0.18 4600
9 -2000 0.3 0.0015 0.3 0.0015 9.00E-07 0.35 18410
10 -2207 0.3 0.0015 0.3 0.0015 9.00E-07 0.35 18410
11 -2412 0.3 0.0015 0.3 0.0015 9.00E-07 0.35 18410
12 -2514 300 30 300 30 7.50E-07 0.18 35000
13 -2977 0.002 0.0002 0.002 0.0002 9.00E-07 0.35 35000
13 -3177 10000 10000 10000 10000 7.50E-07 0.18 35000



Figure 5.7: Locations of Proposed Production Wells
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to the total transmissivity of the entire pumping zone. Table 5-4 shows the pumpage distribution 
of the proposed pumping wells.  

An additional prediction simulation was run with a constant pumping rate of 13.33 Mgd for the 
entire duration of 30 years. 

Based on the field data, the initial head in the vicinity of the proposed wellfield was set as 48 ft 
NGVD and the initial TDS concentration was set as 3,500 mg/L for the UFA. 

5.5.1 Simulated Drawdown 

Figures 5-8a, 5-8b, and 5-8c show the model calculated drawdown (ft) in model layers 3, 4 and 
5, respectively, after 30 years of simulation, due to proposed withdrawals from the Upper 
Floridan Aquifer.  The maximum drawdown, (107 ft), appears at test-production well TP-1 in 
model layer 5 after 30 years with variable pumping rates.  The drawdown in all three layers are 
relatively similar.  Figures 5-8d, 5-8e, and 5-8f show the model calculated drawdown (ft) in 
model layers 3, 4, and 5, respectively, after 30 years of simulation, due to a constant pumping 
rate of 13.33 Mgd. The maximum drawdown, (65.02 ft), appears at test-production well TP-1 in 
model layer 5 after 30 years at a constant pumping rate.    

 5.5.2  Long-Term TDS Concentration 

The solute transport model, as part of SEAWAT model, was run in predictive mode with the 14 
wells from the proposed brackish water wellfield.  The model uses mass fraction of total 
dissolved solids (TDS) as the primary variable for solute transport simulation and fluid density 
calculation.   

The TDS concentration of mixed water from the proposed production wells is calculated as: 

Cave= CiQi/Qi 

where Cave is the TDS concentration of mixed water, Ci is the simulated TDS concentration of 
well cell i, and Qi is the production rate of well cell i.  There are 42 well cells to represent the 14 
proposed production wells.  

Figure 5-9a shows the model predicted average TDS concentration of mixed raw water from the 
14 proposed wells with variable pumping rates.  The results indicate that the average TDS 
concentration from the wells will gradually increase with time, from an initial value of 3,500 
mg/L to approximately 4,310 mg/L over a 30-year period with variable pumping rates.  Figure 
5-9b shows the model predicted average TDS concentration of 3,987 mg/L resulting from a 
13.33 Mgd pumping rate over 30 years.  There is no apparent stabilization of the long-term 
change in TDS concentration.  The major reason for the increase of salinity is likely due to the 
vertical fluxes from the layers below the production zone that have a higher chloride 
concentration.   

 

 



Table 5-4  Pumping Distribution at 23.33 Mgd

Well name Layer Row Column Q (ft3/day)
TP-1 3 52 54 -72141.561
TP-1 4 52 54 -50322.974
TP-1 5 52 54 -100320.46

PW-10 3 51 77 -105325.59
PW-10 4 51 77 -73050.048
PW-10 5 51 77 -44409.364
PW-14 3 38 47 -104489.75
PW-14 4 38 47 -72887.736
PW-14 5 38 47 -45407.513
PW-11 3 38 77 -105325.59
PW-11 4 38 77 -73050.048
PW-11 5 38 77 -44409.364
PW-13 3 38 65 -104860.43
PW-13 4 38 65 -73014.839
PW-13 5 38 65 -44909.731
PW-12 3 38 73 -104860.43
PW-12 4 38 73 -73014.839
PW-12 5 38 73 -44909.731
PW-6 3 26 76 -106491.12
PW-6 4 26 76 -71822.11
PW-6 5 26 76 -44471.772
PW7 3 29 77 -106076.73
PW7 4 29 77 -72245.494
PW7 5 29 77 -44462.778
PW-2 3 72 62 -101783.04
PW-2 4 72 62 -75717.999
PW-2 5 72 62 -45283.958
PW-3 3 72 72 -101777.29
PW-3 4 72 72 -76316.281
PW-3 5 72 72 -44691.432
PW-4 3 72 76 -101792.03
PW-4 4 72 76 -76900.179
PW-4 5 72 76 -44092.791
PW-9 3 64 77 -103125.39
PW-9 4 64 77 -75443.131
PW-9 5 64 77 -44216.474
PW-8 3 70 77 -101792.03
PW-8 4 70 77 -76900.179
PW-8 5 70 77 -44092.791
PW-5 3 24 76 -106491.12
PW-5 4 24 76 -71822.11
PW-5 5 24 76 -44471.772



Figure 5-8a: Simulated drawdown (ft) in Model Layer 3

due to Proposed Pumping up to 23.33 mgd from the UFA after 30 Years



Figure 5-8b: Simulated drawdown (ft) in Model Layer 4

due to Proposed Pumping up to 23.33mgd from

the UFA after 30 Years



Figure 5-8c: Simulated drawdown (ft) in Model Layer 5 due to

Proposed Pumping up to 23.33 mgd  from the UFA after 30 Years



Figure 5-8d: Simulated drawdown (ft) in Model Layer 3

due to Pumpage of 13.33 MGD from the UFA after 30 Years



Figure 5-8e: Simulated drawdown (ft) in Model Layer 4

due to Pumpage of 13.33 MGD from the UFA after 30 Years



Figure 5-8f: Simulated drawdown (ft) in Model Layer 5 due to

Pumpage of 13.33 MGD from the UFA after 30 Years.



Figure 5-9a: Simulated Long-term Changes of TDS Concentration (Mg/L)

from Proposed Wellfield Pumping up to 23.33 mgd (Baserun)
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Figure 5-9b: Simulated Long-term Changes of TDS Concentration (Mg/L)

from Proposed Wellfield Pumping 13.33 MGD
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5.6  Model Sensitivity Analysis 

All numerical model simulations are subject to some degree of uncertainty. Hydraulic and 
transport parameters and boundary conditions are never known in sufficient detail.  The flow and 
solute transport models were built based on the available hydraulic and salinity data, and 
calibrated to known conditions. These data were collected from specific locations and in some 
cases at different times.  To populate all of the model cells, the available data were estimated 
through a kriging process. The distributions of initial chloride concentration, transmissivity, and 
layer thicknesses obtained from the kriging process may generate distortion in areas where data 
are not available.  Like any other model, assumptions and simplifications of the natural system 
were made during model development.  Therefore, there is some degree of uncertainty involved 
in the model prediction results.   

The purpose of sensitivity analysis is to quantify the uncertainty in the calibrated model caused 
by uncertainty in the estimates of aquifer parameters, stress, and boundary conditions.  During a 
sensitivity analysis, calibrated values for initial chloride concentration, longitudinal and vertical 
dispersivities, vertical hydraulic conductivity of confining units underlying the proposed 
pumping zone, etc. are systematically changed within a plausible range. 

A number of model simulations were performed during the sensitivity analysis for this study by 
changing one parameter value at a time.  The parameters tested include the longitudinal 
dispersivity and vertical dispersivity, effective porosity of the pumping zone, and the vertical 
hydraulic conductivity values of model layer 6 that is directly underlying the pumping zone.  The 
results of the sensitivity analysis indicate that the predicted TDS concentration is very sensitive 
to these parameters.  The model sensitivity analysis was performed using a variable pumping 
rates.   

Due to the limitation of data availability, time and budget constraints, not all the parameters used 
in the model were tested for their sensitivity to the model results.  The sensitivity of the spatial 
distribution of initial TDS, horizontal and vertical hydraulic conductivity was not assessed in this 
study.   

 5.6.1  Longitudinal Dispersivity 

Longitudinal dispersivity is one of the key input parameters used in the solute transport model.  
This parameter is rarely measured in the field, but often estimated through model calibration or 
simply by literature review. The values of longitudinal, transverse and vertical dispersivity used 
in the base run were 30 ft, 3 ft and 3 ft, respectively. 

Figure 5-10 shows the model results using different values of longitudinal dispersivity.  For the 
run with longitudinal dispersivity value of 100 ft and transverse and vertical dispersivity of 10 ft, 
the TDS concentration would reach 5,109 mg/L after 30 years of pumping.  For the run with 
longitudinal dispersivity value of 3 ft and transverse and vertical dispersivity of 0.3 ft, the TDS 
concentration would reach 3,916 mg/L after 30 years of pumping.  The results indicate that the 
greater the longitudinal dispersivity used the higher the modeled salinity concentrations would 
be.  



Figure 5-10: Sensitivity Analysis 1: Longitudinal Dispersivity
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 5.6.2  Vertical Dispersivity  

For the sensitivity analysis of vertical dispersivity ratio, two simulations were conducted to 
evaluate the uncertainty of this parameter on the model results. In the first run, the ratio of 
vertical dispersivity to longitudinal dispersivity was reduced from 0.1 in the base-run case to 
0.01. In the second simulation, this ratio was increased from 0.1 to 0.5.   

Figure 5-11 shows the results using different values of vertical dispersivity.  For the run with 
longitudinal dispersivity value of 30 ft, transverse dispersivity of 3 ft and vertical dispersivity of 
0.3 ft, the TDS concentration would reach 3,917 mg/L after 30 years of pumping.  This is 
expected since a smaller value of vertical dispersivity will likely reduce the vertical movement of 
solute from the Middle Confining Unit.  For the run with longitudinal dispersivity value of 30 ft 
and transverse and vertical dispersivity of 15 ft, the TDS concentration would reach 5,294 mg/L 
after 30 years of pumping.  This result is also expected since higher vertical dispersivity will 
likely bring more salt from the Middle Confining Unit below that has a higher TDS 
concentration. 

The results shown in Figure 5-11 indicate that the greater the vertical dispersivity ratio used, the 
higher the modeled salinity concentration would be because the major source of salinity increase 
is due to leakage from deeper layers. 

 5.6.3  Effective Porosity 

Effective porosity is another important parameter used in solute transport simulation. It is most 
commonly considered to represent the porosity of a rock or sediment that is available to actually 
contribute to groundwater movement through the rock or sediment.  The larger the value of 
effective porosity, the slower the advective solute transport, because flux is reversely 
proportional to the value of effective porosity as shown in the equation below: 

 
en

q
v   

where v is the groundwater flow velocity or pore water velocity (L/T); q is the Darcy velocity 
(L/T) simulated by the MODFLOW portion of SEAWAT and ne is the effective porosity (Batu, 
2005). 

Similar to dispersivity values, effective porosity is rarely measured in the field but often 
estimated from literature review or model calibration.  Two simulations were conducted to 
evaluate the uncertainty of this parameter on the model results. In the base run, a value of 
effective porosity 0.1 was used.  This value is relatively low, therefore higher values of effective 
porosity were used in the sensitivity analysis.   

In the first run, the effective porosity was increased from 0.1 in the base-run to 0.15. In the 
second simulation, this ratio increased from 0.1 to 0.25.  Figure 5-12 shows the results using 
different values of effective porosity.  The results indicate that the higher effective porosity value 
was used, the lower the simulated TDS concentration.  In the run with an effective porosity of 
0.15, the simulated TDS concentration is 4,148 mg/L after 30 years. In the run with an effective 
porosity of 0.25, the simulated TDS concentration is 3,925 mg/L.  These results would be  



Figure 5-11: Sensitivity Analysis 2: Vertical Dispersivity
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Figure 5-12: Sensitivity Analysis 3: Effective Porosity
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expected since the higher the effective porosity, the slower the groundwater seepage velocity and 
thus a reduction in the advective solute transport.  

 5.6.4  Vertical Hydraulic Conductivity 

Model layer 6 represents a semi-confining unit (Middle Confining Unit) that directly underlies 
the proposed production zone in the model. The vertical hydraulic conductivity of this confining 
unit does not only have a strong impact on the long-term water quality changes by limiting 
upward migration of the water with higher TDS concentrations from deeper layers, but also has a 
direct impact on the drawdown corresponding to the proposed maximum pumpage rate of 23.33 
Mgd from the Upper Floridan Aquifer.  

The vertical hydraulic conductivity was 0.01 ft for the Middle Confining Unit. To assess the 
sensitivity of vertical hydraulic conductivity to the simulation results, different values were used 
in the sensitivity analysis. In one run, the value was increased from 0.01 ft/day used in the base 
run to 0.05 ft/day; in another run, the value was reduced from 0.01 used in the base run to 0.005 
ft/day. 

The simulation results, together with the result from the base run, are shown in Figure 5-13. As 
expected, the higher the vertical hydraulic conductivity for the Middle Confining Unit, the higher 
predicted TDS concentration, because the vertical hydraulic conductivity controls the vertical 
upward movement of groundwater in response to the proposed pumping in the Upper Floridan 
Aquifer.  When the value of vertical hydraulic conductivity of the Middle Confining Unit was 
reduced from 0.01 ft/day to 0.005 ft/day, the simulated TDS concentration was 3,712 mg/L after 
30 years of simulation, while the maximum drawdown increases to 117 ft at well TP-1.  It is 
clear that a lower value of the vertical hydraulic conductivity of the underlying confining unit 
will increase the drawdown in the production and reduce the upward migration of saltier water 
from the lower layers to the production zone so the TDS of mixed water will remain low.  When 
the value of vertical hydraulic conductivity increased from 0.01 ft/day to 0.05 ft/day, the 
simulated TDS concentration would increase significantly to 6,420 mg/L after 30 years of 
simulation.  It is clear that the simulation results are very sensitive to the value of vertical 
hydraulic conductivity. 

Figures 5-14 and 5-15 show that simulated drawdown, in feet, in the lower portion of the 
proposed production zone (model layer 5) resulting from the runs using vertical hydraulic 
conductivity values within model layer 6 of 0.005 ft/day and 0.05 ft/day, respectively. The 
maximum predicted drawdown for the run with a vertical hydraulic conductivity of 0.005 ft/day 
is 117 ft and the maximum predicted drawdown for the run with vertical hydraulic conductivity 
of 0.05 ft/day is 85 ft   

 5.6.5  Overall Prediction of Long-term Changes of TDS Concentration 

Figure 5-16 is a summary of all of the sensitivity simulation runs. The shaded area shown 
suggests the possible ranges of simulated TDS concentration based on the sensitivity analysis. As 
discussed earlier, among the parameters tested, the vertical hydraulic conductivity of the Middle 
Confining Unit has the most significant influence on the simulation results. Figure 5-17 shows 
the possible ranges of simulated chloride concentrations, based on the assumption that  



Figure 5-13: Sensitivity Analysis 4: Vertical Hydraulic Conductivity of MCU
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Figure 5-14: Simulated Drawdown (ft) in the Proposed Production

Zone after 30 Years with Vertical Hydraulic Conductivity

in Layer 6 Set at 0.005 ft/d(Run 7C)



Figure 5-15: Simulated Drawdown (ft) in the Proposed

Production Zone after 30 Years with Vertical Hydraulic Conductivity

in Layer 6 Set at 0.05 ft/d (Run 7D)



Figure 5-16:Simulated Ranges of TDS Concentration (Mg/L) vs. Time (Years)
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Figure 5-17:Simulated Ranges of Chloride Concentration (Mg/L) vs. Time (Years)
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chloride/TDS ratio is 47%, which was determined from the field data collected during field 
investigation at this site. 

It should be noted that the groundwater modeling is an iterative process (Anderson and 
Woessner, 1992). The prediction results presented here were based on the best available data and 
understanding of the geology and hydrogeology of the project site. This model should be updated 
and recalibrated when new data become available.  It is recommended that the model prediction 
be checked against the actual water quality changes approximately two years after the proposed 
RO plant is in operation.  
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Geologic Log of Test-Production Well TP-1 
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TABLE A-1.  Geological Log Well TP-1 
City of Hialeah Hydrogeologic Testing and Analyses 

Location:  SE ¼, NW ¼, Sec. 17, Township 52 South, Range 40 East 

Miami-Dade County, Florida 

Lat. 25º 55.451’, Long. 80º 22.196’ 

 
Depth      Lithology 
(ft bls)   
 
0 – 3 SAND, quartz, pale yellowish brown (10YR 8/2), fine, some silt, 

moderately well sorted, abundant debris-Styrofoam, roof tiles, pieces of 
wood, medium hydraulic conductivity. 

 
3 – 10 LIMESTONE, yellowish gray (5Y 7/1 to 5Y 8/1), wackestone to slightly 

sandy wackestone (with 10-15% quartz sand), moderately hard, some 
gastropod molds, medium to low moldic macroporosity; some 
wackestone/mudstone, hard, with low macroporosity. 

 
10 – 20 LIMESTONE, very pale orange to pale yellowish brown (10YR 7/2 to 

10YR 8/2), sandy wackestone to wackestone, variable quartz content – up 
to 30%, hard to very hard, low moldic and intergranular macroporosity. 

 
20 – 30 LIMESTONE, yellowish gray to light olive gray (5Y 7/1 to 5Y 8/1), 

fossiliferous wackestone/packstone, very hard, abundant rig chatter, 
abundant bivalve and gastropod molds, high to medium moldic 
macroporosity, some intraclasts, becoming slightly sandy and softer with 
depth. 

 
30 – 39 LIMESTONE, yellowish gray (5Y 8/1), sandy, fossiliferous wackestone, 

hard, external bivalve molds, low to medium moldic macroporosity, 
noticeably harder 32 feet bls. 

 
39 – 60 LIMESTONE/CALCAREOUS SANDSTONE, very pale yellowish brown 

(10YR 7/2), very sandy wackestone, bordering on calcareous sandstone, 
moderately hard –getting softer with depth, trace bivalve shell fragments, 
low intergranular macroporosity, drilling rate increasing through interval. 

 
60 – 90  LIMESTONE, very pale yellowish brown (10YR 7/2), very sandy 

wackestone, as above, except more bivalve shell fragments- 5-10%, 
barnacles quick rate of penetration, harder limestone from 63 – 66 feet bls. 

 
90 – 97 LIMESTONE, very pale yellowish brown (10YR 7/2), sandy fossiliferous 

wackestone, hard, less sandy than above, bivalve/gastropod molds, 
medium moldic macroporosity. 

 



Geological Log TP-1 
City of Hialeah Hydrogeologic Testing and Analyses 

 
Depth      Lithology 
(ft bls) 
 

2 

97 – 100 LIMESTONE, very pale yellowish brown (10YR 7/2), sandy 
wackestone/packstone, moderately hard, 15-20% shell fragments, other 
fossils include bryozoans, barnacles, high to medium moldic 
macroporosity. 

 
100 – 110 LIMESTONE, very light gray to light gray (N7 to N8), sandy fossiliferous 

packstone, moderately hard to soft, abundant aragonitic shell fragments 
and molds, medium to high moldic macroporosity. 

 
110 – 130 LIMESTONE, medium gray to medium light gray (N5 to N6) and yellowish 

gray (5Y 8/1), sandy, fossiliferous packstone, hard, fossils include 
bryozoans, bivalves, medium moldic and intergranular macroporosity. 

 
130 – 140 LIMESTONE, yellowish gray to light gray (5Y 7/1), wackestone/packstone, 

moderately hard to soft, bivalve fragments, low to medium macroporosity. 
 
140 – 174 LIMESTONE to CALCAREOUS SANDSTONE, light olive gray (5Y 6/1), 

very sandy wackestone to calcareous sandstone, moderately hard to soft, 
10-15% bivalve fragments, trace (<5%) very fine sand-size phosphate 
grains, low to medium moldic macroporosity. 

 
174 – 181 LIMESTONE to CALCAREOUS SANDSTONE (50%), as above. 
 CLAYEY SILT/CLAYEY, SILTY SAND (50%), light olive gray (5Y 6/1), 

very fine quartz sand, well sorted, slightly sticky, abundant bivalve 
fragments, very fine sand-size phosphate grains. 

 
181 – 201 SILT CLAY/CLAYEY SILT, pale olive (10Y 5/2), slightly sticky to stiff, 

well sorted, less abundant bivalve shell fragments than above, low 
permeability. 

 
201 – 212 CLAYEY SILT, pale olive (10Y 5/2), sandy –very fine quartz sand, well 

sorted, abundant silt-size phosphate grains, low permeability. 
 
212 – 225 CLAYEY, SANDY, PHOSPHORITIC SILT (60-70%), pale olive (10YR 

5/2), very sticky, cohesive (sticking to shaker screen), very fine to fine 
quartz sand, trace shell fragments (getting more numerous with depth), 
abundant very fine grained phosphate. 

 LIMESTONE (30-40%), interbedded with clayey silt, yellowish gray (5Y 
8/1), fossiliferous wackestone, hard, external bivalve molds, medium to 
low moldic macroporosity. 

 



Geological Log TP-1 
City of Hialeah Hydrogeologic Testing and Analyses 

 
Depth      Lithology 
(ft bls) 
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225 – 230 SAME AS ABOVE?  Lots of cement returns from drilling through cement 
plug at bottom of casing, drilling mud is extremely thick due to cement – 
taking a very long time to come up hole. 

 
230 – 240 SILTY CLAY, light olive gray (5Y 5/2), well sorted, some very fine grained 

quartz sand, few returns, mud extremely thick due to drilling through 
cement plug, will empty mud tank at kelly down (244 ft bls). 

 
240 – 250 SILTY SAND, light olive gray (5Y 5/2), minor clay, sticky, contains very 

fine grained quartz sand, moderately well sorted, 5-10% very fine to silt-
size phosphate, trace lithified siliceous mudstone, some coarse-sand size 
grains. 

 
250 – 260 SILTY SAND, as above, except slightly more phosphatic – 10-15%, also 

trace bivalve fragments and bone fragments. 
 
260 – 280 SILTY SAND, light olive gray (5Y 5/2), minor clay, phosphatic – similar to 

above, except no shell or fossil fragments; abundant cement returns in 
sample (from above). 

 
280 – 290 SILTY SAND, light olive gray (5Y 5/2), minor clay, very soft, plastic, 10% 

silt-size phosphate, mostly very fine grained quartz sand and silt. 
 
290 – 300 SILTY/CLAYEY SAND, light olive gray (5Y 5/2), stiffer than above, but 

still relatively soft, 10% silt-size phosphate grains, trace of 
mudstone/siltstone – soft, low macroporosity. 

 
300 – 310 SILTY/CLAYEY SAND, as above, except slightly more phosphatic (10-

15%). 
 
310 – 320 CLAYEY SILT, light olive gray (5Y 5/2), sticky – but pliable, cohesive, 

abundant fine sand, some siliceous mudstone/siltstone – moderately hard 
to soft, however, majority is unlithified sediments. 

 
320 – 330 SILTY SAND, light olive gray (5Y 5/2), less clay than above, less cohesive, 

very wet, phosphatic, minor siliceous mudstone/siltstone. 
 
330 – 340 CLAYEY, SILTY SAND, light olive gray (5Y 5/2), very fine quartz sand, 

phosphatic, 5% silty sandstone- coarse sand-size fragments - same 
composition as unlithified portion of sample, trace of bone fragments. 

 
340 – 350 CLAYEY, SILTY SAND, light olive gray (5Y 5/2), very fine grained quartz 

sand, 15-20% silt-size phosphate, well sorted. 
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Depth      Lithology 
(ft bls) 
 

4 

 
350 – 360 SANDY, CLAYEY SILT, light olive gray (5Y 5/2), more silt/clay than 

above, variable (5-15%) silt-size phosphate grains, <10% siliceous 
mudstone/siltstone, moderately hard. 

 
360 – 380 CLAYEY, SANDY SILT, light olive gray (5Y 5/2), slightly stiff, cohesive, 

5-10% silt-size phosphate, stiffer clay unit from 361-361.5, low 
permeability. 

 
380 – 390 CLAYEY, SANDY SILT, similar to above, except slightly stiffer and more 

cohesive than above. 
 
390 – 410 SILTY, SANDY CLAY, grayish olive (10Y 4/2), stiffer than above, more 

clay and less very fine quartz sand than above, 5% silt-size phosphate, low 
permeability. 

 
410 – 433 SANDY, SILTY CLAY, grayish olive (10Y 4/2), slightly more phosphatic 

than above (15% silt-size phosphate), also some more silty, sandy lenses, 
overall low permeability. 

 
433 – 446 SANDY, SILTY CLAY and LIMESTONE.  Sandy, silty clay, as above, 

interbedded with yellowish gray (5Y 8/1), sandy, fossiliferous 
wackestone, hard, medium moldic macroporosity. 

 
446 – 460 LIMESTONE (60-70%), similar to above, except slightly darker in color 

(pale light olive gray (5Y 7/1). 
 MARL (30-40%), pale grayish olive (10Y 6/2), phosphatic, silty and samdy, 

trace of white bivalve shell fragments, some poorly lithified mudstone, 
friable to moderately hard – same composition as marl, low intergranular 
macroporosity. 

 
460 – 469 CALCAREOUS SILTSTONE/SILTY LIMESTONE, light olive gray (5Y 

7/1), wackestone, phosphatic, moderately hard to soft, some hard – mostly 
associated with bivalve fragments, small pebble-size phosphate grains, 
medium moldic macroporosity. 

 
469 – 480 SILTY LIMESTONE/CALCAREOUS SILTSTONE, light olive gray (5Y 

7/1) to olive gray (5Y 6/1), silty wackestone, hard to very hard, bivalve 
shell fragments, low moldic macroporosity. 

 
480 – 490 CALCAREOUS SANDSTONE/SANDY LIMESTONE, light olive gray 

(5Y 7/1), sandy wackestone, moderately hard to soft, very similar to 
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Depth      Lithology 
(ft bls) 
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above, except higher moldic macroporosity, Also some medium dark gray 
(N4), limestone, very hard, low macroporosity. 

 
490 – 500 LIMESTONE, light olive gray (5Y 7/1), sandy wackestone, phosphatic, 

moderately hard to soft, medium moldic macroporosity. 
 
500 – 520 LIMESTONE, light olive gray (5Y 7/1), sandy wackestone, hard to 

moderately hard, phosphatic, few very hard layers, abundant bivalve 
fragments and molds (internal and external), medium moldic 
macroporosity.  Some light olive gray (5Y 6/1) siltstone/sandstone – 
moderately hard to soft, from above? 

 
520 – 540 LIMESTONE, light olive gray (5Y 7/1), fossiliferous 

wackestone/packstone, moderately hard, abundant bivalve molds - 
internal/external, casts, foraminifera, medium macroporosity. 

 
540 – 550 LIMESTONE, light olive gray (5Y 7/1), fossiliferous, sandy wackestone, 

moderately hard (softer than above), phosphatic, bivalve fragments, 
echinoderm fragments (urchin spine), medium moldic macroporosity. 

 
550 – 582 LIMESTONE, yellowish gray (5Y 8/1), sandy fossiliferous wackestone, 

mostly moderately hard, some hard, abundant external bivalve molds, less 
shell fragments than above, medium moldic macroporosity, trace of sandy 
marl, yellowish gray (5Y 8/1). 

 
582 – 593 LIMESTONE, yellowish gray (5Y 8/1), sandy fossiliferous wackestone, 

moderately hard to soft, rate of penetration has increased from previous 
interval, 5-10% silty to very fine sand-size phosphate, trace shell 
fragments, some internal/external bivalve molds, medium moldic and 
intergranular macroporosity. 

 
593 – 606 LIMESTONE, as above, however, faster rate of penetration. 
 
606 – 620 LIMESTONE, as above (582 – 593); Trace of sandy marl, light olive gray 

(5Y 7/1), soft, more prevalent below 615 ft bls. 
 
620 – 633 LIMESTONE, yellowish gray to light olive gray (5Y 7/1), silty phosphatic 

wackestone, moderately hard to soft, low to medium moldic 
macroporosity; trace marl, as above. 

 
633 – 640 LIMESTONE (60%), as above. 
 MARL, (40%), yellowish gray to light olive gray (5Y 7/1), sandy, 10-20% 

very fine sand to silt-size phosphate, slightly sticky. 
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(ft bls) 
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640 – 650 MARL (60%), as above. 
 LIMESTONE (40%), as above. 
 
650 – 660 LIMESTONE and MARL, interbedded, yellowish gray to light olive gray 

(5Y 7/1), limestone- wackestone, moderately hard to soft, as above; marl-
sandy, phosphatic, more stiff than above. 

 
660 – 670 LIMESTONE with MARL, yellowish gray to light olive gray (5Y 7/1), 

interbedded; Limestone – silty wackestone, very fine grained, moderately 
hard to soft, phosphatic, low to medium moldic macroporosity.  Marl – 
silty, 5% very fine grained phosphate, sticky, cohesive, low permeability. 

 
670 – 690 MARL with LIMESTONE, interbedded. Marl, yellowish gray to light olive 

gray (5Y 7/1), stiff to sticky, 5% very fine sand-size phosphate, low 
permeability.  Limestone, yellowish gray (5Y 8/2) and lighter, very fine-
grained wackestone, silty, 5-10% very fine sand-size phosphate, 
moderately hard to soft, low to medium moldic macroporosity. 

 
690 – 700 MARL with LIMESTONE, interbedded, yellowish gray (5Y 7/2); marl – 

sticky, 5-10% phosphate; Limestone, as above. 
 
700 – 720 LIMESTONE with MARL, yellowish gray (5Y 7/2), limestone-wackestone, 

sandy, <5% shell fragments, medium moldic macroporosity, <5% 
phosphate grains.  Marl, as above. 

 
720 – 740 LIMESTONE with MARL, similar to above, except more limestone and 

less marl.  Also trace of sandy, fossiliferous packestone with a medium 
moldic macroporosity. 

 
740 – 750 LIMESTONE, yellowish gray (5Y 7/2), sandy wackestone/packstone, 

moderately hard, medium moldic macroporosity; trace marl – from above? 
 
750 – 760  LIMESTONE, yellowish gray (5Y 7/2), sandy wackestone to packed 

wackestone, similar to above, except harder—moderately hard to hard, 
trace of marl – from above? 

 
760 – 770 LIMESTONE with MARL; Limestone – sandy wackestone to packed 

wackestone, as above, except slightly softer – moderately hard, also trace 
of shell fragments; Marl – yellowish gray (5Y 7/2), sticky, 5-10% 
phosphate grains. 
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770 – 785 MARL with minor LIMESTONE, yellowish gray (5Y 7/2), sticky, as above, 
slow drilling; limestone, as above. 

 
785 – 810 MARL (80%), yellowish gray (5Y 7/2), as above.   
 LIMESTONE (20%), sandy wackestone, very fine grained allochems, 

moderately hard to hard, slightly phosphatic, low to medium moldic 
macroporosity.   

 
810 – 824 MARL (75-80%), yellowish gray (5Y 7/2), as above, sandy, sticky, 

phosphatic.  
 LIMESTONE (15-20%), as above. 
 
824 – 837 LIMESTONE with MARL, limestone- yellowish gray (5Y 7/2), sandy, 

fossiliferous wackestone, slightly phosphatic, medium moldic 
macroporosity; marl – as above. 

 
837 – 889 LIMESTONE, yellowish gray (5Y 8/1), wackestone, moderately hard to 

hard, <5% shell fragments, minor bivalve and gastropod molds/casts, 
medium to low moldic macroporosity, trace of clay/marl (YG 5Y 7/1). 

 
889 – 896 MARL, yellowish gray to light olive gray (5Y 7/1), sticky, low 

permeability. 
 
896 – 899 LIMESTONE, yellowish gray (5Y 8/1), wackestone, moderately hard to 

hard, <5% shell fragments, minor bivalve and gastropod molds/casts, 
medium to low moldic macroporosity, trace of clay/marl (YG 5Y 7/1). 

 
899 – 915 MARL (>95%), yellowish gray (5Y 7/2), slightly sandy (5%) quartz sand, 

<5% silt-size phosphate grains, sticky, but getting stiffer and more 
cohesive with depth. 

 Limestone (<5%), as above. 
 
915 – 919  LIMESTONE, white to light gray (N8 to N9), fossiliferous wackestone, 

very hard, medium moldic macroporosity. 
 
919 – 940 MARL/CLAY and LIMESTONE, roughly equal percentages.  Limestone, 

as above.  Clay/marl, yellowish gray (5Y 7/2), slightly sandy, trace of 
bivalve shell fragments, sticky, cohesive. 

 
940 – 950 LIMESTONE (70%), white to light gray (N7 to N9), wackestone, 

moderately hard to hard, abundant bivalve molds and shell fragments.   
 Clay (30%), marly, as above. 
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950 – 960 LIMESTONE, as above.  Also some yellowish gray (5Y 7/2) fossiliferous 
wackestone, hard to moderately hard, with a trace of phosphate silt (<3%), 
low moldic macroporosity.  Trace of clay, as above, 15-25% bivalve shell 
fragments. 

 
960 – 970 CLAY (80-90%), yellowish gray (5Y 7/2) and (5Y 5/2), sticky, 5-10% silt-

size phosphate, shell fragments. 
 LIMESTONE (10-20%), as above. 
 
970 – 980 CLAY (80%), yellowish gray to light olive gray (5Y 6/2), 10-15% silt-size 

phosphate, sticky to stiff.  
 Limestone (20%), yellowish gray (5Y 8/1) and light gray (N8), fossiliferous 

wackestone/packstone, moderately hard, medium moldic macroporosity. 
 
980 – 990 CLAY (90-95%), yellowish gray (5Y 7/2) and light olive gray (5Y 5/2), 

stiff, very plastic, contains shell fragments, silt-size phosphate.  Clay is 
becoming more yellowish gray with depth (5Y 7/2) and not quite as stiff 
(still pretty stiff though).  LIMESTONE (5-10%), as above. 

 
990 – 1000 CLAY (>95%), light olive gray (5Y 5/2) and yellowish gray (5Y 7/2), as 

above.  
 LIMESTONE (<5%), as above. 
 
1000 – 1020 CLAY, light olive gray (5Y 6/2), very sticky.  Trace of limestone (1-2%), 

yellowish gray (5Y 7/2), slightly sandy fossiliferous wackestone, medium 
moldic macroporosity. 

 
1020 – 1044 CLAY, as above, but <1% limestone (>99% clay). 
 
1044 – 1050 LIMESTONE with SHELL BED (?), white (N9) to yellowish gray (5Y 8/1), 

fossiliferous wackestone to sandy molluscan wackestone. Very hard to 
hard, yellowish gray limestone is shelly, medium moldic macroporosity; 
interval contains 30 – 40% loose shell fragments. 

 
1050 – 1060 LIMESTONE with SHELL, as above. 
 
1060 – 1070 CLAY (60%), yellowish gray (5Y 7/2 to 5Y 6/2), stiff, locking up bit teeth. 
 LIMESTONE (40%), white to light gray (N9 to N8), fossiliferous 

wackestone, moderately hard, medium moldic macroporosity. 
 
1070 – 1080 CLAY (75%), pale greenish gray to pale olive (10Y 7/2), stiff, abundant 

shell fragments. 
 LIMESTONE (25%), as above. 
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1080 – 1085 LIMESTONE (60%), as above. 
 CLAY (40%), as above. 
 
1085 – 1095 LIMESTONE, light gray (N7 and yellowish gray (5Y 8/1), moderately hard, 

medium to high macroporosity, 5% fine phosphate grains. 
 
1095 – 1100 LIMESTONE, very pale orange (10YR 8/2), soft, medium macroporosity, 

5% phosphate fine grains. 
 
1100 – 1105 LIMESTONE, yellowish gray (5Y 8/1), hard, high macroporosity. 
 
1105 – 1110 LIMESTONE, very pale orange, soft, medium macroporosity. 
 
1110 – 1115 LIMESTONE, pale yellowish brown (10YR 6/2), hard, high macroporosity. 
 
1115 – 1122 LIMESTONE, very pale orange to pale yellowish brown (10YR 7/2), hard 

at top, soft in middle, moderately hard at bottom, high macroporosity, 
gastropod molds. 

 
1122 – 1130 LIMESTONE, yellowish gray and light gray at top (5Y 8/1), grayish orange 

in middle (10YR 7/4), very pale orange at bottom (10YR 8/2), moderately 
hard to hard, high macroporosity, 3% phosphate fine grains. 

 
1130 – 1143 LIMESTONE, dark greenish gray to 1135 (5GY 4/1), pale yellowish brown 

(10YR 6/2) to 1143, dolomitic. 
 
1143 – 1148 LIMESTONE, matrix is medium light gray (N6) and grains are yellowish 

gray (5Y 8/10), hard, medium macroporosity, gastropod molds. 
 
1148 – 1176 LIMESTONE, very pale orange (10YR 8/2), moderately hard, medium 

vuggy macroporosity, gastropod molds, crystalline bryzoan stems. 
 
1176 – 1177 LIMESTONE, very pale orange (10YR 8/2), moderately hard, medium 

vuggy macroporosity, gastropod molds, crystalline bryzoan stems, 
abundant echinoids. 

 
1177 – 1192 LIMESTONE, very pale orange (10YR 8/2), moderately hard, medium 

macroporosity, echinoids, foraminifera, bryzoan stems. 
 
1192 – 1208 LIMESTONE, matrix is light gray (N7) and grains are yellowish gray 

(5Y8/1), moderately hard, medium macroporosity, echinoids and bryzoan 
stems. 
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1208 – 1259 LIMESTONE, yellowish gray (5y 8/1), moderately hard to hard, medium to 

high macroporosity, echinoids, foraminifera. 
 
1259 – 1270 LIMESTONE yellowish gray (5Y 8/1), soft to moderately hard, medium 

macroporosity, echinoids. 
 
1270 – 1290 LIMESTONE (50%), grayish orange (10YR 7/4), soft, medium 

macroporosity, echinoids, foraminifera. 
 LIMESTONE (50%), very pale orange (10YR 8/2), soft, medium 

macroporosity, foraminifera. 
 
1290 – 1300 LIMESTONE (60%), grayish orange, as above. 
 LIMESTONE (40%), very pale orange, as above. 
 
1300 – 1306 LIMESTONE, yellowish gray (5Y 8/1) and grayish orange (10YR 7/4), 

moderately hard, hard lense at 1306, medium macroporosity, low 
macroporosity at lense. 

 
1306 – 1331 LIMESTONE, grayish orange (10YR 7/4), soft to moderately hard, medium 

macroporosity, echinoids, foraminifera, coral. 
 
1331 – 1336 LIMESTONE, grayish orange (10YR 7/4), soft, medium macroporosity, 

echinoids, foraminifera. 
 
1336 – 1337 LIMESTONE, grayish orange (10YR 7/4) and yellowish gray (5Y 8/1), 

moderately hard to hard, medium macroporosity, foraminifera. 
 
1337 – 1362 LIMESTONE, grayish orange (10YR 7/4), soft, medium macroporosity, 

echinoids, foraminifera. 
 
1362 – 1377 LIMESTONE, grayish orange (10YR 7/4), soft, medium macroporosity. 
 
1377 – 1382 LIMESTONE, moderate orange pink (5YR 8/4), hard, high moldic 

macroporosity. 
 
1382 – 1393 LIMESTONE, grayish orange (10YR 7/4) and moderate orange pink (5YR 

8/4), hard, high moldic macroporosity. 
 
1393 – 1422 LIMESTONE, grayish orange (10YR 7/4), soft with hard lense at 1403, 

medium macroporosity, echinoids, mollusks molds. 
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1422 – 1453 LIMESTONE, grayish orange (10YR 7/4), soft with hard lense at 1439, 
medium macroporosity, echinoids, mollusks molds. 

 
1453 – 1482 LIMESTONE, grayish orange (10YR 7/4), soft and friable, medium 

macroporosity, foraminifera, coral. 
 
1482 – 1484 LIMESTONE, very pale orange (10YR 8/2), moderately hard to hard, 

medium macroporosity. 
 
1484 – 1485 LIMESTONE, very pale orange (10YR 8/2), moderately hard, medium 

macroporosity. 
 
1485 – 1486 LIMESTONE, grayish orange (10YR 7/4), soft, medium macroporosity. 
 
1486 – 1510 LIMESTONE, very pale orange (10Y 8/2), hard, high vuggy macroporosity, 

appears to be a substantial water source. 
 
1510 – 1515 LIMESTONE, grayish orange (10YR 7/4), soft, medium macroporosity. 
 
1515 – 1547  LIMESTONE, very pale orange (10YR 8/2) and grayish orange (10YR 

7/4), soft, moderately high macroporosity, foraminifera. 
 
1547 – 1562 LIMESTONE, grayish orange (10YR7/4), soft, medium macroporosity, 

foraminifera. 
 
1562 – 1578 LIMESTONE, very pale orange (10YR 8/2), soft and hard, medium 

macroporosity. 
 
1578 – 1603 LIMESTONE, very pale orange (10YR 8/2) and grayish orange (10YR 7/4), 

soft with hard lense at 1592, medium macroporosity. 
 
1603 – 1608 LIMESTONE, very pale orange (10YR 8/2) and medium light gray (N6), 

moderately hard to hard, medium macroporosity. 
 
1608 – 1626 LIMESTONE, grayish orange (10YR 7/4), soft to moderately hard, medium 

macroporosity. 
 
1626 – 1635 LIMESTONE, very pale orange (10YR 8/2) and grayish orange (10YR 7/4), 

hard, low macroporosity. 
 
1635 – 1640 Dolomitic LIMESTONE, dark gray (N3) and grayish orange (10YR 7/4), 

hard, medium macroporosity. 
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1640 – 1652 LIMESTONE, grayish orange (10YR 7/4), soft, medium macroporosity. 
 
1652 – 1657 LIMESTONE, gray black (N2) to med dark gray (N4), moderately hard, 

medium macroporosity, banded phosphate. 
 
1657 – 1666 LIMESTONE, light olive gray (5Y 5/2) and yellowish gray (5Y 7/2), soft, 

medium macroporosity. 
 
1666 – 1671 LIMESTONE, very pale orange (10YR 8/2) and dusky yellowish gray (5Y 

6/4), hard, low to medium macroporosity. 
 
1671 – 1673 LIMESTONE, very pale orange (10YR 8/2) and grayish orange (10YR 7/4), 

moderately hard, medium macroporosity. 
 
1673 – 1676 LIMESTONE, very pale orange (10YR 8/2), yellowish gray (5Y 8/1), and 

medium light gray (N6), hard, high vuggy macroporosity. 
 
1676 – 1680 LIMESTONE, grayish orange (10YR 7/4), soft, medium macroporosity. 
 
1680 – 1681 LIMESTONE, pale yellowish brown (10YR 6/2), hard, low macroporosity. 
 
1681 – 1684 LIMESTONE with interbedded CLAY 
 LIMESTONE (70%), light brownish gray (5YR 6/1), soft, medium 

macroporosity 
 CLAY (30%), light brownish gray (5YR 6/1) to yellowish gray (5Y 7/2), 

stiff, banded. 
 
1684 – 1688 LIMESTONE, grayish orange (10YR 7/4), soft, low to medium 

macroporosity. 
 
1688 – 1693 Dolomitic LIMESTONE, dark gray (N3) to light gray (N7), hard, medium 

macroporosity. 
 
1693 – 1700 LIMESTONE, grayish orange (10YR 7/4), soft, moderately high 

macroporosity. 
 
1700 – 1701 Dolomitic LIMESTONE, dark gray (N3) to light gray (N7), hard, 

moderately high macroporosity. 
 
1701 – 1710 LIMESTONE, very pale orange (10YR 8/2), pale yellowish brown (10YR 

6/2), and medium light gray (N6), soft to hard, medium macroporosity 
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1710 – 1711 LIMESTONE, medium gray (N5) and yellowish gray (5Y 8/1), hard, cherty 
low vuggy macroporosity. 

 
1711 – 1715 LIMESTONE, very pale orange (10YR 8/2) to white (N9), hard, moderately 

high to high moldic and vuggy macroporosity, high yield water bearing 
source. 

 
1715 – 1718 LIMESTONE, very pale orange (10YR 8/2), hard, medium macroporosity. 
 
1718 – 1730 LIMESTONE, grayish orange (10YR 7/4) and medium gray (N5), hard, 

medium macroporosity. 
 
1730 – 1733 LIMESTONE, very pale orange (10YR 8/2) and grayish orange (10YR 7/4), 

soft to moderately hard, medium macroporosity. 
 
Note:  pilot hole was back filled with neat cement to 1489 ft bls before being reamed with 

a 15 inch bit to 1490 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix B 
 

Water Quality Laboratory Reports 



Analytical Report  337158

for

Schlumberger Water Services

Project Manager: Scott Manahan

City of Hialeah

17-JUL-09

10200 USA Today Way, Miramar, FL 33025   
Ph:(305) 823-8500   Fax:(305) 823-8555

Xenco-Houston (EPA Lab code: TX00122):
Texas (T104704215-08-TX), Arizona (AZ0738), Arkansas (08-039-0), Connecticut (PH-0102), Florida (E871002)

Illinois (002082), Indiana (C-TX-02), Iowa (392), Kansas (E-10380), Kentucky (45), Louisiana (03054)
New Hampshire (297408), New Jersey (TX007), New York (11763), Oklahoma (9218), Pennsylvania (68-03610)

Rhode Island (LAO00308), USDA (S-44102)

Xenco-Atlanta (EPA Lab Code: GA00046):
Florida (E87428), North Carolina (483), South Carolina (98015), Utah (AALI1), West Virginia (362), Kentucky (85)

Louisiana (04176), USDA (P330-07-00105)

Xenco-Miami (EPA Lab code: FL01152):  Florida (E86678), Maryland (330)

Xenco-Miramar (EPA Lab code: FL01246): Florida (E86349)

Xenco-Tampa Mobile (EPA Lab code: FL01212):  Florida (E84900)

Xenco-Odessa (EPA Lab code: TX00158):  Texas (T104704400-08-TX)

Xenco-Dallas (EPA Lab code: TX01468):  Texas (T104704295-08-TX)

Xenco-Corpus Christi (EPA Lab code: TX02613): Texas (T104704370-08-TX)

Houston - Dallas - San Antonio - Tampa - Miami - Midland - Corpus Christi - Atlanta - Latin America
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Houston - Dallas - San Antonio - Austin - Tampa - Miami - Atlanta - Corpus Christi - Latin America

Recipient of the Prestigious Small Business Administration Award of Excellence in 1994.
Certified and approved by numerous States and Agencies.

A Small Business and Minority Status Company that delivers SERVICE and QUALITY

Project Manager: Scott Manahan 
Schlumberger Water Services
1567 Hayler Lane, Suite 202
Fort Myers, FL 33907  
 
Reference:  XENCO Report No: 337158 
                  City of Hialeah 
                  Project Address:  

Scott Manahan:

We are reporting to you the results of the analyses performed on the samples received under the project name
referenced above and identified with the XENCO Report Number  337158. All results being reported under
this Report Number apply to the samples analyzed and properly identified with a Laboratory ID number.
Subcontracted analyses are identified in this report with either the NELAC certification number of the
subcontract lab in the analyst ID field, or the complete subcontracted report attached to this report.

Unless otherwise noted in a Case Narrative, all data reported in this Analytical Report are in compliance with
NELAC standards.  Estimation of data uncertainty for this report is found in the quality control section of this
report unless otherwise noted. Should insufficient sample be provided to the laboratory to meet the method
and NELAC Matrix Duplicate and Matrix Spike requirements, then the data will be analyzed, evaluated and
reported using all other available quality control measures.

The validity and integrity of this report will remain intact as long as it is accompanied by this letter and
reproduced in full, unless written approval is granted by XENCO Laboratories.  This report will be filed for at
least 5 years in our archives after which time it will be destroyed without further notice, unless otherwise
arranged with you.  The samples received, and described as recorded in Report No. 337158 will be filed for
60 days, and after that time they will be properly disposed without further notice, unless otherwise arranged
with you.  We reserve the right to return to you any unused samples, extracts or solutions related to them if we
consider so necessary (e.g., samples identified as hazardous waste, sample sizes exceeding analytical standard
practices, controlled substances under regulated protocols, etc).

We thank you for selecting XENCO Laboratories to serve your analytical needs.  If you have any questions
concerning this report, please feel free to contact us at any time.

Respectfully,

17-JUL-09

Technical Director

Tom Helton
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Sample Cross Reference 337158
Schlumberger Water Services,  Fort Myers, FL

City of Hialeah

 Sample Id

TP-1 23 hrs
TP-1 42 hrs
TP-1
TP-1
TP-1 Z
TP-1 Z

Jul-01-09 19:00 
Jul-02-09 14:00 
Jul-03-09 13:45 
Jul-04-09 11:45 
Jul-05-09 14:00 
Jul-05-09 14:00 

Date Collected Lab Sample Id

337158-001
337158-002
337158-003
337158-004
337158-005
337158-006

  
  
  
  
  
  

Sample Depth

W
W
W
W
W
W

Matrix 
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Certificate of Analytical Results 337158

Project: Florida Standard List of Methods

Schlumberger Water Services,  Fort Myers, FL
City of Hialeah

1.032Version:

Jul-06-09 11:15 Date Received:

% Moisture:
Jul-01-09 19:00 Date Collected: 337158-001Lab Sample Id:
WATERMatrix: TP-1 23 hrs Sample Id:

Hardness, Total by SM2340B  

Inorganic Anions by EPA 300  

Analytical Method:

Analytical Method:

Jul-09-09 10:46 

Jul-07-09 13:38 

Date Analyzed: 

Date Analyzed: 

ARP

NIB

Analyst:

Analyst:

Prep Method: 

Prep Method: 

Date Prep: 

Date Prep: 

ARP

NIB

Tech: 

Tech: 

Hardness (CaCO3)  

Chloride   

Parameter

Parameter

0.500  

2.58  

Result

Result

0.500  

10.5  

Flag

Flag

mg/L

mg/L

Units

Units

1

25

Dil

Dil

Cas Number

Cas Number

471-34-1

16887-00-6

1010 

2410 

764893

764833

Seq Number:

Seq Number:

PQL

PQL

MDL

MDL
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Certificate of Analytical Results 337158

Project: Florida Standard List of Methods

Schlumberger Water Services,  Fort Myers, FL
City of Hialeah

1.032Version:

Jul-06-09 11:15 Date Received:

% Moisture:
Jul-02-09 14:00 Date Collected: 337158-002Lab Sample Id:
WATERMatrix: TP-1 42 hrs Sample Id:

Hardness, Total by SM2340B  

Inorganic Anions by EPA 300  

Analytical Method:

Analytical Method:

Jul-09-09 10:46 

Jul-07-09 13:38 

Date Analyzed: 

Date Analyzed: 

ARP

NIB

Analyst:

Analyst:

Prep Method: 

Prep Method: 

Date Prep: 

Date Prep: 

ARP

NIB

Tech: 

Tech: 

Hardness (CaCO3)  

Chloride   

Parameter

Parameter

0.500  

2.58  

Result

Result

0.500  

10.5  

Flag

Flag

mg/L

mg/L

Units

Units

1

25

Dil

Dil

Cas Number

Cas Number

471-34-1

16887-00-6

992 

2390 

764893

764833

Seq Number:

Seq Number:

PQL

PQL

MDL

MDL
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Certificate of Analytical Results 337158

Project: Florida Standard List of Methods

Schlumberger Water Services,  Fort Myers, FL
City of Hialeah

1.032Version:

Jul-06-09 11:15 Date Received:

% Moisture:
Jul-03-09 13:45 Date Collected: 337158-003Lab Sample Id:
WATERMatrix: TP-1 Sample Id:

Hardness, Total by SM2340B  

Inorganic Anions by EPA 300  

Analytical Method:

Analytical Method:

Jul-09-09 10:46 

Jul-07-09 13:38 

Date Analyzed: 

Date Analyzed: 

ARP

NIB

Analyst:

Analyst:

Prep Method: 

Prep Method: 

Date Prep: 

Date Prep: 

ARP

NIB

Tech: 

Tech: 

Hardness (CaCO3)  

Chloride   

Parameter

Parameter

0.500  

2.58  

Result

Result

0.500  

10.5  

Flag

Flag

mg/L

mg/L

Units

Units

1

25

Dil

Dil

Cas Number

Cas Number

471-34-1

16887-00-6

946 

2390 

764893

764833

Seq Number:

Seq Number:

PQL

PQL

MDL

MDL
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Certificate of Analytical Results 337158

Project: Florida Standard List of Methods

Schlumberger Water Services,  Fort Myers, FL
City of Hialeah

1.032Version:

Jul-06-09 11:15 Date Received:

% Moisture:
Jul-04-09 11:45 Date Collected: 337158-004Lab Sample Id:
WATERMatrix: TP-1 Sample Id:

Hardness, Total by SM2340B  

Inorganic Anions by EPA 300  

Analytical Method:

Analytical Method:

Jul-09-09 10:46 

Jul-07-09 13:38 

Date Analyzed: 

Date Analyzed: 

ARP

NIB

Analyst:

Analyst:

Prep Method: 

Prep Method: 

Date Prep: 

Date Prep: 

ARP

NIB

Tech: 

Tech: 

Hardness (CaCO3)  

Chloride   

Parameter

Parameter

0.500  

2.58  

Result

Result

0.500  

10.5  

Flag

Flag

mg/L

mg/L

Units

Units

1

25

Dil

Dil

Cas Number

Cas Number

471-34-1

16887-00-6

884 

2300 

764893

764833

Seq Number:

Seq Number:

PQL

PQL

MDL

MDL
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Certificate of Analytical Results 337158

Project: Florida Standard List of Methods

Schlumberger Water Services,  Fort Myers, FL
City of Hialeah

1.032Version:

Jul-06-09 11:15 Date Received:

% Moisture:
Jul-05-09 14:00 Date Collected: 337158-005Lab Sample Id:
WATERMatrix: TP-1 Z Sample Id:

Hardness, Total by SM2340B  

Inorganic Anions by EPA 300  

Analytical Method:

Analytical Method:

Jul-09-09 10:46 

Jul-07-09 13:38 

Date Analyzed: 

Date Analyzed: 

ARP

NIB

Analyst:

Analyst:

Prep Method: 

Prep Method: 

Date Prep: 

Date Prep: 

ARP

NIB

Tech: 

Tech: 

Hardness (CaCO3)  

Chloride   

Parameter

Parameter

0.500  

2.58  

Result

Result

0.500  

10.5  

Flag

Flag

mg/L

mg/L

Units

Units

1

25

Dil

Dil

Cas Number

Cas Number

471-34-1

16887-00-6

980 

2410 

764893

764833

Seq Number:

Seq Number:

PQL

PQL

MDL

MDL
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Certificate of Analytical Results 337158

Project: Florida Standard List of Methods

Schlumberger Water Services,  Fort Myers, FL
City of Hialeah

1.032Version:

Jul-06-09 11:15 Date Received:

% Moisture:
Jul-05-09 14:00 Date Collected: 337158-006Lab Sample Id:
WATERMatrix: TP-1 Z Sample Id:

Alkalinity by SM2320B  

Color by SM2120B  

DOC by SM5310  

Hardness, Total by SM2340B  

Inorganic Anions by EPA 300  

Analytical Method:

Analytical Method:

Analytical Method:

Analytical Method:

Analytical Method:

Jul-07-09 11:00 

Jul-06-09 14:55 

Jul-09-09 01:28 

Jul-09-09 10:46 

Jul-07-09 13:38 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

OLA

MSH

MAB

ARP

NIB

Analyst:

Analyst:

Analyst:

Analyst:

Analyst:

Prep Method: 

Prep Method: 

Prep Method: 

Prep Method: 

Prep Method: 

Date Prep: 

Date Prep: 

Date Prep: 

Date Prep: 

Date Prep: 

OLA

MSH

MAB

ARP

NIB

Tech: 

Tech: 

Tech: 

Tech: 

Tech: 

Alkalinity, Total (as CaCO3)   

Color  

Dissolved Organic Carbon   

Hardness (CaCO3)  

Fluoride  
Chloride   
Nitrite as N  
Nitrate as N  
Ortho-Phosphate   
Sulfate  

Parameter

Parameter

Parameter

Parameter

Parameter

2.17  

0.50  

0.548  

0.500  

0.183  
5.15  

0.197  
0.132  
0.050  
0.277  

Result

Result

Result

Result

Result

U
U
U

8.68  

1.0  

0.500  

0.500  

0.740  
21.0  

0.800  
0.540  
0.200  
1.15  

Flag

Flag

Flag

Flag

Flag

mg/L

CU

mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Units

Units

Units

Units

Units

1

1

1

1

2
50
2
2
2
5

Dil

Dil

Dil

Dil

Dil

Cas Number

Cas Number

Cas Number

Cas Number

Cas Number

7440-44-0

471-34-1

16984-48-8
16887-00-6
7727-37-9
7727-37-9
7723-14-0
14808-79-8

132 

10 

2.47 

937 

0.744 
2310 

U 
U 
U 

260 

764635

764534

764878

764893

764833

Seq Number:

Seq Number:

Seq Number:

Seq Number:

Seq Number:

PQL

PQL

PQL

PQL

PQL

MDL

MDL

MDL

MDL

MDL
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Certificate of Analytical Results 337158

Project: Florida Standard List of Methods

Schlumberger Water Services,  Fort Myers, FL
City of Hialeah

1.032Version:

Jul-06-09 11:15 Date Received:

% Moisture:
Jul-05-09 14:00 Date Collected: 337158-006Lab Sample Id:
WATERMatrix: TP-1 Z Sample Id:

Metals per  ICP-MS by SW 6020A  

Metals, Total by SW846 6010B  

Nitrogen Ammonia by EPA 350.1  

Phosphorus, Total  (Automated) by EPA 365.4  

Silica by SM4500-SiO2  

Analytical Method:

Analytical Method:

Analytical Method:

Analytical Method:

Analytical Method:

Jul-08-09 03:42 

Jul-08-09 12:39 

Jul-07-09 10:35 

Jul-08-09 11:40 

Jul-09-09 11:58 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

ARP

4150

SHH

MSH

9999

Analyst:

Analyst:

Analyst:

Analyst:

Analyst:

SW3010A

SW3010A

Prep Method: 

Prep Method: 

Prep Method: 

Prep Method: 

Prep Method: 

Jul-07-09 09:00 

Jul-07-09 12:32 

Date Prep: 

Date Prep: 

Date Prep: 

Date Prep: 

Date Prep: 

RWA

4150

YAD

MSH

9999

Tech: 

Tech: 

Tech: 

Tech: 

Tech: 

Barium  
Calcium  
Potassium  
Sodium  
Strontium  

Iron  
Manganese  

Nitrogen, Ammonia (as N)  

Total  Phosphorus (as P)  

Silica  

Parameter

Parameter

Parameter

Parameter

Parameter

0.002  
2.50  

0.170  
12.5  

0.001  

0.021  
0.001  

0.020  

0.037  

0.010  

Result

Result

Result

Result

Result

D

D

U
U

U

0.010  
10.0  

0.500  
25.0  

0.005  

0.100  
0.050  

0.100  

0.100  

0.660  

Flag

Flag

Flag

Flag

Flag

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L

mg/L

mg/L

mg/L

Units

Units

Units

Units

Units

1
50
1
50
1

1
1

1

1

1

Dil

Dil

Dil

Dil

Dil

Cas Number

Cas Number

Cas Number

Cas Number

Cas Number

7440-39-3
7440-70-2
7440-09-7
7440-23-5
7440-24-6

7439-89-6
7439-96-5

7664-41-7

7723-14-0

7631-86-9

0.017 
128 
37.1 
1010 
12.4 

U 
U 

0.172 

U 

10.9 

764731

764783

764669

764826

765498

Seq Number:

Seq Number:

Seq Number:

Seq Number:

Seq Number:

PQL

PQL

PQL

PQL

PQL

MDL

MDL

MDL

MDL

MDL
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Certificate of Analytical Results 337158

Project: Florida Standard List of Methods

Schlumberger Water Services,  Fort Myers, FL
City of Hialeah

1.032Version:

Jul-06-09 11:15 Date Received:

% Moisture:
Jul-05-09 14:00 Date Collected: 337158-006Lab Sample Id:
WATERMatrix: TP-1 Z Sample Id:

Specific Conductance by EPA 120.1  

Sulfide by SM4500-S-F  

TDS by SM2540C  

TOC by SM 5310C  

Temperature by EPA 170.1  

Turbidity by EPA 180.1  

Analytical Method:

Analytical Method:

Analytical Method:

Analytical Method:

Analytical Method:

Analytical Method:

Jul-07-09 09:25 

Jul-07-09 11:30 

Jul-07-09 13:00 

Jul-08-09 22:06 

Jul-06-09 14:30 

Jul-06-09 14:30 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

Date Analyzed: 

MSH

OLA

YAD

MAB

MSH

MSH

Analyst:

Analyst:

Analyst:

Analyst:

Analyst:

Analyst:

Prep Method: 

Prep Method: 

Prep Method: 

Prep Method: 

Prep Method: 

Prep Method: 

Date Prep: 

Date Prep: 

Date Prep: 

Date Prep: 

Date Prep: 

Date Prep: 

MSH

OLA

YAD

MAB

MSH

MSH

Tech: 

Tech: 

Tech: 

Tech: 

Tech: 

Tech: 

Conductivity  

Sulfide, total  

Total dissolved solids  

Total Organic Carbon  

Temperature  

Turbidity  

Parameter

Parameter

Parameter

Parameter

Parameter

Parameter

10.0  

1.00  

5.00  

0.210  

1.00  

0.100  

Result

Result

Result

Result

Result

Result

I

50.0  

5.00  

5.00  

0.500  

5.00  

1.00  

Flag

Flag

Flag

Flag

Flag

Flag

uS/cm

mg/L

mg/L

mg/L

Deg C

NTU

Units

Units

Units

Units

Units

Units

1

1

1

1

1

1

Dil

Dil

Dil

Dil

Dil

Dil

Cas Number

Cas Number

Cas Number

Cas Number

Cas Number

Cas Number

105-05-2

TDS

7440-44-0

5670 

2.40 

4850 

1.31 

25.0 

1.21 

764582

764640

764766

764872

764535

764535

Seq Number:

Seq Number:

Seq Number:

Seq Number:

Seq Number:

Seq Number:

PQL

PQL

PQL

PQL

PQL

PQL

MDL

MDL

MDL

MDL

MDL

MDL
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Certificate of Analytical Results 337158

Project: Florida Standard List of Methods

Schlumberger Water Services,  Fort Myers, FL
City of Hialeah

1.032Version:

Jul-06-09 11:15 Date Received:

% Moisture:
Jul-05-09 14:00 Date Collected: 337158-006Lab Sample Id:
WATERMatrix: TP-1 Z Sample Id:

UV254 by SM20 5910B  

pH by SM4500-H  

Analytical Method:

Analytical Method:

Jul-09-09 14:00 

Jul-06-09 13:30 

Date Analyzed: 

Date Analyzed: 

9999

MSH

Analyst:

Analyst:

Prep Method: 

Prep Method: 

Date Prep: 

Date Prep: 

9999

MSH

Tech: 

Tech: 

Absorbance  

pH  

Parameter

Parameter

0.001  

1.00  

Result

Result

0.001  

  

Flag

Flag

/cm

SU

Units

Units

1

1

Dil

Dil

Cas Number

Cas Number
PH

0.030 

7.61 

765497

764568

Seq Number:

Seq Number:

PQL

PQL

MDL

MDL
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Flagging Criteria

Houston - Dallas - San Antonio - Austin - Tampa - Miami - Latin America

11381 Meadowglen Lane Suite L Houston, Tx 77082-2647
11078 Morrison Rd., Suite D, Dallas, TX 75229             
5309 Wurzbach, Ste 104 San Antonio TX 78238                  
2505 N. Falkenburg Rd., Tampa, FL 33619
5757 NW 158th St, Miami Lakes, FL 33014

Phone                                    Fax
(281) 589-0692            (281) 589-0695
(972) 481-9999            (972) 481-9998
(210) 509-3334            (201) 509-3335
(813) 620-2000            (813) 620-2033
(305) 823-8500            (305) 823-8555

Recipient of the Prestigious Small Business Administration Award of Excellence in 1994.
Certified and approved by numerous States and Agencies.

A Small Business and Minority Status Company that delivers SERVICE and QUALITY

 FLORIDA Flagging Criteria

A

B

F

H

I

J

Value reported is the mean (average) of two or more determinations. This code shall be used if the
reported value is the average of results for two or more discrete and separate samples. These
samples shall have been processed and analyzed independently. Do not use this code if the data are
the result of replicate analysis on the same sample aliquot, extract or digestate.
Results based upon colony counts outside the acceptable range. This code applies to
microbiological tests and specifically to membrane filter colony counts. The code is to be used if
the colony count is generated from a plate in which the total number of coliform colonies is outside
the method indicated ideal range. This code is not to be used if a 100 mL sample has been filtered
and the colony count is less than the lower value of the ideal range.
When reporting species: F indicates the female sex. Otherwise it indicates RPD value is outside the
acceptable range.
Value based on field kit determination; results may not be accurate. This code shall be used if a
field screening test (i.e., field gas chromatograph data, immunoassay, vendor-supplied field kit,
etc.) was used to generate the value and the field kit or method has not been recognized by the
Department as equivalent to laboratory methods.
The reported value is between the laboratory method detection limit and the laboratory practical
quantitation limit.
Estimated value. A "J" value shall be accompanied by a narrative justification for its use. Where
possible, the organization shall report whether the actual value is less than or greater than the
reported value. A "J" value shall not be used as a substitute for K, L, M, T, V, or Y, however, if
additional reasons exist for identifying the value as estimate (e.g., matrix spiked failed to meet
acceptance criteria), the "J" code may be added to a K, L, M, T, V, or Y. The following are some
examples of narrative descriptions that may accompany a "J" code: .
             J1:  No known quality control criteria exist for the component;
             J2:  The reported value failed to meet the established quality control criteria for
                   either precision or accuracy (the specific failure must be identified);
             J3:  The sample matrix interfered with the ability to make any accurate determination;
             J4:  The data are questionable because of improper laboratory or field protocols
                   (e.g., composite sample was collected instead of a grab sample).
             J5:  The field calibration verification did not meet calibration acceptance criteria.
             J6:  QC protocol not followed.
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Flagging Criteria

Houston - Dallas - San Antonio - Austin - Tampa - Miami - Latin America

11381 Meadowglen Lane Suite L Houston, Tx 77082-2647
11078 Morrison Rd., Suite D, Dallas, TX 75229             
5309 Wurzbach, Ste 104 San Antonio TX 78238                  
2505 N. Falkenburg Rd., Tampa, FL 33619
5757 NW 158th St, Miami Lakes, FL 33014

Phone                                    Fax
(281) 589-0692            (281) 589-0695
(972) 481-9999            (972) 481-9998
(210) 509-3334            (201) 509-3335
(813) 620-2000            (813) 620-2033
(305) 823-8500            (305) 823-8555

Recipient of the Prestigious Small Business Administration Award of Excellence in 1994.
Certified and approved by numerous States and Agencies.

A Small Business and Minority Status Company that delivers SERVICE and QUALITY

K
1.

2.

L

M

N
1.
2.

O
Q

T

U

V

             J7:  B/A results for Chlorophyll does not meet 1 - 1.7 ratio.
Off-scale low. Actual value is known to be less than the value given. This code shall be used if:
The value is less than the lowest calibration standard and the calibration curve is known to be non-
linear; or
The value is known to be less than the reported value based on sample size, dilution. This code
shall not be used to report values that are less than the laboratory practical quantitation limit or
laboratory method detection limit.
Off-scale high. Actual value is known to be greater than value given. To be used when the
concentration of the analyte is above the acceptable level for quantitation (exceeds the linear range
or highest calibration standard) and the calibration curve is known to exhibit a negative deflection.
When reporting chemical analyses: presence of material is verified but not quantified; the actual
value is less than the value given. The reported value shall be the laboratory practical quantitation
limit. This code shall be used if the level is too low to permit accurate quantification, but the
estimated concentration is greater than the method detection limit. If the value is less than the
method detection limit use "T" below.
Presumptive evidence of presence of material. This qualifier shall be used if:
The component has been tentatively identified based on mass spectral library search; or
There is an indication that the analyte is present, but quality control requirements for confirmation
were not met (i.e., presence of analyte was not confirmed by alternative procedures).
Sampled, but analysis lost or not performed.
Sample held beyond the accepted holding time. This code shall be used if the value is derived from
a sample that was prepared or analyzed after the approved holding time restrictions for sample
preparation or analysis.
Value reported is less than the laboratory method detection limit. The value is reported for
informational purposes, only and shall not be used in statistical analysis.
Indicates that the compound was analyzed for but not detected. This symbolshall be used to
indicate that the specified component was not detected. The value associated with the qualifier
shall be the laboratory method detection limit. Unless requested by the client, less than the method
detection limit values shall not be reported (see "T" above).
Indicates that the analyte was detected in both the sample and the associated method blank. Note:
the value in the blank shall not be subtracted from associated samples.
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Flagging Criteria

Houston - Dallas - San Antonio - Austin - Tampa - Miami - Latin America

11381 Meadowglen Lane Suite L Houston, Tx 77082-2647
11078 Morrison Rd., Suite D, Dallas, TX 75229             
5309 Wurzbach, Ste 104 San Antonio TX 78238                  
2505 N. Falkenburg Rd., Tampa, FL 33619
5757 NW 158th St, Miami Lakes, FL 33014

Phone                                    Fax
(281) 589-0692            (281) 589-0695
(972) 481-9999            (972) 481-9998
(210) 509-3334            (201) 509-3335
(813) 620-2000            (813) 620-2033
(305) 823-8500            (305) 823-8555

Recipient of the Prestigious Small Business Administration Award of Excellence in 1994.
Certified and approved by numerous States and Agencies.

A Small Business and Minority Status Company that delivers SERVICE and QUALITY

Y

Z
?

D
E
R

!

The laboratory analysis was from an unpreserved or improperly preserved sample. The data may
not be accurate.
Too many colonies were present (TNTC); the numeric value represents the filtration volume.
Data are rejected and should not be used. Some or all of the quality control data for the analyte
were outside criteria, and the presence or absence of the analyte cannot be determined from the
data.
*  Not reported due to interference.
.
The following codes deal with certain aspects of field activities. The codes shall be used if the
laboratory has knowledge of the specific sampling event. The codes shall be added by the
organization collecting samples if they apply:
The sample result was reported from a dilution.
Indicates that extra samples were taken at composite stations.
Significant rain in the past 48 hours. (Significant rain typically involves rain in excess of 1/2 inch
within the past 48 hours.) This code shall be used when the rainfall might contribute to a lower
than normal value.
Data deviate from historically established concentration ranges.
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City of HialeahProject Name:

Project ID:

Blank Spike Recovery [D] = 100*[C]/[B]
All results are based on MDL and validated for QC purposes.

Blank Spike Recovery

337158Work Order #:

BRL - Below Reporting Limit

Color by SM2120B

DOC by SM5310

Phosphorus, Total  (Automated) by EPA 365.4

Specific Conductance by EPA 120.1

TDS by SM2540C

Color

Dissolved Organic Carbon 

Total  Phosphorus (as P)

Conductivity

Total dissolved solids

<0.50

<0.548

<0.037

<10.0

<5.00

36

10.0

6.82

101

1000

Spike
Added

[B]

Spike
Added

[B]

Spike
Added

[B]

Spike
Added

[B]

Spike
Added

[B]

Blank
Spike
%R
[D]

Blank
Spike
%R
[D]

Blank
Spike
%R
[D]

Blank
Spike
%R
[D]

Blank
Spike
%R
[D]

80-120

80-120

80-120

80-120

80-120

Control
Limits
 %R

Control
Limits
 %R

Control
Limits
 %R

Control
Limits
 %R

Control
Limits
 %R

Blank
Spike

 Result
[C]

Blank
Spike

 Result
[C]

Blank
Spike

 Result
[C]

Blank
Spike

 Result
[C]

Blank
Spike

 Result
[C]

 97

 98

 103

 101

 101

35

9.84

7.00

102

1010

BLANK /BLANK SPIKE  RECOVERY STUDY

BLANK /BLANK SPIKE  RECOVERY STUDY

BLANK /BLANK SPIKE  RECOVERY STUDY

BLANK /BLANK SPIKE  RECOVERY STUDY

BLANK /BLANK SPIKE  RECOVERY STUDY

Lab Batch #:

Lab Batch #:

Lab Batch #:

Lab Batch #:

Lab Batch #:

Matrix:

Matrix:

Matrix:

Matrix:

Matrix:

CU

mg/L

mg/L

uS/cm

mg/L

 Reporting Units:

 Reporting Units:

 Reporting Units:

 Reporting Units:

 Reporting Units:

764534

764878

764826

764582

764766

Water

Water

Water

Water

Water

Blank
Result

[A]

Blank
Result

[A]

Blank
Result

[A]

Blank
Result

[A]

Blank
Result

[A]

Flags

Flags

Flags

Flags

Flags

Analytes

Analytes

Analytes

Analytes

Analytes

764534-1-BKS

764878-1-BKS

764826-1-BKS

764582-1-BKS

764766-1-BKS

Sample:

Sample:

Sample:

Sample:

Sample:

1

1

1

1

1

Batch #:

Batch #:

Batch #:

Batch #:

Batch #:

MSH

MAB

MSH

MSH

YAD

Analyst:

Analyst:

Analyst:

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

Date Analyzed:

Date Analyzed:

Date Analyzed:

07/06/2009

07/09/2009

07/08/2009

07/07/2009

07/07/2009

07/06/2009

07/09/2009

07/08/2009

07/07/2009

07/07/2009

Date Prepared:

Date Prepared:

Date Prepared:

Date Prepared:

Date Prepared:
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City of HialeahProject Name:

Project ID:

Blank Spike Recovery [D] = 100*[C]/[B]
All results are based on MDL and validated for QC purposes.

Blank Spike Recovery

337158Work Order #:

BRL - Below Reporting Limit

TOC by SM 5310C

Total Organic Carbon <0.242 10.0

Spike
Added

[B]

Blank
Spike
%R
[D]

90-110

Control
Limits
 %R

Blank
Spike

 Result
[C]

 989.84

BLANK /BLANK SPIKE  RECOVERY STUDY

Lab Batch #: Matrix:

mg/L Reporting Units:

764872 Water

Blank
Result

[A]
Flags

Analytes

764872-1-BKSSample:

1Batch #:

MABAnalyst:Date Analyzed: 07/08/2009 07/08/2009Date Prepared:
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BS / BSD Recoveries  

337158

City of HialeahProject Name:

Project ID:

Relative Percent Difference RPD = 200*|(C-F)/(C+F)|
Blank Spike Recovery [D] = 100*(C)/[B]
Blank Spike Duplicate Recovery [G] = 100*(F)/[E]
All results are based on MDL and Validated for QC Purposes

Work Order #:

Alkalinity by SM2320B

Inorganic Anions by EPA 300

Alkalinity, Total (as CaCO3) 

Alkalinity, Bicarbonate (as CaCO3)

Alkalinity, Carbonate (as CaCO3)

Fluoride

Chloride 

Nitrite as N

Nitrate as N

Ortho-Phosphate 

Sulfate

<2.17

<2.17

<2.17

<0.092

<0.103

<0.099

<0.066

<0.025

<0.055

100

250

250

5.00

10.0

10.0

4.52

9.79

20.0

   98

    0

    0

   93

   93

   93

  104

   94

   96

2

NC

NC

3

2

0

0

0

1

20

20

20

20

20

20

20

20

20

J

J

89-106

80-117

80-120

90-110

90-110

90-110

90-110

90-110

90-110

Spike
Added

[B]

Spike
Added

[B]

  100

    0

    0

   96

   96

   94

  104

   94

   95

Blank
Spike
%R
[D]

Blank
Spike
%R
[D]

RPD
%

RPD
%

Control
Limits
%RPD

Control
Limits
%RPD

Flag

Flag

Control
Limits
 %R

Control
Limits
 %R

Blank
Spike

 Result
[C]

Blank
Spike

 Result
[C]

Blk. Spk
 Dup.
%R
[G]

Blk. Spk
 Dup.
%R
[G]

Blank
Spike

Duplicate
Result [F]

Blank
Spike

Duplicate
Result [F]

100

<8.68

<8.68

4.78

9.56

9.38

4.71

9.18

19.0

98.0

<8.68

<8.68

4.66

9.33

9.34

4.72

9.22

19.1

764635

764833

Lab Batch ID:

Lab Batch ID:

Matrix:

Matrix:

Water

Water

BLANK /BLANK SPIKE / BLANK SPIKE DUPLICATE  RECOVERY STUDY

BLANK /BLANK SPIKE / BLANK SPIKE DUPLICATE  RECOVERY STUDY

mg/L

mg/L

Units:

Units:

764635-1-BKS

764833-1-BKS

Sample:

Sample:

1

1

Batch #:

Batch #:

 100

 250

 250

 5

 10

 10

 4.52

 9.79

 20

Spike
Added

[E]

Spike
Added

[E]

Blank 
Sample Result

[A]

Blank 
Sample Result

[A]

 Analytes

 Analytes

OLA

NIB

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

07/07/2009

07/07/2009

07/07/2009

07/07/2009

Date Prepared:

Date Prepared:
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BS / BSD Recoveries  

337158

City of HialeahProject Name:

Project ID:

Relative Percent Difference RPD = 200*|(C-F)/(C+F)|
Blank Spike Recovery [D] = 100*(C)/[B]
Blank Spike Duplicate Recovery [G] = 100*(F)/[E]
All results are based on MDL and Validated for QC Purposes

Work Order #:

Metals per  ICP-MS by SW 6020A

Metals, Total by SW846 6010B

Barium

Calcium

Potassium

Sodium

Strontium

Iron

Manganese

<0.002

<0.050

<0.170

<0.250

<0.001

<0.021

<0.001

0.100

5.00

5.00

5.00

0.100

9.00

1.00

  107

  109

  102

  104

  105

  103

   99

1

3

3

5

2

3

3

25

25

25

25

25

20

20

75-125

75-125

75-125

75-125

75-125

75-125

75-125

Spike
Added

[B]

Spike
Added

[B]

  108

  112

  105

  109

  103

  106

  102

Blank
Spike
%R
[D]

Blank
Spike
%R
[D]

RPD
%

RPD
%

Control
Limits
%RPD

Control
Limits
%RPD

Flag

Flag

Control
Limits
 %R

Control
Limits
 %R

Blank
Spike

 Result
[C]

Blank
Spike

 Result
[C]

Blk. Spk
 Dup.
%R
[G]

Blk. Spk
 Dup.
%R
[G]

Blank
Spike

Duplicate
Result [F]

Blank
Spike

Duplicate
Result [F]

0.108

5.60

5.23

5.45

0.103

9.50

1.02

0.107

5.43

5.08

5.20

0.105

9.26

0.994

764731

764783

Lab Batch ID:

Lab Batch ID:

Matrix:

Matrix:

Water

Water

BLANK /BLANK SPIKE / BLANK SPIKE DUPLICATE  RECOVERY STUDY

BLANK /BLANK SPIKE / BLANK SPIKE DUPLICATE  RECOVERY STUDY

mg/L

mg/L

Units:

Units:

533175-1-BKS

533209-1-BKS

Sample:

Sample:

1

1

Batch #:

Batch #:

 0.1

 5

 5

 5

 0.1

 9

 1

Spike
Added

[E]

Spike
Added

[E]

Blank 
Sample Result

[A]

Blank 
Sample Result

[A]

 Analytes

 Analytes

ARP

4150

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

07/08/2009

07/08/2009

07/07/2009

07/07/2009

Date Prepared:

Date Prepared:
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BS / BSD Recoveries  

337158

City of HialeahProject Name:

Project ID:

Relative Percent Difference RPD = 200*|(C-F)/(C+F)|
Blank Spike Recovery [D] = 100*(C)/[B]
Blank Spike Duplicate Recovery [G] = 100*(F)/[E]
All results are based on MDL and Validated for QC Purposes

Work Order #:

Nitrogen Ammonia by EPA 350.1

Sulfide by SM4500-S-F

Nitrogen, Ammonia (as N)

Sulfide, total

<0.020

<1.00

2.00

10.0

   96

  100

4

0

20

20

90-110

75-120

Spike
Added

[B]

Spike
Added

[B]

   92

  100

Blank
Spike
%R
[D]

Blank
Spike
%R
[D]

RPD
%

RPD
%

Control
Limits
%RPD

Control
Limits
%RPD

Flag

Flag

Control
Limits
 %R

Control
Limits
 %R

Blank
Spike

 Result
[C]

Blank
Spike

 Result
[C]

Blk. Spk
 Dup.
%R
[G]

Blk. Spk
 Dup.
%R
[G]

Blank
Spike

Duplicate
Result [F]

Blank
Spike

Duplicate
Result [F]

1.84

10.0

1.92

10.0

764669

764640

Lab Batch ID:

Lab Batch ID:

Matrix:

Matrix:

Water

Water

BLANK /BLANK SPIKE / BLANK SPIKE DUPLICATE  RECOVERY STUDY

BLANK /BLANK SPIKE / BLANK SPIKE DUPLICATE  RECOVERY STUDY

mg/L

mg/L

Units:

Units:

764669-1-BKS

764640-1-BKS

Sample:

Sample:

1

1

Batch #:

Batch #:

 2

 10

Spike
Added

[E]

Spike
Added

[E]

Blank 
Sample Result

[A]

Blank 
Sample Result

[A]

 Analytes

 Analytes

SHH

OLA

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

07/07/2009

07/07/2009

07/07/2009

07/07/2009

Date Prepared:

Date Prepared:
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Form 3 - MS Recoveries

Matrix Spike Percent Recovery [D] = 100*(C-A)/B
Relative Percent Difference [E] = 200*(C-A)/(C+B)
All Results are based on MDL and Validated for QC Purposes

BRL - Below Reporting Limit

City of HialeahProject Name:

 Work Order #:  337158
Project ID:

Alkalinity by SM2320B

Inorganic Anions by EPA 300

Metals per  ICP-MS by SW 6020A

337158-006 S

337134-001 S

337158-006 S

QC- Sample ID:

QC- Sample ID:

QC- Sample ID:

Alkalinity, Bicarbonate (as CaCO3)

Alkalinity, Carbonate (as CaCO3)

Alkalinity, Total (as CaCO3) 

Fluoride

Chloride 

Nitrite as N

Nitrate as N

Ortho-Phosphate 

Sulfate

Barium

Calcium

Potassium

Sodium

Strontium

<8.68

<8.68

132

<1.85

171

<2.00

<1.35

<0.500

292

0.017

141

37.1

964

12.4

20.0

20.0

50.0

20.0

100

100

40.0

100

100

0.100

5.00

5.00

5.00

0.100

Spike
Added

[B]

Spike
Added

[B]

Spike
Added

[B]

%R
[D]

%R
[D]

%R
[D]

J

J

J

J

J

J

80-120

80-120

80-120

90-110

90-110

90-110

90-110

90-110

90-110

75-125

75-125

75-125

75-125

75-125

Control
Limits
 %R

Control
Limits
 %R

Control
Limits
 %R

Spiked Sample
Result

[C]

Spiked Sample
Result

[C]

Spiked Sample
Result

[C]

 0

 0

 96

 90

 90

 91

 108

 102

 95

 126

 0

 78

 0

 0

<8.68

<8.68

180

18.0

261

91.3

43.3

102

387

0.143

140

41.0

927

11.8

MATRIX  / MATRIX SPIKE  RECOVERY STUDY

MATRIX  / MATRIX SPIKE  RECOVERY STUDY

MATRIX  / MATRIX SPIKE  RECOVERY STUDY

Lab Batch #:

Lab Batch #:

Lab Batch #:

764635

764833

764731

Matrix:

Matrix:

Matrix:

Water

Water

Water

mg/L

mg/L

mg/L

Reporting Units:

Reporting Units:

Reporting Units:

Parent
Sample
Result

[A]

Parent
Sample
Result

[A]

Parent
Sample
Result

[A]

Flag

Flag

Flag

Analytes

Analytes

Analytes

1

1

1

Batch #:

Batch #:

Batch #:

OLA

NIB

ARP

Analyst:

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

Date Analyzed:

07/07/2009

07/07/2009

07/08/2009

07/07/2009

07/07/2009

07/07/2009

Date Prepared:

Date Prepared:

Date Prepared:
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Form 3 - MS Recoveries

Matrix Spike Percent Recovery [D] = 100*(C-A)/B
Relative Percent Difference [E] = 200*(C-A)/(C+B)
All Results are based on MDL and Validated for QC Purposes

BRL - Below Reporting Limit

City of HialeahProject Name:

 Work Order #:  337158
Project ID:

Metals per  ICP-MS by SW 6020A

Nitrogen Ammonia by EPA 350.1

Phosphorus, Total  (Automated) by EPA 365.4

Sulfide by SM4500-S-F

337191-001 S

337107-001 S

337158-006 S

337158-006 S

QC- Sample ID:

QC- Sample ID:

QC- Sample ID:

QC- Sample ID:

Barium

Calcium

Potassium

Sodium

Strontium

Nitrogen, Ammonia (as N)

Total  Phosphorus (as P)

Sulfide, total

0.229

38.5

4.85

65.2

0.322

0.828

<0.100

2.40

0.100

5.00

5.00

5.00

0.100

2.50

1.60

5.00

Spike
Added

[B]

Spike
Added

[B]

Spike
Added

[B]

Spike
Added

[B]

%R
[D]

%R
[D]

%R
[D]

%R
[D]

J

J

75-125

75-125

75-125

75-125

75-125

90-110

80-120

75-120

Control
Limits
 %R

Control
Limits
 %R

Control
Limits
 %R

Control
Limits
 %R

Spiked Sample
Result

[C]

Spiked Sample
Result

[C]

Spiked Sample
Result

[C]

Spiked Sample
Result

[C]

 110

 78

 99

 42

 98

 73

 101

 80

0.339

42.4

9.80

67.3

0.420

2.65

1.61

6.41

MATRIX  / MATRIX SPIKE  RECOVERY STUDY

MATRIX  / MATRIX SPIKE  RECOVERY STUDY

MATRIX  / MATRIX SPIKE  RECOVERY STUDY

MATRIX  / MATRIX SPIKE  RECOVERY STUDY

Lab Batch #:

Lab Batch #:

Lab Batch #:

Lab Batch #:

764731

764669

764826

764640

Matrix:

Matrix:

Matrix:

Matrix:

Water

Water

Water

Water

mg/L

mg/L

mg/L

mg/L

Reporting Units:

Reporting Units:

Reporting Units:

Reporting Units:

Parent
Sample
Result

[A]

Parent
Sample
Result

[A]

Parent
Sample
Result

[A]

Parent
Sample
Result

[A]

Flag

Flag

Flag

Flag

Analytes

Analytes

Analytes

Analytes

1

1

1

1

Batch #:

Batch #:

Batch #:

Batch #:

ARP

SHH

MSH

OLA

Analyst:

Analyst:

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

Date Analyzed:

Date Analyzed:

07/08/2009

07/07/2009

07/08/2009

07/07/2009

07/07/2009

07/07/2009

07/08/2009

07/07/2009

Date Prepared:

Date Prepared:

Date Prepared:

Date Prepared:
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Form 3 - MS / MSD Recoveries 

Matrix Spike Percent Recovery   [D] = 100*(C-A)/B                                                                                       Matrix Spike Duplicate Percent Recovery   [G] = 100*(F-A)/E
Relative Percent Difference   RPD = 200*|(C-F)/(C+F)|                                                                               

ND = Not Detected, J = Present Below Reporting Limit, B = Present in Blank, NR = Not Requested, I = Interference, NA = Not
ApplicableN = See Narrative, EQL = Estimated Quantitation Limit

337158

City of HialeahProject Name:

Project ID:Work Order # :

Dissolved Organic Carbon 

Iron

Manganese

Total Organic Carbon

2.47

0.223

0.006

8.14

5.00

9.00

1.00

5.00

85

102

99

91

3

1

0

4

20

20

20

20

80-120

75-125

75-125

90-110

Spike
Added

[B]

Spike
Added

[B]

Spike
Added

[B]

Spiked
Sample

%R
[D]

Spiked
Sample

%R
[D]

Spiked
Sample

%R
[D]

RPD
%

RPD
%

RPD
%

Control
Limits
%RPD

Control
Limits
%RPD

Control
Limits
%RPD

Control
Limits
 %R

Control
Limits
 %R

Control
Limits
 %R

Spiked Sample
Result

[C]

Spiked Sample
Result

[C]

Spiked Sample
Result

[C]

Spiked
Dup.
%R
[G]

Spiked
Dup.
%R
[G]

Spiked
Dup.
%R
[G]

Duplicate
Spiked Sample

Result [F]

Duplicate
Spiked Sample

Result [F]

Duplicate
Spiked Sample

Result [F]

82

103

99

101

6.55

9.49

1.00

13.2

6.74

9.44

0.997

12.7

DOC by SM5310

Metals, Total by SW846 6010B

TOC by SM 5310C

337158-006 S

336994-001 S

336507-025 S

QC- Sample ID:

QC- Sample ID:

QC- Sample ID:

Lab Batch ID:

Lab Batch ID:

Lab Batch ID:

764878

764783

764872

Matrix:

Matrix:

Matrix:

Water

Water

Water

MATRIX SPIKE / MATRIX SPIKE DUPLICATE  RECOVERY STUDY

MATRIX SPIKE / MATRIX SPIKE DUPLICATE  RECOVERY STUDY

MATRIX SPIKE / MATRIX SPIKE DUPLICATE  RECOVERY STUDY

mg/L

mg/L

mg/L

Reporting Units:

Reporting Units:

Reporting Units:

5.00

9.00

1.00

5.00

Spike
Added

[E]

Spike
Added

[E]

Spike
Added

[E]

Parent
Sample
Result

[A]

Parent
Sample
Result

[A]

Parent
Sample
Result

[A]

Flag

Flag

Flag

Analytes

Analytes

Analytes

1

1

1

Batch #:

Batch #:

Batch #:

MAB

4150

MAB

Analyst:

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

Date Analyzed:

07/09/2009

07/08/2009

07/08/2009

07/09/2009

07/07/2009

07/08/2009

Date Prepared:

Date Prepared:

Date Prepared:
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Sample Duplicate Recovery

City of Hialeah

Project ID:

Spike Relative Difference RPD 200 * | (B-A)/(B+A) |
All Results are based on MDL and validated for QC purposes.

337158Work Order #:

BRL - Below Reporting Limit

Project Name:

Alkalinity by SM2320B

Color by SM2120B

DOC by SM5310

Metals per  ICP-MS by SW 6020A

337158-006 D

337158-006 D

337158-006 D

337191-001 D

QC- Sample ID:

QC- Sample ID:

QC- Sample ID:

QC- Sample ID:

Lab Batch #:

Lab Batch #:

Lab Batch #:

Lab Batch #:

764635

764534

764878

764731

Alkalinity, Total (as CaCO3) 

Color

Dissolved Organic Carbon 

Barium

Calcium

Potassium

Sodium

Strontium

132

10

2.47

0.229

38.5

4.85

65.2

0.322

RPD

RPD

RPD

RPD

20

20

20

25

25

25

25

25

Control
Limits
%RPD

Control
Limits
%RPD

Control
Limits
%RPD

Control
Limits
%RPD

Sample
Duplicate

Result
[B]

Sample
Duplicate

Result
[B]

Sample
Duplicate

Result
[B]

Sample
Duplicate

Result
[B]

     0

     0

     8

     1

     3

     1

     3

     2

132

10

2.27

0.226

37.4

4.78

63.3

0.316

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

Matrix:

Matrix:

Matrix:

Matrix:

Water

Water

Water

Water

mg/L

CU

mg/L

mg/L

Reporting Units:

Reporting Units:

Reporting Units:

Reporting Units:

Parent Sample
Result

[A]

Parent Sample
Result

[A]

Parent Sample
Result

[A]

Parent Sample
Result

[A]

Flag

Flag

Flag

Flag

Analyte

Analyte

Analyte

Analyte

1

1

1

1

Batch #:

Batch #:

Batch #:

Batch #:

OLA

MSH

MAB

ARP

Analyst:

Analyst:

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

Date Analyzed:

Date Analyzed:

07/07/2009

07/06/2009

07/09/2009

07/08/2009

07/07/2009

07/06/2009

07/09/2009

07/07/2009

Date Prepared:

Date Prepared:

Date Prepared:

Date Prepared:

Page 24 of 32



Sample Duplicate Recovery

City of Hialeah

Project ID:

Spike Relative Difference RPD 200 * | (B-A)/(B+A) |
All Results are based on MDL and validated for QC purposes.

337158Work Order #:

BRL - Below Reporting Limit

Project Name:

Metals, Total by SW846 6010B

Specific Conductance by EPA 120.1

Sulfide by SM4500-S-F

TDS by SM2540C

336994-001 D

337158-006 D

337158-006 D

337134-010 D

QC- Sample ID:

QC- Sample ID:

QC- Sample ID:

QC- Sample ID:

Lab Batch #:

Lab Batch #:

Lab Batch #:

Lab Batch #:

764783

764582

764640

764766

Iron

Manganese

Conductivity

Sulfide, total

Total dissolved solids

0.223

0.006

5670

2.40

384

RPD

RPD

RPD

RPD

20

20

20

20

30

Control
Limits
%RPD

Control
Limits
%RPD

Control
Limits
%RPD

Control
Limits
%RPD

Sample
Duplicate

Result
[B]

Sample
Duplicate

Result
[B]

Sample
Duplicate

Result
[B]

Sample
Duplicate

Result
[B]

     2

     0

     0

     0

     6

0.227

0.006

5690

2.40

408

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

Matrix:

Matrix:

Matrix:

Matrix:

Water

Water

Water

Water

mg/L

uS/cm

mg/L

mg/L

Reporting Units:

Reporting Units:

Reporting Units:

Reporting Units:

Parent Sample
Result

[A]

Parent Sample
Result

[A]

Parent Sample
Result

[A]

Parent Sample
Result

[A]

Flag

Flag

Flag

Flag

Analyte

Analyte

Analyte

Analyte

1

1

1

1

Batch #:

Batch #:

Batch #:

Batch #:

4150

MSH

OLA

YAD

Analyst:

Analyst:

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

Date Analyzed:

Date Analyzed:

07/08/2009

07/07/2009

07/07/2009

07/07/2009

07/07/2009

07/07/2009

07/07/2009

07/07/2009

Date Prepared:

Date Prepared:

Date Prepared:

Date Prepared:

Page 25 of 32



Sample Duplicate Recovery

City of Hialeah

Project ID:

Spike Relative Difference RPD 200 * | (B-A)/(B+A) |
All Results are based on MDL and validated for QC purposes.

337158Work Order #:

BRL - Below Reporting Limit

Project Name:

TOC by SM 5310C

Turbidity by EPA 180.1

pH by SM4500-H

336507-025 D

337158-006 D

337158-006 D

QC- Sample ID:

QC- Sample ID:

QC- Sample ID:

Lab Batch #:

Lab Batch #:

Lab Batch #:

764872

764535

764568

Total Organic Carbon

Turbidity

pH

8.14

1.21

7.61

RPD

RPD

RPD

20

20

20

Control
Limits
%RPD

Control
Limits
%RPD

Control
Limits
%RPD

Sample
Duplicate

Result
[B]

Sample
Duplicate

Result
[B]

Sample
Duplicate

Result
[B]

     2

     3

     1

8.33

1.25

7.65

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

SAMPLE / SAMPLE  DUPLICATE  RECOVERY

Matrix:

Matrix:

Matrix:

Water

Water

Water

mg/L

NTU

SU

Reporting Units:

Reporting Units:

Reporting Units:

Parent Sample
Result

[A]

Parent Sample
Result

[A]

Parent Sample
Result

[A]

Flag

Flag

Flag

Analyte

Analyte

Analyte

1

1

1

Batch #:

Batch #:

Batch #:

MAB

MSH

MSH

Analyst:

Analyst:

Analyst:

Date Analyzed:

Date Analyzed:

Date Analyzed:

07/08/2009

07/06/2009

07/06/2009

07/08/2009

07/06/2009

07/06/2009

Date Prepared:

Date Prepared:

Date Prepared:
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Appendix C 
 

Geophysical Logs 
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Mud density: 8.34 lbm/gal FGM:Rmc @ Measured Temperature:  1.6 ohm.m @ 85 d

Type Fluid in Hole:

FOLD HERE          The well name, location and borehole reference data were furnished by the customer

All interpretations are opinions based on inferences from electrical or other measurements and we cannot, and do not guarantee the accuracy or
correctness of any interpretation, and we will not, except in the case gross or willful negligence on our part, be liable or responsible for any loss,
costs, damages oe expenses incurred or sustained by anyone resulting from any interpretations made by any of our officers, agents or employees.
These interpretations are also subject to Clause 4 of our General  Terms and Conditions as set out in our Price Schedule.

Ser. Oder # B2EO00014    OP Vers.:  16C0−147   Process Date:  Sept−2009    Center: SWS Tucson     Baseline: GF4.2      Log Analyst:  N. Clay

Remarks:
 
        Depth reference is drill floor (5 ft above ground surface).
        Severe washout (cavity) at 1160−1260 ft compromising log quality.
        Certain log measurements are unattainable in PVC casing (above 1088 ft).
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Mud and Borehole Measurements:

Rm @ Measured Temperature:  1.6 ohm.m @ 85 de Bitsize:  15 inBHT:  78 degF

Rmf @ Measured Temperature:  1.6 ohm.m @ 85 d FGM:
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Appendix D 
 

APT Data (Attached Digitally) 
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