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EXECUTIVE SUMMARY 

This technical report documents the results of a study conducted to assess surface water and groundwater 
conditions within and adjacent to the eastern portion of the Loxahatchee Slough in northern Palm Beach 
County, Florida since the installation and operation of the G-160 structure on the C-18 Canal, particularly 
after the structure’s headwater stage was increased in June 2009. The study involved the analysis of 
monitoring data collected between November 2005 and mid-March 2013 from groundwater monitor wells 
installed in 2004 and 2010 as well as from several local stage and rainfall stations. 

The north-south trending C-18 Canal, which bisects the Loxahatchee Slough, is a component of the Central 
and South Florida Flood Control Project (C&SFFCP) and was originally constructed in the late 1950s by 
the U.S. Army Corps of Engineers (USACE), and currently is operated by the South Florida Water 
Management District (SFWMD). The G-160 structure, which was constructed in 2003 and began operating 
in January 2004, is a key component of the C-18 Canal. The structure initially was identified in the Northern 
Palm Beach County Comprehensive Water Management Plan and subsequently incorporated into the 
Comprehensive Everglades Restoration Plan’s (CERP’s) Loxahatchee River Watershed Restoration Project 
(LRWRP) Part 1 (formerly North Palm Beach County – Part 1). The purpose of the structure is to 1) serve 
as an engineering solution to maintain the existing level of service for flood protection, 2) aid in meeting 
environmental water supply demands by enhancing delivery of freshwater flows to the Northwest Fork of 
the Loxahatchee River, and 3) improve the sensitive wetlands environment in the C-18 Basin, including the 
Loxahatchee Slough. 

The initial operational schedule called for maintaining the headwater stage at 15.5 feet NGVD during the 
dry season and 15.0 feet NGVD during the wet season. Since June 1, 2009, at the direction of the Florida 
Department of Environmental Protection (FDEP) and according to the FDEP operating permit issued in 
2003, the SFWMD has been maintaining the headwater stage between 16.3 and 16.7 feet NGVD, provided 
water has been available. 

After construction and initial operation of the G-160 structure in early 2004 as well as after considering the 
operational schedule changes proposed in the 2003 FDEP permit, several questions and concerns were 
raised by local and regional stakeholders, prompting the SFWMD to enact initiatives to address the issues. 
Several months after the G-160 structure began operating, the Florida Department of Transportation 
(FDOT) conveyed concerns about the cause of occasional flooding along PGA Boulevard near the 
C-18 Canal. In early 2004, the SFWMD installed seven groundwater monitor wells at five sites (PGAW01 
to PGAW05) located along the northern side of PGA Boulevard in the vicinity of the C-18 Canal. Water 
levels from these wells have been collected since November 2005.  

In response to other concerns, the SFWMD entered into a four-party agreement with the Northern Palm 
Beach County Improvement District (NPBCID), South Indian River Water Control District (SIRWCD) and 
the City of Palm Beach Gardens in August 2005, whereby the SFWMD agreed to maintain the G-160 
structure headwater stage at 15.0 feet NGVD in the wet season and 15.5 feet NGVD in the dry season for 
a period of 5 years. However, FDEP later ruled that the operating permit issued in 2003 superseded this 
agreement and directed the SFWMD to follow the operating schedule stipulated in the permit, which 
resulted in the headwater stage being raised to 16.5 feet starting on June 1, 2009. In early 2010, to mitigate 
the continuing concerns of the local stakeholders, the SFWMD agreed to install and monitor 14 additional 
surficial aquifer wells at 8 sites east of the C-18 Canal and adjacent to the residential developments north 
and south of PGA Boulevard for a period of at least 2 years following the increase in stage. Data collection 
from the wells began in April 2010 and continued to mid-March 2013. 

The lithology of the upper surficial aquifer system (SAS) in the study area consists of unconsolidated 
Holocene-aged sands and shells that range in thickness from 20 to 70 feet below land surface (bls). The 
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strata below this, from 40 to >70 feet bls, are the Pleistocene-aged Anastasia Formation (coquina, shell, 
quartz sand, sandstone, and limestone), Caloosahatchee Marl (sandy marl, clay, quartz sand, and silt), and 
Fort Thompson Formation (marine limestone, quartz sandstone, and grey limestone), which also are part of 
the SAS and contain a localized cavity-riddled zone of high porosity and secondary permeability sometimes 
referred to as the “Turnpike Aquifer”. 

A Water Year (WY) in South Florida runs from May 1 to April 30 and is designated by the later year. 
WY2011 and WY2012 experienced below average rainfall and above average potential evapotranspiration 
(ETp), with the WY2011 dry season being one of the driest on record. However, in WY2013, Palm Beach 
County experienced above average rainfall with extreme wet and flooding conditions from Tropical Storm 
Isaac in August 2012. 

From November 2005 through mid-March 2013, groundwater level data were collected and analyzed from 
the wells (PGAW01 to PGAW05) along PGA Boulevard east and west of the C-18 Canal; G-160 headwater 
and tailwater stages as well as rainfall data were collected also. Results showed relatively little change or 
no increase in the groundwater elevations in the wells throughout the 6- to 7-year time period even after 
raising the G-160 headwater stage in June 2009. From April 2010 to March 2013, the groundwater 
elevations in five wells located in the northern and southern portions of the study area tended to fall below 
the G-160 headwater stage and above the tailwater stage during periods of high rainfall. However, in the 
three wells located in the central portion of the study area west of two regional wellfields, groundwater 
elevations consistently were above the G-160 headwater stage and generally higher than those to the north 
and south, suggesting that the latter two areas might be subjected to more drawdown from the regional 
wellfield activity. 

In the northern part of the study area as well as the area south of the Old Marsh development, horizontal 
hydraulic gradients trended from east to west due to the possible influence of surface water management 
practices along the SIRWCD’s Canal E located at the northern boundary of the study area and the 
C-18 Canal to the west. Between the two areas, groundwater flow appeared to be toward the northeast in 
the direction of historic flow and possibly in response to pumpage from the adjacent Town of Jupiter 
wellfield. 

Vertical gradients were primarily downward, from shallow to deep portions of the aquifer, throughout the 
study area due to the effects of rainfall recharging the aquifers. Exceptions to this were found at the NEB 
well cluster where there has been a consistent upward vertical gradient (from deep to shallow), possibly 
due to its close proximity to the Town of Jupiter wellfield and the SIRWCD Canal E, and at the C18P well 
cluster where upward gradients were prominent during prolonged dry periods when groundwater tended to 
discharge into the nearby C-18 Canal. 

Groundwater levels in the study area are influenced by a combination of local rainfall, surface water 
management practices, and wellfield pumpage. Based on the data analyzed for this study, the increase in 
the operating stage at the G-160 structure has not had a significant impact on groundwater levels or resulted 
in adverse conditions. 
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INTRODUCTION 

This technical report presents the findings of a study conducted to assess surface water and groundwater 
conditions within and adjacent to the eastern portion of the Loxahatchee Slough that resulted from the 
installation and operation of the G-160 structure located just south of the confluence of the C-18 and C-18 
West (C-18W) canals in northern Palm Beach County, Florida. The study area (Figure 1) primarily lies 
between the C-18 Canal on the west and the municipalities of Palm Beach Gardens and Jupiter to the east. 
The investigation involved the analysis of data collected between November 2005 and mid-March 2013 
from the stage, rainfall, and groundwater monitoring stations depicted in Figure 1. 

Project Background 

The C-18 Canal and its levees were constructed in the late 1950s by the U.S. Army Corps of Engineers 
(USACE) as part of the Central and South Florida Flood Control Project (C&SFFCP), which the South 
Florida Water Management District (SFWMD or District), then the South Florida Flood Control District, 
was the non-federal sponsor. 

The G-160 structure, which was constructed in 2003 and began operating in January 2004, is a key 
component of the C-18 Canal. The structure is constructed of reinforced concrete and has a gated spillway 
controlled by two stem-operated vertical lift gates (Figure 2). 

The structure was initially identified in the Northern Palm Beach County Comprehensive Water 
Management Plan, and was subsequently incorporated into the Comprehensive Everglades Restoration 
Plan’s (CERP’s) Loxahatchee River Watershed Restoration Project (LRWRP) Part 1 (formerly North Palm 
Beach County – Part 1). The purpose of the structure is to 1) serve as an engineering solution to maintain 
the existing level of service for flood protection, 2) aid in meeting environmental water supply demands by 
enhancing delivery of freshwater flows to the Northwest Fork of the Loxahatchee River, and 3) improve 
the sensitive wetlands environment in the C-18 Basin, including the Loxahatchee Slough, which is an 
historic tributary component to the Loxahatchee River that provides important base and wet season flows. 
The G-160 structure allows stages in the C-18 Canal to be increased in accordance with specific hydraulic 
conditions and zones to meet recommended target stages (Figure 3) within the Loxahatchee Slough that 
are necessary to maintain the ecological integrity of the slough vegetative communities. When a 
supplemental water source is identified through the LRWRP, the G-160 structure will allow a permanent 
water pool between 15.5 to 17.5 feet National Geodetic Vertical Datum (NGVD) to be maintained in the 
Loxahatchee Slough with maximum water levels up to 18.2 feet NGVD for rainfall driven conditions. The 
structure can maintain optimum water control stages upstream in the C-18 Canal and pass flood water from 
the upstream portions of the drainage basin in a manner that restricts downstream flood stages without 
exceeding the upstream flood design stage.  

Initially, the operational schedule for the G-160 headwater stage was maintained by the SFWMD at 
15.5 feet NGVD during the dry season and 15.0 feet NGVD during the wet season. Since June 1, 2009, the 
SFWMD has been maintaining the G-160 head water stage between 16.3 and 16.7 feet NGVD, provided 
water has been available, as directed by the Florida Department of Environmental Protection (FDEP) 
Environmental Resource Permit EI 50-0128848-004 issued in 2003 (Appendix A). When sufficient water 
has not been available, the District has operated the G-160 structure according to the goals established to 
enhance delivery of the minimum flow and level (MFL) to the Northwest Fork of the Loxahatchee River. 
For flood protection purposes, the SFWMD has, at its discretion, partially or fully opened the gates of the 
G-160 structure during and after rainfall events to lower the water levels in the C-18 Canal. 
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Figure 1. Map of the study area showing the locations of the G-160 structure, C-18 and C-18W canals, 

and other key features, including monitoring locations and nearby wellfields. 
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Figure 2. G-160 water control structure in the C-18 Canal. 

 
Figure 3. Loxahatchee Slough target hydroperiod. 
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In addition to the G-160 structure, there are several project culverts shown on Figure 1 that pass through 
the levees along the east and west side of the C-18 Canal through which rainfall runoff enters the canal. 
The three culverts along the eastern levee are PC-10, PC-12, and PC-14; those along the western levee are 
PC-11, PC-13, and PC-15. From 2002 through 2011, the SFWMD replaced the project culverts because 
they had reached the end of their useful life. When the culverts were rebuilt, the flashboard control 
elevations were set at 16.9 feet NGVD as recommended in the Feasibility Report and Environmental 
Assessment of the C18 Basin and Loxahatchee Slough (USACE 1984). However, the riser boards can be 
removed to lower levels within the slough if rainfall conditions and slough elevations warrant.  

Previous Work 
In 2004, Taylor Engineering, under contract with the SFWMD, completed a modeling study to evaluate the 
potential impacts of G-160 operation on existing resources in the C-18 Basin. The study simulated a 
combination of event-based and hydroperiod conditions to assess the capability of the C-18 Canal and 
associated basins to maintain flood control and long-term hydroperiod target elevations under several 
project scenarios as well as existing conditions for 10-, 25-, and 100-year storm events. The modeling 
scenarios included operational schedules where the G-160 gates were fully opened during rainfall events 
(Schedule A) or operated such that they open when the upstream stage exceeds 16.2 feet NGVD and closed 
at 15.5 feet NGVD (Schedule B). The model results showed that operation of the structure to maintain 
slough stages while simultaneously opening the project culvert connections (removing the flashboard 
controls, thus increasing connectivity between the sub-basins and the canal) will allow an improved 
hydroperiod in the eastern Loxahatchee Slough without adversely impacting other sub-basins, nearby 
roadways (including PGA Boulevard), and developments. 

Stakeholder Issues 
After construction and initial operation of the G-160 structure in early 2004 as well as after considering the 
operational schedule changes proposed in the 2003 FDEP permit, several questions and concerns were 
raised by local and regional stakeholders, prompting the SFWMD to enact initiatives to address the issues. 
Several months after the G-160 structure began operating, the Florida Department of Transportation 
(FDOT) conveyed concerns about the cause of occasional flooding along PGA Boulevard near the 
C-18 Canal. In early 2004, the SFWMD installed seven groundwater monitor wells at five sites (PGAW01 
to PGAW05) located along the northern side of PGA Boulevard in the vicinity of the C-18 Canal (indicated 
by the pink dots in Figure 1). Although monitoring data has been collected from these wells since 
November 2005, it was never formally evaluated or documented in a separate report; however, these data 
have been analyzed and incorporated as part of this report. 

Subsequently, the City of Palm Beach Gardens along with the Northern Palm Beach County Improvement 
District (NPBCID) and the South Indian River Water Control District (SIRWCD) weighed in on the 
structure and its operational schedule.  Figure 4 shows the location of the two local Chapter 298 Districts 
that provide stormwater management and other necessary public services to the surrounding communities. 
The NPBCID to the east serves the residential developments of Old Marsh, East Point, Mirasol, and PGA 
National, while the SIRWCD to the north serves Palm Beach Country Estates. 

Although the results of the Taylor Engineering modeling effort were generally accepted, the NPBCID, 
SIRWCD, and City of Palm Beach Gardens expressed concerns with the proposed operational schedule for 
the structure, specifically what additional seepage might be expected with the elevated stages in the 
C-18 Canal and Loxahatchee Slough, and what effect the seepage might have on nearby developments. 
There also were concerns regarding whether increased seepage would occur through the northern and 
eastern SIRWCD berms that separate the Loxahatchee Slough from the Palm Beach Country Estates 
subdivision, potentially leading to a need to increase the discharge capability of the SIRWCD control 
structure. 
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Figure 4. Chapter 298 drainage districts and surrounding communities in the area of the G-160 

structure. 
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In response to these stakeholder concerns, the SFWMD entered into a four-party agreement with the 
SIRWCD, NPBCID, and City of Palm Beach Gardens in August 2005 (Appendix B), whereby the SFWMD 
agreed to maintain the G-160 stage at 15.0 feet NGVD in the wet season and 15.5 feet NGVD in the dry 
season for a period of 5 years. At the same time, a second 1-year agreement with the NPBCID was executed 
to assess the issues of concern and determine if specific mitigation measures were necessary to offset 
seepage-related impacts. With this second agreement, survey and geotechnical data related to roadways, 
berms, and facilities within the communities were collected. No specific conclusions were verified from 
the information collected prior to the expiration of the agreement, and the SFWMD opted to not modify the 
scope of the agreement or extend the agreement. 

In a February 2009 letter, the FDEP stated that the 2003 permit superseded the four-party agreement and 
directed the SFWMD to begin incrementally raising the headwater stage of the G-160 structure in 
compliance with the interim operating plan that was stipulated by the permit. The SFWMD indicated that 
G-160 headwater would be increased to 16.5 feet NGVD with the beginning of the 2009 wet season on 
June 1. Concerns were raised again by the two flood control districts and the City of Palm Beach Gardens 
regarding the possibility that the change in G-160 structure operations might result in adverse groundwater 
conditions that could impact nearby residential properties and municipal features. In response, the SFWMD 
agreed to install and monitor seepage wells adjacent to the communities for a period of at least 2 years 
following the increase in stage to determine if the concerns were valid. The representative agencies 
(SFWMD, NPBCID, SIRWCD, and City of Palm Beach Gardens) met over several months in late 2009 to 
determine the location and number of wells to be installed. As a result, 14 wells (yellow dots in Figure 1) 
were installed (six shallow/deep pairs at strategic locations near community boundaries north of PGA 
Boulevard, and two individual shallow wells in PGA National adjacent to the Loxahatchee Slough) by the 
SFWMD between January and March 2010. Data collection from the wells began in April 2010 and 
continued to mid-March 2013. This report documents the data collected as well as the analyses of shallow 
and deep groundwater gradients and their effects on the horizontal and vertical flow of groundwater. 

DESCRIPTION OF STUDY AREA 

Geographical 

The study area is located in northeastern Palm Beach County within the low-lying “sandy flatlands” 
physiographic province, which includes the Loxahatchee Slough north and south of PGA Boulevard and 
bisected by the C-18 Canal (Figure 1). The five stakeholder residential communities previously mentioned 
surround the area to the north and east while the Grassy Waters Preserve (formerly known as the West Palm 
Beach Water Catchment Area) is located to the south.  

Environmental 

The Loxahatchee Slough is a wide shallow channel of water that flows approximately 250 days per year. It 
provides drainage through historical strand swamp and peat soil swale systems. The Loxahatchee Slough 
is a regionally significant wetland, and along with the Grassy Waters Preserve and Hungryland Slough, 
forms the historic headwaters of the Loxahatchee National Wild and Scenic River. It is a mosaic of 
high-quality freshwater wetlands such as cypress swamps, marshes, and wet prairies, interspersed with pine 
flatwoods and hammocks (Foote 2014). 
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Hydrogeology 

The study area is covered by unconsolidated Holocene-aged surficial sands and shells that compose the 
upper portion of the surficial aquifer system (SAS) and range in thickness from 20 to 70 feet below land 
surface (bls). The areal extent of the sediments can be highly variable as a result of rapid shifts in 
depositional patterns vertically and horizontally. Locally, these surficial sediments can contain layers of 
clay, marl, and silt, which act as semi-confining intervals to downward flow of water from the unconfined 
water table toward deeper strata. 

Underlying the surficial sandy sediments are the Pleistocene-aged Anastasia Formation (coquina, shell, 
quartz sand, sandstone, and limestone), Caloosahatchee Marl (sandy marl, clay, quartz sand, and silt), and 
the Fort Thompson Formation (marine limestone, quartz sandstone, and grey limestone), which are also 
part of the SAS. These strata extend from 40 to 160 feet bls and contain a localized cavity-riddled limestone 
zone of high porosity and secondary permeability. This feature is somewhat persistent in the area of 
Florida’s Turnpike (SR 91) and has been referred to as the “Turnpike Aquifer” (Miller 1988). Several water 
utilities in the study area have installed water supply wellfields in this locally productive interval. 

Figure 5 shows test wells, lithologic cross-section lines, and the estimated zone of higher secondary 
permeability in eastern Palm Beach County. The A-A’ line runs along PGA Boulevard with wells PB-1085, 
PB-1084, and PB-1086 being of significant interest due to their proximity to the study area. Figure 6 shows 
the lithologic cross-section of A-A’, displaying the degree of variability that exists from west to east and 
the thickness of the zone of secondary permeability. 
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Figure 5. Map of eastern Palm Beach County showing locations of geologic test wells, lithologic 

cross-section lines, and estimated areal extent of the zone of higher secondary permeability 
(From: Swayze and Miller 1984). 
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Figure 6. Lithologic cross-section A-A’ through northern Palm Beach County from west to east along 

PGA Boulevard with PB-1085, PB-1084, and PB-1086 being key wells in the study area 
(From: Swayze and Miller 1984). 



10 

Rainfall and Evapotranspiration 

Descriptions and the graphics in Figure 7 of the regional rainfall and potential evapotranspiration (ETp) 
patterns for the main time period covered in this report (April 2010 to mid-March 2013) were extracted 
from the 2012 through 2014 editions of the South Florida Environmental Conditions Report. Local rainfall 
data for the three rain gauges in the study area (blue symbols in Figure 1) were obtained from DBHYDRO, 
which is the SFWMD’s environmental database. DBHYDRO stores current and historical hydrologic, 
meteorologic, hydrogeologic, and water quality data. 

During Water Year 2011 (WY2011), rainfall was below average throughout the District, the driest being 
Palm Beach County with a 21.28-inch rainfall deficit (Figure 7a). The WY2011 dry season 
(November 1, 2010 to April 30, 2011) was considered one of the driest on record. Northeastern Palm Beach 
County experienced below average rainfall (9.33, 9.47, and 9.62 inches) at the three rainfall recorders in 
the area (SIRG_R, C-18W_R, and S46_R, respectively). At this time, the period of record rainfall average 
for these three sites for the dry season was 16.01 inches. Monthly rainfall deficits between October 2010 
and May 2011 averaged 2.4 inches, with a maximum deficit of 4.73 inches occurring in October 2010. 
During that dry period, ETp far exceeded rainfall in Palm Beach County, as shown in Figure 7a. 

In the WY2012 wet season, rainfall did not increase until late June 2011 but remained high through October 
2011, which was unusually wet. However, during the WY2012 dry season (November 1, 2011 to 
April 30, 2012), Palm Beach County was the driest for the second year in a row compared to other areas in 
the SFWMD (Figure 7b) although not as extreme. The study area experienced below average rainfall (1.95, 
8.74, and 13.82 inches) at each of the three rainfall recorders. The dry season period of record rainfall 
average for the three sites was calculated at 14.66 inches. Regionally, ETp was higher than rainfall by 
5.46 inches, but much lower than it was in WY2011 (15.28 inches). 

In WY2013, following the two below-average rainfall years, hydrologic conditions in South Florida 
improved. Palm Beach County experienced above average rainfall and was subjected to extreme wet and 
flooding conditions from Tropical Storm Isaac in August 2012, which is reflected the WY2013 rainfall and 
ETp graph in Figure 7c. During the WY2013 dry season (November 1, 2012 to April 30, 2013), the study 
area experienced above average rainfall (24.2, 22.52, and 23.59 inches) at each of the rainfall recorders in 
the area. The dry season period of record rainfall average for these three sites at this time was 18.99 inches. 
ETp was slightly lower than rainfall by 0.42 inches, reflecting wetter conditions during this period. 
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a) 

 
b) 

 
c) 

 
Figure 7. Monthly rainfall and potential evapotranspiration (ETp) for Palm Beach County for WY2011, 

WY2012, and WY2013 (From: Abtew and Ciuca 2012, 2013, 2014). 



12 

MONITOR WELL CONSTRUCTION 

The SFWMD’s initial groundwater water investigation that started in early 2004 included the construction 
of seven groundwater monitor wells placed at five sites located parallel to PGA Boulevard. As mentioned 
previously, these wells were installed to monitor groundwater levels in response to concerns about the 
possible flooding of PGA Boulevard due to the G-160 structure coming online and are indicated on the map 
as pink dots in Figure 1. According to information obtained from DBHYDRO, the hollow stem auger 
drilling method was used to complete the boreholes for all seven wells. Additionally, all sites (PGA01W to 
PGA05W) have single wells constructed of 2-inch diameter polyvinyl chloride (PVC) to a total depth of 
15 feet and were screened from 13 to 15 feet. Two of the sites (PGA02W and PGA03W) have an additional 
well constructed of 2-inch PVC to a total depth of 45 feet and screened from 40 to 45 feet. Each well site 
was equipped with a data logger and pressure transducer connected to the District’s SCADA telemetry 
system, which provides real-time data that undergo quality assurance and quality control (QA/QC) by 
SFWMD staff and are uploaded to DBHYDRO. Monitoring information from the wells was used to 
document the change in groundwater elevations before and after the June 1, 2009 change in the G-160 
operations schedule. 

During March 2010, the District contracted with Earth Tech Drilling, Inc. to install 14 monitor wells at 
8 sites located east of the C-18 Canal as well as north and south of the G-160 structure (yellow dots in 
Figure 1). The wells were installed in the communities of PGA National and Old Marsh, along the 
SIRWCD canal berms south of Palm Beach Country Estates, and at one site along the C-18 Canal on the 
SFWMD right-of-way. Two of the eight sites (PGAN and PGAS) are single shallow wells, completed to a 
depth of 20 feet bls in the surficial sediments while the remaining six sites (NWB, NEB, EB, OMN, OMS, 
and C18P) consist of paired monitor wells, with one shallow well installed to 20 feet bls and a deeper well 
completed to 70 feet bls within the zone of secondary permeability. Table 1 provides the well names and 
general locations. 

Table 1. Well names and locations 

Well Name Number and Depth of 
Wells at Each Site Location Site Owner Drainage District 

PGAS 1-20’ PGA PGA NPBCID 
PGAN 1-20’ PGA PGA NPBCID 
OMS-S 
OMS-D 

1-20’ 
1-70’ Old Marsh Old Marsh NPBCID 

OMN-S 
OMN-D 

1-20’ 
1-70’ Old Marsh Old Marsh NPBCID 

EB-S 
EB-D 

1-20’ 
1-70’ Berm SIRWCD SIRWCD 

NEB-S 
NEB-D 

1-20’ 
1-70’ Berm SIRWCD SIRWCD 

NWB-S 
NWB-D 

1-20’ 
1-70’ Berm SIRWCD SIRWCD 

C18P-S 
C18P-D 

1-20’ 
1-70’ SFWMD ROW SFWMD N/A 

N/A = not applicable – no drainage district covers the area. 

The shallow wells were installed using hollow stem auger, and the deep wells were installed with a 
combination of hollow stem auger and mud-rotary methods according to ASTM standard practice D5092. 
Geologic samples were continuously collected at 2-foot intervals via a 2-foot split spoon for each deep 
borehole as it was drilled. Standard penetration rates were collected along with the split spoon samples. 
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Logs with the lithologic descriptions are provided in Appendix C. After attaining the desired depth, the 
well screen and casing were installed inside the drill pipe.  

The wells were constructed with Schedule 40 PVC Tri-Loc riser pipe and screens. The shallow well screens 
consisted of 2-foot sections of 0.010-inch machine-slotted PVC screen. The deep well screens consisted of 
10-foot sections of 0.010-inch machine-slotted PVC screen. The wells were completed above the screens 
with solid Schedule 40 PVC riser pipe. All well casings and screen joints were connected with threaded 
connections and manufacturer-supplied “O” rings, cleaned, and sealed in plastic at the factory. 

A filter pack of 6/20 silica sand was emplaced in the annual space around the well screen of each well using 
the tremie method. This silica sand was appropriate for the well slot size selected for the wells and also for 
the surrounding formation. The filter pack extended 3 feet above the top of the screen after well 
development. In the deep wells, the filter pack extended from 57 to 70 feet bls. In the shallow wells, the 
filter pack extended from 15 to 20 feet bls. Two feet of bentonite pellets were placed above the filter pack 
in each well and hydrated to provide a seal between the filter pack and the cement grout. The remaining 
annular space in each well was filled with neat cement to land surface. Construction diagrams of each of 
the wells are in Appendix D, and a well construction table that includes horizontal and vertical nomographs 
as well as survey information is provided in Appendix E. 

Each monitor well was purged for a period of 30 to 45 minutes with a centrifugal pump to stabilize the 
water quality parameters and remove all visible particulate matter from the formation waters. Development 
water from each well was discharged onto the ground in the vicinity of the wells. 

All wells were recessed below the grade of the surrounding land and enclosed in a “meter”-type protective 
boxes with bolt-down lids. The boxes were made of cast iron, dipped in primer, and painted with Rustoleum 
before installation to prevent corrosion. The well recesses have two 0.5-inch diameter drain holes, placed 
180° apart, to prevent the accumulation of excess water. Each well was completed and sealed at the surface 
with a 30 × 30 × 6-inch rebar-reinforced “flush-mounted” cement pad that slopes slightly away from the 
well. Each of the wells was surveyed for spatial coordinates along with ground surface and top-of-casing 
elevations relative to 1929 NGVD and 1988 NAVD (Appendix E). Because the monitoring was to be short 
in duration, the wells were instrumented with temporary data loggers and pressure transducers that could 
collect groundwater data and be downloaded manually on a monthly basis instead of having permanently 
installed equipment connected to the SCADA telemetry system. In the event any of the well are designated 
to connect to SCADA in the future, each well station contains a 1-inch 90° elbow of gray electrical conduit 
that extends 1 inch above the concrete and several inches below and beyond the side of the concrete to 
accommodate necessary cabling. 

GROUNDWATER ELEVATION RESPONSES TO CHANGES IN 
G-160 STRUCTURE OPERATIONS  

From August 2005 through May 2009, the SFWMD maintained the G-160 stage at 15.0 and 15.5 feet 
NGVD (wet and dry season levels, respectively) according to the four-party agreement. However, on 
June 1, 2009, the G-160 structure headwater stage was raised to 16.5 feet NGVD and, provided enough 
water was available, has been maintained at that level since, as envisioned in the design of the structure and 
according to the 2003 FDEP permit requirements.  

The wells (PGAW01 to PGAW05) that were constructed along PGA Boulevard east and west of the 
C-18 Canal and upstream of the G-160 structure in 2004, were instrumented with continuous real-time 
recorders in November 2005 allowing groundwater level data to be captured prior to and after the change 
in the operating schedule. Figure 8 is a composite hydrograph showing groundwater elevations in the PGA 
Boulevard wells compared to the G-160 headwater and tailwater stages, along with rainfall before and after 
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the change to the higher operating stage in June 2009. Daily averages of groundwater levels, stages, and 
rainfall were used for analyses. It can be seen that throughout the time period from November 2005 to 
March 2013 (with the exception of August 2013 during and immediately following Tropical Storm Isaac), 
there was little change in groundwater elevations at PGAW04 and PGAW05, even after raising the 
G-160 headwater stage in June 2009. Maximum elevations in PGAW02 and PGAW03 increased less than 
a foot following the change in operations but tended to converge with PGAW04 and PGW05 elevations 
and closely track the G-160 headwater stage, never exceeding maximum historical water levels. Before the 
schedule change there was considerably more variation in the water levels of these four wells. It was also 
observed that groundwater levels in PGAW01, located approximately 1 mile east of the C-18 Canal and 
within the residential areas, generally were above the G-160 headwater stage prior to June 2009 but mostly 
have been below the headwater stage during the wet seasons and above it during the dry seasons since that 
time. Overall, the levels at PGAW01 do not appear to have significantly increased over the 6- to 7-year 
time period. 

Groundwater elevation data collected from the 14 new wells installed as part of this study between January 
and March 2010 are only available after the June 2009 operational schedule change. The data were collected 
from each of the wells and graphed in daily averages along with G-160 headwater and tailwater stage and 
rainfall data for the period April 6, 2010 to March 14, 2013, resulting in the composite hydrographs 
provided in Figures 9 and 10. Both hydrographs show the response of groundwater elevations to the 
extended period of below-normal rainfall (drought) from October 2010 to June 2011, and to the above-
normal rainfall due to the Tropical Storm Isaac event in August 2012. Figure 9 shows the groundwater 
elevations of wells EB, NEB, NWB, PGAN, and PGAS, which tended to fall below the G-160 headwater 
stage and above the tailwater stage during periods of high rainfall. Well clusters EB, NEB, and NWB are 
located in the northern portion of the study area; the PGAS and PGAN wells are found in southern portion 
(Figure 1). During this timeframe, groundwater levels in the PGAS and PGAN wells generally were higher 
than those of the EB, NEB, and NWB wells except at times of higher than normal rainfall events when well 
cluster EB levels occasionally spiked above the headwater stage elevation. Well cluster EB is close to the 
central portion of the study area where groundwater levels behaved differently than in the northern and 
southern portions. 

The hydrograph in Figure 10 includes groundwater elevation data for wells OMN, OMS, and C18P, all of 
which are located in the central portion of the study area and west of, but between, the two regional 
wellfields (Figure 1). In these three well clusters, with a few minor exceptions, groundwater elevations 
consistently were above the G-160 headwater stage and tracked each other closely. OMN and OMS 
elevations, which may have been impacted by water pumping off the Old Marsh development by local 
permittees, displayed a more erratic pattern during higher rainfall events than those in the C18P wells 
located near the C-18 Canal. Overall, groundwater levels in the central portion of the study area seem to 
have been higher than those in the northern and southern portions, suggesting that the latter two areas might 
have been subjected to more drawdown from regional wellfield activity. 
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Figure 8. Changes in groundwater elevations of PGA Boulevard wells compared to changes in G-160 headwater and tailwater stages before and 

after June 2009 (November 2005 to March 2013). 

0

1

2

3

4

5

6

7

6

8

10

12

14

16

18

20

3 30272319181411 7 4 312723201613 9 5 4 312724201713 9 6 2 292622181612 9 5 2 292521181411 7 3 2 292522181511 7 4 31272420161511 8 4 1 282420171310 6 2 1 282421171410 6 3 302623191513 9 6 2 292622181511 8 4 3127

11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3

2005 2006 2007 2008 2009 2010 2011 2012 2013

Ra
in

fa
ll 

in
 In

ch
es

W
at

er
 E

le
va

tio
n 

in
 F

ee
t (

N
GV

D 
19

29
)

Date

Groundwater Elevations in PGA Blvd. Wells Compared with G-160  Headwater/Tailwater and Rainfall 
November 2005 to March 2013

G160_H G160_T PGAW01 PGAW02D PGAW02S PGAW03D PGAW03S PGAW04 PGAW05 C18W_R SIRG S46_R

G-160 Operation Schedule 
Change

Tropical Storm
Isaac

WY2011 WY2012 WY2013

Drought



16 

 
Figure 9. Composite hydrograph comparing G-160 headwater/tailwater, rainfall, and groundwater elevations for wells EB, NEB, NWB, PGAN, 

and PGAS. Groundwater elevations for these wells generally fall between G-160 headwater and tailwater elevations. 
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Figure 10. Composite hydrograph of G-160 headwater/tailwater, rainfall, and groundwater elevations for wells OMN, OMS, and C18P. 

Groundwater elevations in these wells generally fall above the G-160 headwater elevation. 
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HORIZONTAL AND VERTICAL HYDRAULIC GRADIENTS 

Groundwater level data from the six well clusters shown in Figure 11 were analyzed and graphed to 
determine horizontal and vertical hydraulic gradients, which are the driving force for groundwater flow and 
vary spatially and temporally in groundwater systems. The gradient direction indicates the potential for 
groundwater to flow in that direction. The horizontal gradients were compared to average monthly rainfall 
to determine if extreme weather events or surface water management operations have affected groundwater 
levels and flow. The provided equations are standard methodologies used for computing horizontal and 
vertical hydraulic gradients when analyzing groundwater (Todd 1980). 

 
Figure 11. Location of 2010 monitor well clusters used to analyze horizontal and vertical gradients. 
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Horizontal Groundwater Flow 

In order to determine the relative horizontal flow of groundwater in the study area, gradients were calculated 
between four different pairs of well clusters. Shallow wells were compared to shallow wells and deep wells 
were compared to deep wells using the following equation: 

i (horizontal) = �(ℎ1 – ℎ2)
∆𝑙𝑙

�  

Where:   i (horizontal) = horizontal hydraulic gradient (unitless) 

h1 = hydraulic head at well one (feet NGVD) 

h2 = hydraulic head at well two (feet NGVD) 

∆l = horizontal distance between the two wells (feet) 

A positive value for i(horizontal) indicates flow from well one towards well two. The well pairs used in 
analyzing horizontal flow direction are listed in Table 2. Graphs of the water levels and gradients at shallow 
and deep monitor zones are provided in Appendix F.  

Table 2. Well pairs used for analyzing horizontal hydraulic gradient. 

Well One Well Two Distance Between Wells (ft) Predominant Flow Direction 
NWB-S NEB-S 6,923 West 
NWB-D NEB-D 6,934 West 
C18P-S EB-S 12,424 Northeast 
C18P-D EB-D 12,429 Northeast 
NEB-S OMS-S 11,023 North 
NEB-D OMS-D 11,023 North 
C18P-S OMS-S 5,018 West 
C18P-D OMS-D 5,021 West 

D = deep well; S = shallow well. 

The horizontal hydraulic gradient between the NWB and NEB well clusters was from east to west according 
to the hydrographs for the shallow and deep flow regimes. For the C-18P and EB well clusters, the gradient 
pattern was more complex. While flow was predominantly from southwest to northeast, there were brief 
reversals in flow direction between the two stations at shallow and deep levels, with the effect more 
pronounced in the shallow flow zone. The horizontal hydraulic gradient between the OMS and NEB well 
clusters in both flow zones was distinctly from south to north during the wet and dry seasons. Between the 
C18P and OMS well clusters, the horizontal hydraulic gradient was predominantly from east to west toward 
the C-18 Canal, possibly due to surface water operations. There were brief occasions in the shallow and 
deep zones when the gradient was reversed, particularly during drier periods, which suggests some periodic 
influence from the nearby wellfields. 

Because the horizontal gradients were calculated using only two wells at a time, flow directions are 
considered approximate. Overall, a horizontal groundwater flow gradient from east to west was measured 
in the northern portion of the study area, possibly influenced by the SIRWCD Canal E bordering the study 
area on the north, as well as in the area just south of the Old Marsh development where surface water 
management practices may have facilitated groundwater flow to the west toward the C-18 Canal. A south 
to north/northeast flow was observed in the interior portion of the study area. The northerly flow between 
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the OMS and NEB well clusters as well as the northeasterly flow between the C18P and EB well clusters 
could have been influenced by the proximity of the Town of Jupiter’s public water supply wellfield; 
however, the flow direction also is consistent with historical flow from the Loxahatchee Slough to the 
headwaters of the Loxahatchee River. 

Vertical Groundwater Flow 

The vertical groundwater flow within five well clusters were analyzed using the following equation: 

i (vertical) = �(ℎ𝑠𝑠−ℎ𝑑𝑑
𝑧𝑧𝑧𝑧−𝑧𝑧𝑧𝑧

� 

Where:   i (vertical) = vertical hydraulic gradient (unitless) 

hs = hydraulic head at the shallower well (feet NGVD) 

hd = hydraulic head at the deeper well (feet NGVD) 

zs = vertical elevation of the top of the shallower well screen (feet NGVD) 

zd = vertical elevation of the top of the deeper well screen (feet NGVD) 

A positive value for i(vertical) indicates that the flow of water is downward, from shallow to deep, which 
typically is characteristic of recharge areas; a negative value indicates groundwater flow is upward, 
characteristic of discharge areas. The groundwater level data, along with the vertical separation between 
the two screen depths, from the five well pairs listed in Table 3 were used to calculate the vertical hydraulic 
gradient at each site. Graphs of the results are provided in Appendix F. 

Table 3. Wells used for vertical gradient calculations and their corresponding screen distances. 

Shallow Well Deep Well Vertical Distance Between Top 
of Screens (ft) Predominant Flow Direction 

OMS-S OMS-D 40.84 Down 
EB-S EB-D 41.44 Down 

NEB-S NEB-D 42.38 Up 
NWB-S NWB-D 42.03 Down 
C18P-S C18P-D 39.72 Up 

 

At station OMS, the vertical gradient was consistently downward, with increasing positive gradients during 
the wet season periods. The vertical gradient in the EB well cluster oscillated between upward flow and 
downward flow from April through September 2010, but was primarily downward from October 2010 
through March 2013 except for an unusually prominent upward gradient during a high rainfall period from 
mid-June to mid-July 2011. The vertical gradient at the NEB well cluster was primarily upward, suggesting 
strong influence from the nearby Town of Jupiter wellfield and possibly surface water management 
operations on the adjacent SIRWCD Canal E; however, from early April through June 2011, the gradient 
reversed and flow was slightly downward. 

The NWB well cluster gradient appears to have been mostly flat and moderately downward throughout the 
study period except during portions of the three wet seasons (e.g., the end of August 2012 during Tropical 
Storm Isaac) when upward gradients were observed as a possible result of surface water operations for 
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flood control. There was a period of more prominent downward vertical gradient during the dry season 
from January through mid-May 2012 and on August 31, 2012 following Tropical Storm Isaac.  

At C18P, the vertical gradient was primarily upward, most prominently during the extended drought period 
from October 2010 through June 2011 as well as during the following dry season from January to mid-June 
2012. The upward gradients correspond to the lower headwater stage elevations recorded for the 
G-160 structure, which promoted groundwater discharge to the canal. As subsequent rainy seasons took 
hold, the flow fluctuated moderately between upward and downward gradients, with rising canal stages 
periodically recharging the nearby groundwater.  

Overall, throughout most of the study area, groundwater moved downward from shallow to deep portions 
of the aquifer during both wet and dry periods. The exceptions to this were seen in the well clusters at C18P 
and NEB, where upward groundwater flow seemed to be prevalent. This may have been hydraulically 
influenced by the rising and falling stage levels in the adjacent C-18 and SIRWCD E canals, and in the case 
of NEB, by pumpage from the Town of Jupiter wellfield. Additionally, vertical gradients tended to be 
steeper and more variable than horizontal gradients by one to two orders of magnitude, indicating that 
groundwater levels and flows in the study area are influenced primarily by a combination of rainfall, surface 
water management operations, and wellfield withdrawals. 

Average Monthly Rainfall and Horizontal Gradients 

Appendix F includes graphs of average monthly rainfall compared to the horizontal gradients of the same 
four well cluster pairs listed in Table 2. The horizontal gradients for the first three well pairs (NWB and 
NEB; C18P and EB; and OMS and NEB) for the shallow and deep zones tended to be relatively flat in 
magnitude (whether negative or positive) over the course of the study period and showed relatively little 
change between the wet and dry seasons. This indicates that overall groundwater levels have remained 
steady and have not been significantly impacted by extreme rainfall events, which were possibly moderated 
by surface water management operations and pumpage from the Town of Jupiter wellfield to the east. The 
shallow and deep hydraulic gradients that appeared between well pairs C18P/EB and OMS/NEB were more 
variable and fluctuated more widely in magnitude between wet and dry periods. The gradient between the 
two well clusters was more prominent during the prolonged drought period that occurred from October 
2010 through June 2011 than those for the other three well pairs. The erratic pattern may have been the 
result of surface water pumping by individual permittees during heavy rainfall events in order to move 
water off the Old Marsh property. 

SUMMARY 

Despite concerns raised by stakeholders that the installation of the G-160 structure and its subsequent 
operations would impact the area’s groundwater levels, the data collected and analyzed for this study 
demonstrated that groundwater conditions have been unaffected and have not increased to adverse levels. 

Data obtained from the PGA Boulevard wells (PGAW01 to PGAW05) from November 2005 to March 2013 
showed that groundwater elevations changed very little, even after the G-160 headwater stage was raised 
in June 2009, and never exceeded maximum historical water levels over this 6- to 7-year time period. 
Starting in April 2010, the groundwater elevations recorded from the well clusters EB, NEB, and NWB in 
the northern portion of the study area and wells PGAN and PGAS in the southern portion, tended to remain 
below the G-160 headwater stage but above the tailwater stage during periods of high rainfall. However, 
data from the three well clusters located in the more central portion of the study area (OMN, OMS and 
C18P) show that groundwater elevations consistently were above the G-160 headwater stage during the wet 
and dry seasons. The groundwater levels in this area generally were higher than those in the northern and 
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southern portions suggesting that the latter two areas were subjected to more drawdown from the regional 
wellfield activity to the east. 

Overall, the observed horizontal groundwater flow direction was from east to west in the northernmost 
portion of the study area, possibly influenced by the east-west trending SIRWCD’s Canal E, as well as in 
the area just south of the Old Marsh development where surface water management practices appear to 
have facilitated groundwater flow to the west toward the C-18 Canal – away from the residential areas to 
the east. A south to north/northeast flow was observed in the wells located in interior portion of the study 
area, which may have been influenced by the proximity of the Town of Jupiter’s public water supply 
wellfield or consistent with the historical flow from the Loxahatchee Slough to the headwaters of the 
Loxahatchee River. 

Throughout most of the study area, groundwater has moved predominantly downward from the shallow to 
deep portions of the aquifer during both wet and dry periods. The exceptions to this were observed in the 
well clusters at C18P and NEB, where upward groundwater flow tended to be prevalent. This may have 
been influenced hydraulically by the rising and falling stage levels in the adjacent C-18 and SIRWCD E 
canals, respectively, and in the case of NEB, by pumpage from the Town of Jupiter wellfield. Because of 
strong influences from rainfall, surface water management practices, and wellfield pumpage, vertical 
groundwater gradients have tended to be steeper and more variable over time compared to horizontal 
groundwater gradients. 

Future analyses could include continuing to review the data being generated from the active PGA Boulevard 
well series which are on the SCADA system to further monitor the influence of G-160 operations, rainfall, 
and wellfield effects on the local groundwater flow regime. Public water supply pumpage data also could 
be examined to determine how much influence wellfield withdrawals are having on groundwater levels in 
the area. 
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Surface soil/fill, pale yellowish brown (10YR
6/2), quartz fine to medium-grained,
sub-rounded; organic material; 5% shell
fragments.

Surface soil/fill, pale yellowish brown (10YR
6/2), quartz fine to medium-grained,
sub-rounded; organic material; 15% shell
fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded;
trace organic material; 15% shell fragments.

Sand, dusky yellowish brown (10YR 2/2),
quartz fine to medium-grained, sub-rounded;
organic material.

Sand, dusky yellowish brown (10YR 2/2),
quartz fine to medium-grained, sub-rounded;
organic material; trace shell fragments.

Sand, dusky yellowish brown (10YR 2/2)/pale
yellowish brown (10YR 6/2), quartz fine to
medium-grained, sub-rounded; organic
material; 30% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
trace organic material; 40% shell fragments.

Sand, dark yellowish orange (10YR
6/6)/moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded;
trace organic material; trace shell fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz fine to medium-grained, sub-rounded;
15% shell fragments.

Sand, dark yellowish orange (10YR
6/6)/moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded.
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PROJECT NO./NAME LOCATION

DRILLING CONTRACTOR/DRILLER

LENGTH

03/31/10-03/31/10

GEOLOGIST/OFFICE

4-1/4 Bullet

X NO MAT.YES

SIZE/TYPE OF BIT

Earth Tech Drilling/Paul Lemenze

Brian Collins/SFWMD, West Palm Beach, Florida

Mobile B-59/Hollow Stem Auger

BORING/WELL LOCATION SKETCH MAP
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Test case

Really hard

Lost my shoe in
the hole

Sand, dark yellowish orange (10YR
6/6)/moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
trace organic material.

Sand, moderate yellowish brown (10YR
5/4)/dark yellowish brown (10YR 4/2), quartz
fine to medium-grained, sub-rounded.

Sand, moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded.

Sand, moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded.

Sand, moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded;
trace shell fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded;
trace shell fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded.

Sand, moderate yellowish brown (10YR
5/4)/dark yellowish brown (10YR 4/2), quartz
fine to medium-grained, sub-rounded.

Sand, dark yellowish brown (10YR 4/2),
quartz fine to medium-grained, sub-rounded.

Limestone, medium gray (N5); sand, light
olive gray (5Y 5/2), quartz, fine to
medium-grained, sub-rounded.

Limestone, medium gray (N5); sand, light
olive gray (5Y 5/2), quartz, fine to
medium-grained, sub-rounded.

Limestone, medium gray (N5); sand, light
olive gray (5Y 5/2), quartz, fine to
medium-grained, sub-rounded.

Limestone, medium gray (N5); sand,
yellowish gray (5Y 7/2), quartz, fine to
medium-grained, sub-rounded.

Limestone, medium gray (N5); sand,
yellowish gray (5Y 7/2), quartz, fine-grained,
sub-rounded.
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Limestone, medium gray (N5); sand,
yellowish gray (5Y 7/2), quartz, fine-grained,
sub-rounded; trace shell fragments.

Limestone, medium gray (N5); sand,
yellowish gray (5Y 7/2), quartz, fine-grained,
sub-rounded.

Limestone, medium gray (N5); sand,
yellowish gray (5Y 7/2), quartz, fine-grained,
sub-rounded.

Limestone, medium gray (N5); sand,
yellowish gray (5Y 7/2), quartz, fine-grained,
sub-rounded.

Limestone, medium gray (N5); sand, pale
yellowish brown (10YR 6/2), quartz,
fine-grained, sub-rounded.

Limestone, medium gray (N5); poor recovery.

Limestone, medium gray (N5); sand, pale
yellowish brown (10YR 6/2), quartz,
fine-grained, sub-rounded; 15% shell
fragments.

Limestone, medium gray (N5); sand, pale
yellowish brown (10YR 6/2), quartz,
fine-grained, sub-rounded; 15% shell
fragments.

Limestone, medium gray (N5); sand,
yellowish gray (5Y 8/1), quartz, fine-grained,
sub-rounded; 10% shell fragments.

Limestone, medium gray (N5); sand,
yellowish gray (5Y 8/1), quartz, fine-grained,
sub-rounded; 10% shell fragments.
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Surface soil, dusky yellowish brown (10YR
2/2), fine-grained, sub-rounded; organic
material.

Surface soil, dusky yellowish brown (10YR
2/2), fine-grained, sub-rounded; organic
material.

Surface soil, dusky yellowish brown (10YR
2/2), fine-grained, sub-rounded; organic
material.

Sand, dusky yellowish brown (10YR 2/2),
fine-grained, sub-rounded; organic material.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine-grained, sub-rounded; organic
material.

Sand, dark yellowish orange (10YR 6/6),
quartz, fine-grained, sub-rounded; trace
organics.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine-grained, sub-rounded; organic
material.

Sand, dark yellowish brown (10YR 4/2),
quartz, medium-grained, sub-rounded; 20%
shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, medium-grained, sub-rounded; 30%
shell fragments.
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GW SURFACE

All vertical elevations in 1929 NGVD

0.010
DATE

(FT. ABOVE M.S.L.)

GROUND SURFACE
Slotted PVC

-39.4/-49.4

Palm Beach Gardens, Florida

CASING MAT./DIA. SCREEN:

10 2

SPT
SAMPLING METHOD START/FINISH DATE

WELL INSTALLED?

TYPE

Concrete around pipe Bentonite Pellets Fine Sand with Slotted Pipe

TOP OF WELL CASING

G-160 GW-SW Study

DIA. SLOT SIZE
ELEVATION OF:

PVC/2
TOP & BOTTOM SCREEN

TEST BORING LOG

20.6 20.6
REMARKS:

DRILLING EQUIPMENT/METHOD

PROJECT NO./NAME LOCATION

DRILLING CONTRACTOR/DRILLER

LENGTH

03/24/10-03/24/10

GEOLOGIST/OFFICE

4-1/4 Bullet

X NO MAT.YES

SIZE/TYPE OF BIT

Earth Tech Drilling/Paul Lemenze

Brian Collins/SFWMD, West Palm Beach, Florida

Mobile B-59/Hollow Stem Auger

BORING/WELL LOCATION SKETCH MAP
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Sand, dark yellowish brown (10YR 4/2),
quartz, medium-grained, sub-rounded; 20%
shell fragments.

Sand, dusky yellowish brown (10YR 2/2),
quartz, medium-grained, sub-rounded; 20%
shell fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, medium-grained, sub-rounded; 20%
shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine to medium-grained, sub-rounded;
15% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments.

Marl, white; sand, white (N9), quartz, very
fine to fine-grained, sub-rounded; >5% shell
fragments.

Sand, light olive gray (5Y 6/1), quartz, fine to
medium-grained, sub-rounded; 5% shell
fragments; 5% sandstone, light olive gray (5Y
6/1).

Sand, light olive gray (5Y 6/1), quartz, fine to
medium-grained, sub-rounded; 5% shell
fragments; 5% sandstone, light olive gray (5Y
6/1).

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
5% shell fragments; 10% sandstone, dark
yellowish brown (10YR 4/2).

Sand, pale yellowish gray (5Y 8/1), quartz,
fine to medium-grained, sub-rounded; 5%
shell fragments; 15% sandstone, pale
yellowish gray (5Y 8/1).

Sand, pale yellowish gray (5Y 8/1), quartz,
fine to medium-grained, sub-rounded; 5%
shell fragments; 15% sandstone, pale
yellowish gray (5Y 8/1).

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
>5% shell fragments; trace sandstone, olive
gray (5Y 4/1).

Sand, pale yellowish brown (10YR 6/2) to
light olive gray (5Y 5/2), quartz, fine to
medium-grained, sub-rounded; trace shell
fragments.

22.0

24.0

26.0

28.0

30.0

32.0

34.0

36.0

38.0

40.0

42.0

44.0

46.0

48.0

50.0

1/1/1/1
2

1/1/2/2
3

1/2/2/2
4

2/2/2/2
4

1/1/1/1
2

2/2/3/4
5

1/2/2/2
4

2/4/7/12
11

8/9/10/12
19

7/12/14/15
26

10/12/12/10
24

6/6/7/8
13

9/12/15/31
27

24/25/21/25
46

12/15/15/17
30

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

30

35

40

45

P
en

et
ra

tio
n

R
es

is
ta

nc
e

B
lo

w
s/

6"
N

-V
al

ue

U
ni

fie
d

C
la

ss
ifi

ca
tio

n

G
ra

ph
ic

Li
th

o 
Lo

g

Page of 3

LOG OF TEST BORING

T
yp

e 
&

R
ec

ov
er

y
2

Sample

N
um

be
r

REMARKS

E-BERM

 SPT N VALUE 
20 40 60 80

DESCRIPTION

BORING/WELL NO.

W
el

l
C

on
st

ru
ct

io
n

D
ep

th
 (

ft)

SFWMD

 / Fax

T
E

S
T

 B
O

R
IN

G
 L

O
G

 W
IT

H
 S

P
T

 N
 V

A
LU

E
S

  G
-1

60
 G

W
-S

W
 S

T
U

D
Y

.G
P

J 
 S

F
W

M
D

.G
D

T
  0

7/
1

2/
13



Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
10% sandstone, dark yellowish brown (10YR
4/2).

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
trace shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
5% shell fragments; 10% sandstone, light
olive gray (5Y 5/2).

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
trace shell fragments; 5% sandstone, light
olive gray (5Y 5/2).

Sand, very pale orange (10YR 8/2), quartz,
fine to course-grained, sub-rounded; 40%
shell fragments

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to course-grained, sub-rounded;
40% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to course-grained, sub-rounded;
40% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to course-grained, sub-rounded;
30% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
15% shell fragments.
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Surface soil/fill, dark yellowish brown (10YR
4/2), quartz fine to medium-grained,
sub-rounded; organic material; 30% shell
fragments.

Surface soil/fill, dark yellowish brown (10YR
4/2), quartz fine to medium-grained,
sub-rounded; organic material; 30% shell
fragments.

Surface soil/fill, pale yellowish brown (10YR
6/2), quartz fine to medium-grained,
sub-rounded; trace organic material.

Surface soil/fill, moderate yellowish brown
(10YR 5/4), quartz fine to medium-grained,
sub-rounded; trace organic material.

Surface soil/fill, brownish black (5YR 2/1),
quartz fine to medium-grained, sub-rounded;
trace organic material.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
30% shell fragments.

Sand, yellowish gray (5Y 7/2), quartz, fine to
medium-grained, sub-rounded; 20% shell
fragments.

Sand, yellowish gray (5Y 7/2), quartz, fine to
medium-grained, sub-rounded; 10% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, medium-grained, sub-rounded; 30%
shell fragments; trace sandstone, moderate
yellowish brown (10YR 5/4).

Clayey sand, dark yellowish brown (10YR
4/2), quartz, medium-grained, sub-rounded;
30% shell fragments.
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GW SURFACE

All vertical elevations in 1929 NGVD

0.010
DATE

(FT. ABOVE M.S.L.)

GROUND SURFACE
Slotted PVC

-39.9/-49.9

Palm Beach Gardens, Florida

CASING MAT./DIA. SCREEN:

10 2

SPT
SAMPLING METHOD START/FINISH DATE

WELL INSTALLED?

TYPE

Concrete around pipe Bentonite Chips Fine Sand with Slotted Pipe

TOP OF WELL CASING

G-160 GW-SW Study

DIA. SLOT SIZE
ELEVATION OF:

PVC/2
TOP & BOTTOM SCREEN

TEST BORING LOG

20.2 20.15
REMARKS:

DRILLING EQUIPMENT/METHOD

PROJECT NO./NAME LOCATION

DRILLING CONTRACTOR/DRILLER

LENGTH

03/25/10-03/25/10

GEOLOGIST/OFFICE

4-1/4 Bullet

X NO MAT.YES

SIZE/TYPE OF BIT

Earth Tech Drilling/Paul Lemenze

Brian Collins/SFWMD, West Palm Beach, Florida

Mobile B-59/Hollow Stem Auger

BORING/WELL LOCATION SKETCH MAP
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Sand, very pale orange (10YR 8/2), quartz
and calcareous, medium-grained,
sub-rounded; 40% shell fragments;
sandstone, calcite cemented.

Sand, very pale orange (10YR 8/2), quartz
and calcareous, fine-grained, sub-rounded;
50% shell fragments; shell hash, calcite
cemented.

Sand, very pale orange (10YR 8/2), quartz
and calcareous, medium-grained,
sub-rounded; 40% shell fragments; shell
hash, calcite cemented.

Sand, very pale orange (10YR 8/2), quartz
and calcareous, medium-grained,
sub-rounded; 20% shell fragments; shell
hash, calcite cemented.

Sand, very pale orange (10YR 8/2), quartz
and calcareous, medium-grained,
sub-rounded; 40% shell fragments; shell
hash, calcite cemented.

Sand, pale yellowish brown (10YR 6/2),
quartz and calcareous, medium-grained,
sub-rounded; 40% shell fragments;
sandstone, pale yellowish brown (10YR 6/2).

Sand, pale yellowish brown (10YR 6/2),
quartz and calcareous, medium-grained,
sub-rounded; 40% shell fragments;
sandstone, pale yellowish brown (10YR 6/2).

Sand, pale yellowish brown (10YR 6/2),
quartz and calcareous, medium-grained,
sub-rounded; 40% shell fragments;
sandstone, pale yellowish brown (10YR 6/2).

Sand, light olive gray (5Y 5/2), quartz, fine to
medium-grained, sub-rounded; 15% shell
fragments; sandstone, light olive gray (5Y
6/1).

Sand, pale yellowish brown (10YR 6/2),
quartz, medium-grained, sub-rounded; 20%
shell fragments; sandstone, light olive gray
(5Y 6/1).

Sand, moderate yellowish brown (10YR 6/6),
quartz, fine-grained, sub-rounded; 10% shell
fragments.

Sand, moderate yellowish brown (10YR 6/6),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine to medium-grained, sub-rounded;
5% shell fragments.

Limestone, light gray (N7); sand, pale
yellowish brown (10 YR 6/2), quartz, fine to
medium-grained, sub-rounded; 30% shell
fragments.

Limestone, light gray (N7); sand, pale
yellowish brown (10 YR 6/2), quartz, fine to
medium-grained, sub-rounded; 40% shell
fragments.
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Limestone, light olive gray (5 Y 5/2); sand,
light olive gray (5 Y 5/2), quartz, fine to
medium-grained, sub-rounded.

Limestone, light olive gray (5 Y 5/2); sand,
light olive gray (5 Y 5/2), quartz, fine to
medium-grained, sub-rounded.

Limestone, light olive gray (5 Y 5/2); sand,
light olive gray (5 Y 5/2), quartz, fine to
medium-grained, sub-rounded.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
15% shell fragments; 5% sandstone, light
olive gray (5Y 6/1).

Clayey sand, pale yellowish brown (10YR
6/2), quartz, fine to medium-grained,
sub-rounded; 20% shell fragments.

Clayey sand, pale yellowish brown (10YR
6/2), quartz, fine to medium-grained,
sub-rounded; 10% shell fragments.

Clayey sand, pale yellowish brown (10YR
6/2), quartz, fine to medium-grained,
sub-rounded; 10% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
15% shell fragments; 15% sandstone,
yellowish gray (5Y 8/1).

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments; 15% sandstone,
yellowish gray (5Y 8/1).

Limestone, medium light gray (N6); sand,
yellowish gray (5 Y 8/1), quartz, fine -grained,
sub-rounded.
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Surface soil/fill, pale yellowish brown (10YR
6/2), quartz fine to medium-grained,
sub-rounded; organic material; trace shell
fragments.

Surface soil/fill, pale yellowish brown (10YR
6/2), quartz fine to medium-grained,
sub-rounded; organic material; 15% shell
fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
organic material; 10% shell fragments.

Sand, grayish orange (10YR 7/4), quartz fine
to medium-grained, sub-rounded; trace
organic material; 10% shell fragments.

Sand, grayish orange (10YR 7/4)/dusky
yellowish brown, quartz fine to
medium-grained, sub-rounded; trace organic
material; 15% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
40% shell fragments.

Clayey sand, dark yellowish brown (10YR
4/2), quartz fine to medium-grained,
sub-rounded; organic material; 15% shell
fragments.

Sand, olive gray (5Y 3/2), quartz fine to
medium-grained, sub-rounded; 40% shell
fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
15% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
20% shell fragments.
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TYPE

Concrete around pipe Bentonite Chips Fine Sand with Slotted Pipe

TOP OF WELL CASING

G-160 GW-SW Study

DIA. SLOT SIZE
ELEVATION OF:

PVC/2
TOP & BOTTOM SCREEN

TEST BORING LOG

18.4 18.41
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DRILLING EQUIPMENT/METHOD

PROJECT NO./NAME LOCATION

DRILLING CONTRACTOR/DRILLER

LENGTH

03/29/10-03/29/10

GEOLOGIST/OFFICE

4-1/4 Bullet

X NO MAT.YES

SIZE/TYPE OF BIT

Earth Tech Drilling/Paul Lemenze

Brian Collins/SFWMD, West Palm Beach, Florida

Mobile B-59/Hollow Stem Auger

BORING/WELL LOCATION SKETCH MAP
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Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
trace shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
trace shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
10% shell fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded;
trace shell fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz fine to medium-grained, sub-rounded;
trace shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
trace shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz fine to medium-grained, sub-rounded;
10% shell fragments.

Sand, dusky brown (5YR 2/2), quartz fine to
medium-grained, sub-rounded; trace shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine to medium-grained, sub-rounded;
5% shell fragments; sandstone, dark
yellowish brown (10YR 4/2).

Coquina, pale yellowish brown (10YR 6/2);
sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments; sandstone, dark
yellowish brown (10YR 4/2).
Limestone, medium gray (N5); sand, light
olive gray (5Y 5/2), quartz, fine to
medium-grained, sub-rounded.

Limestone, medium gray (N5); sand, light
olive gray (5Y 6/1), quartz, fine -grained,
sub-rounded.

Limestone, medium gray (N5); sand, light
olive gray (5Y 6/1), quartz, fine -grained,
sub-rounded.

Limestone, medium gray (N5); sand, light
olive gray (5Y 6/1), quartz, fine -grained,
sub-rounded.

Limestone, medium gray (N5); sand, light
olive gray (5Y 6/1), quartz, fine -grained,
sub-rounded.
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Limestone, medium gray (N5); sand, light
olive gray (5Y 6/1), quartz, fine -grained,
sub-rounded.

Limestone, medium gray (N5); sand, light
olive gray (5Y 6/1), quartz, fine -grained,
sub-rounded.

Limestone, medium gray (N5); sand, pale
yellowish brown (10YR 6/2), quartz, fine to
medium-grained, sub-rounded.

Limestone, medium gray (N5); sand, light
olive gray (5Y 5/2), quartz, fine to
medium-grained, sub-rounded.

Limestone, medium gray (N5); sand, light
gray (N7), quartz, fine to medium-grained,
sub-rounded.

Limestone, medium gray (N5); sand, pale
yellowish brown (10YR 6/2), quartz, fine to
medium-grained, sub-rounded; trace shell
fragments.

Limestone, medium gray (N5); sand, light
gray (N7), quartz, fine to medium-grained,
sub-rounded; 5% shell fragments.

Limestone, medium gray (N5); sand, light
gray (N7), quartz, fine to medium-grained,
sub-rounded; 15% shell fragments.

Limestone, medium gray (N5); sand, light
gray (N7), quartz, fine to medium-grained,
sub-rounded; 15% shell fragments.

Limestone, medium gray (N5); sand, light
gray (N7), quartz, fine to medium-grained,
sub-rounded; 15% shell fragments.
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Surface soil, dusky yellowish brown (10YR
2/2), fine-grained, sub-rounded; organic
material.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 20% shell
fragments; trace organics.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; >5% shell
fragments; trace organics.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 10% shell
fragments; trace organics.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 10% shell
fragments; trace organics.

Sand, pale yellowish brown (10YR 6/2),
quartz, medium to fine-grained, sub-rounded;
>5% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, medium to fine-grained, sub-rounded;
20% shell fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, medium to fine-grained, sub-rounded;
15% shell fragments; sandstone fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; 30% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; 15% shell
fragments.
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TYPE

Concrete around pipe Bentonite Chips Fine Sand with Slotted Pipe
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G-160 GW-SW Study
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PROJECT NO./NAME LOCATION

DRILLING CONTRACTOR/DRILLER

LENGTH

03/23/10-03/23/10

GEOLOGIST/OFFICE

4-1/4 Bullet

X NO MAT.YES

SIZE/TYPE OF BIT

Earth Tech Drilling/Paul Lemenze

Brian Collins/SFWMD, West Palm Beach, Florida

Mobile B-59/Hollow Stem Auger
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Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; 15% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; 5% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments.

Clay, gray with sand, yellowish gray (5Y 7/2),
quartz, fine-grained, sub-rounded; 10% shell
fragments.

Clay, gray with sand, yellowish gray (5Y 7/2),
quartz, fine-grained, sub-rounded; 20% shell
fragments.

Clay, olive with sand, light olive gray (5Y 5/2),
quartz, fine-grained, sub-rounded; 5% shell
fragments.

Clay, dark brown with sand, dusky yellowish
brown (10Y 2/2), quartz, fine-grained,
sub-rounded; >5% shell fragments.

Clay, dark brown with sand, dusky yellowish
brown (10Y 2/2), quartz, fine-grained,
sub-rounded; >5% shell fragments.

Clay, black with sand, dusky yellowish brown
(10Y 2/2), quartz, fine-grained, sub-rounded;
>5% shell fragments.

Clay, black with sand, dusky yellowish brown
(10Y 2/2), quartz, fine-grained, sub-rounded;
5% shell fragments.

Clay, black with sand, dusky yellowish brown
(10Y 2/2), quartz, fine-grained, sub-rounded;
>5% shell fragments.

Clayey sand, dusky yellowish brown (10Y
2/2), quartz, fine-grained, sub-rounded; 5%
shell fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine to medium-grained, sub-rounded;
30% shell fragments.
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Sand, dark yellowish brown (10YR 4/2),
quartz, fine to medium-grained, sub-rounded;
30% shell fragments.

Clay, gray with sand, light olive gray (5Y 5/2),
quartz, fine to medium-grained, sub-rounded;
10% shell fragments.

No Recovery.

No Recovery.

Sand, light olive gray (5Y 5/2), quartz, fine to
medium-grained, sub-rounded; 10% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine to medium-grained, sub-rounded;
20% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, medium to fine-grained, sub-rounded;
40% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, medium to fine-grained, sub-rounded;
30% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 50% shell
fragments; trace limestone, dark gray.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 70% shell
fragments; limestone, dark gray.
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Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; 10% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; 10% shell
fragments.

Sand, light brownish gray (5YR 6/1), quartz,
fine-grained, sub-rounded; 10% shell
fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine-grained, sub-rounded; 10% shell
fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine-grained, sub-rounded; 15% shell
fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine-grained, sub-rounded; 10% shell
fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine-grained, sub-rounded; 10% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; 15% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; 15% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; 10% shell
fragments
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SPT
SAMPLING METHOD START/FINISH DATE

WELL INSTALLED?

TYPE

Concrete around pipe Bentonite Pellets Fine Sand with Slotted Pipe

TOP OF WELL CASING

G-160 GW-SW Study

DIA. SLOT SIZE
ELEVATION OF:

PVC/2
TOP & BOTTOM SCREEN

TEST BORING LOG

18.1 18.07
REMARKS:

DRILLING EQUIPMENT/METHOD

PROJECT NO./NAME LOCATION

DRILLING CONTRACTOR/DRILLER

LENGTH

03/22/10-03/22/10

GEOLOGIST/OFFICE

4-1/4 Bullet

X NO MAT.YES

SIZE/TYPE OF BIT

Earth Tech Drilling/Paul Lemenze

Brian Collins/SFWMD, West Palm Beach, Florida

Mobile B-59/Hollow Stem Auger

BORING/WELL LOCATION SKETCH MAP
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Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; >5% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; >5% shell
fragments.

Sand, dark yellowish brown (10YR 4/2),
quartz, fine-grained, sub-rounded; >5% shell
fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; >5% shell
fragments.

Sand, yellowish gray (5Y 8/1), quartz,
medium-grained, sub-rounded; 10% shell
fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; >5% shell
fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; >5% shell
fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine-grained, sub-angular to
sub-rounded; >5% shell fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine-grained, sub-angular to
sub-rounded; >5% shell fragments.

Sand, moderate yellowish brown (10YR 5/4),
quartz, fine-grained, sub-angular to
sub-rounded; >5% shell fragments.

Muddy sand, moderate yellowish brown
(10YR 5/4), quartz, fine-grained, sub-angular
to sub-rounded; >5% shell fragments.

Muddy sand, dark yellowish brown (10YR
4/2), quartz, fine-grained, sub-rounded; >5%
shell fragments.

Muddy sand, pale yellowish brown (10YR
6/2), quartz, fine-grained, sub-rounded; 30%
shell fragments.

Muddy sand, pale yellowish brown (10YR
6/2), quartz, fine-grained, sub-rounded; 30%
shell fragments.

Muddy sand, yellowish gray (5Y 7/2), quartz,
fine-grained, sub-rounded; 30% shell
fragments.
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Muddy sand, yellowish gray (5Y 7/2), quartz,
fine-grained, sub-rounded; 20% shell
fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded to angular;
10% shell fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 10% shell
fragments.

Muddy sand, very pale orange (10YR 8/2),
quartz, fine to very fine-grained, sub-rounded;
20% shell fragments.

Muddy sand, pale yellowish brown (10YR
6/2), quartz, fine to very fine-grained,
sub-rounded; 20% shell fragments; 10% grey
limestone fragments.

Muddy sand, pale yellowish brown (10YR
6/2), quartz, fine to very fine-grained,
sub-rounded; 10% shell fragments; 10% grey
limestone fragments.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 30% grey
limestone fragments, lime mud.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 20% grey
limestone fragments, lime mud.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 30% grey
limestone fragments, lime mud.

Sand, pale yellowish brown (10YR 6/2),
quartz, fine-grained, sub-rounded; 30% grey
limestone fragments, lime mud.
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Sand, very dark gray (7.5YR 3/1), quartz, very
fine-grained, sub-rounded to sub-angular;
30% fine dark organic material.

Sand, very dark gray (7.5YR 3/1), quartz, very
fine-grained, sub-rounded; 5% fine dark
organic material, 30% shell fragments, 10%
clay.

Sand, dark grayish brown (10YR 4/2), quartz
fine-to medium-grained, sub-rounded to
sub-angular; 40% shell fragments, 20% clay.

Sand, very dark grayish brown (10YR 3/2),
quartz, very fine to fine-grained, sub-rounded;
5% fine dark organic material, 20% shell
fragments, 10% clay.
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GW SURFACE

All vertical elevations in 1929 NGVD

0.010
DATE

(FT. ABOVE M.S.L.)

GROUND SURFACE
Slotted PVC

-0.8/-2.8

Palm Beach Gardens, Florida

CASING MAT./DIA. SCREEN:

2 2

SPT
SAMPLING METHOD START/FINISH DATE

WELL INSTALLED?

TYPE

Concrete around pipe Bentonite Chips Fine Sand with Slotted Pipe

TOP OF WELL CASING

G-160 GW-SW Study

DIA. SLOT SIZE
ELEVATION OF:

PVC/2
TOP & BOTTOM SCREEN

TEST BORING LOG

17.2 17.16
REMARKS:

DRILLING EQUIPMENT/METHOD

PROJECT NO./NAME LOCATION

DRILLING CONTRACTOR/DRILLER

LENGTH

03/17/10-03/17/10

GEOLOGIST/OFFICE

4-1/4 Bullet

X NO MAT.YES

SIZE/TYPE OF BIT

Earth Tech Drilling/Paul Lemenze

Brian Collins/SFWMD, West Palm Beach, Florida

Mobile B-59/Hollow Stem Auger

BORING/WELL LOCATION SKETCH MAP
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Sand, very dark gray (2.5Y 4/1), quartz, very
fine-grained, sub rounded; 30% fine dark
organic material.

Sand, gray (7.5YR 5/1), quartz, very
fine-grained, sub rounded; 5% fine dark
organic material; 20% shell fragments; 10%
clay.

Sand, gray, (7.5YR 6/1), quartz, fine-to
medium-grained, sub-rounded to sub-angular;
40% shell fragments; 20% clay.

Sand, dark gray (7.5YR 4/1), quartz, very
fine-to fine-grained, sub-rounded; 5% fine
dark organic material; 20% shell fragments;
10% clay.

5.0

10.0

15.0

20.0

GW SURFACE

All vertical elevations in 1929 NGVD

0.010
DATE

(FT. ABOVE M.S.L.)

GROUND SURFACE
Slotted PVC

-0.9/-2.9

Palm Beach Gardens, Florida

CASING MAT./DIA. SCREEN:

2 2

SPT
SAMPLING METHOD START/FINISH DATE

WELL INSTALLED?

TYPE

Concrete around pipe Bentonite Chips Fine Sand with Slotted Pipe

TOP OF WELL CASING

G-160 GW-SW Study

DIA. SLOT SIZE
ELEVATION OF:

PVC/2
TOP & BOTTOM SCREEN

TEST BORING LOG

17.1 17.09
REMARKS:

DRILLING EQUIPMENT/METHOD

PROJECT NO./NAME LOCATION

DRILLING CONTRACTOR/DRILLER

LENGTH

03/17/10-03/17/10

GEOLOGIST/OFFICE

4-1/4 Bullet

X NO MAT.YES

SIZE/TYPE OF BIT

Earth Tech Drilling/Paul Lemenze

Brian Collins/SFWMD, West Palm Beach, Florida

Mobile B-59/Hollow Stem Auger

BORING/WELL LOCATION SKETCH MAP
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D-1 

APPENDIX D 

Well Construction Diagrams 
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APPENDIX E 

Well Construction Information, Vertical and Horizontal Nomographs, 
and Surveyor’s Report 
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Well Construction Information 

Station ID Station 
Type 

Drilling 
Contractor Drilling Method Geologic 

Sampling
Drilling 

Mud 

State Planar (feet) Ground 
Surface 

Elevation 
1929 

NGVD 
(feet) 

Elevation 
at TOC 
1929 

NGVD 
(feet) 

Depth 
of 

Well 
from 
TOC  
(feet)

Screen 
Length 
(feet) 

Screen 
Interval 
(feet) 

Elevation 
at Top of
Screen 
1929 

NGVD 
(feet) 

Elevation 
at 

Bottom 
of Screen 

1929 
NGVD 
(feet) 

Well 
Construction

Material 

Screen 
Slot 
Size 

(inch)

Gravel 
Pack at
Screen 
Interval

Centralizer 
Used 

Source 
of 

Well Northing 
1927 

Datum 

Easting 
1927 

Datum 

PGA-S Well  Earth Tech Hollow Stem Auger YES No 902832.210 932096.160 17.40 17.09 19.95 2.0 17.95-19.95 -0.9 -2.9 2 Inch PVC 0.010 6/20 No Collins 

PGA-N Well Earth Tech Hollow Stem Auger Yes No 911575.030 929518.100 17.10 17.16 19.99 2.0 18-20 -0.8 -2.8 2 Inch PVC 0.010 6/20 No Collins 

OMS-S Well Earth Tech Hollow Stem Auger Yes No 921761.050 929738.830 18.60 18.21 20.00 2.0 18-20 0.2 -1.8 2 Inch PVC 0.010 6/20 No Collins 

OMS-D Well Earth Tech Mud Rotary/Split Spoon Yes Yes 921760.850 929744.240 18.60 18.07 68.70 10.0 58.7-68.7 -40.6 -50.6 2 Inch PVC 0.010 6/20 No Collins 

OMN-S Well Earth Tech Hollow Stem Auger Yes No 924924.080 932468.990 18.30 18.12 20.08 2.0 18.08-20.08 0.0 -2.0 2 Inch PVC 0.010 6/20 No Collins 

OMN-D Well Earth Tech Mud Rotary/Split Spoon Yes Yes 924924.670 932463.010 18.30 18.13 69.40 10.0 59.4-69.4 -41.3 -51.3 2 Inch PVC 0.010 6/20 No Collins 

EB-S Well Earth Tech Hollow Stem Auger Yes No 928473.320 935162.280 20.90 20.44 20.3 2.0 18.3-20.3 2.1 0.1 2 Inch PVC 0.010 6/20 No Collins 

EB-D Well Earth Tech Mud Rotary/Split Spoon Yes Yes 928478.560 935163.070 20.90 20.60 69.9 10.0 60-70 -39.3 -49.3 2 Inch PVC 0.010 6/20 No Collins 

NEB-S Well Earth Tech Hollow Stem Auger Yes No 932566.190 931920.800 20.70 20.43 19.8 2.0 17.8-19.8 2.6 0.6 2 Inch PVC 0.010 6/20 No Collins 

NEB-D Well Earth Tech Mud Rotary/Split Spoon Yes Yes 932566.120 931926.290 20.70 20.15 69.9 10.0 60-70 -39.8 -49.8 2 Inch PVC 0.010 6/20 No Collins 

NWB-S Well Earth Tech Hollow Stem Auger Yes No 932579.890 924997.840 18.70 18.44 20.0 2.0 18-20 0.4 -1.6 2 Inch PVC 0.010 6/20 No Collins 

NWB-D Well Earth Tech Mud Rotary/Split Spoon Yes Yes 932579.660 924992.210 18.70 18.41 70.0 10.0 60-70 -41.6 -51.6 2 Inch PVC 0.010 6/20 No Collins 

C18P-S Well Earth Tech Hollow Stem Auger Yes No 921739.790 924720.760 19.80 19.55 20.5 2.0 18.5-20.5 1.1 -0.9 2 Inch PVC 0.010 6/20 No Collins 

C18P-D Well Earth Tech Mud Rotary/Split Spoon Yes Yes 921734.420 924723.030 19.80 19.53 68.2 10.0 58.2-68.2 -38.7 -48.7 2 Inch PVC 0.01 6/20 No Collins 
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Vertical Nomograph 

Station ID PGA-S PGA-N OMS-S OMS-D OMN-S OMN-D EB-S EB-D NEB-S NEB-D NWB-S NWB-D C18P-S C18P-D 

 

Elevation 
at Top of 
Screen  -0.9 -0.8 0.2 -40.6 0.0 -41.27 2.14 -39.3 2.63 -39.75 0.44 -41.59 1.05 -38.67 

PGA-S -0.9 0.00 -0.03 -1.07 39.77 -0.90 40.41 -3.00 38.44 -3.49 38.89 -1.30 40.73 -1.91 37.81 
PGA-N -0.8 0.03 0.00 -1.04 39.80 -0.87 40.44 -2.97 38.47 -3.46 38.92 -1.27 40.76 -1.88 37.84 
OMS-S 0.2 1.07 1.04 0.00 40.84 0.17 41.48 -1.93 39.51 -2.42 39.96 -0.23 41.80 -0.84 38.88 
OMS-D -40.6 -39.77 -39.80 -40.84 0.00 -40.67 0.64 -42.77 -1.33 -43.26 -0.88 -41.07 0.96 -41.68 -1.96 
OMN-S 0.0 0.90 0.87 -0.17 40.67 0.00 41.31 -2.10 39.34 -2.59 39.79 -0.40 41.63 -1.01 38.71 
OMN-D -41.27 -40.41 -40.44 -41.48 -0.64 -41.31 0.00 -43.41 -1.97 -43.90 -1.52 -41.71 0.32 -42.32 -2.60 

EB-S 2.14 3.00 2.97 1.93 42.77 2.10 43.41 0.00 41.44 -0.49 41.89 1.70 43.73 1.09 40.81 
EB-D -39.3 -38.44 -38.47 -39.51 1.33 -39.34 1.97 -41.44 0.00 -41.93 0.45 -39.74 2.29 -40.35 -0.63 

NEB-S 2.63 3.49 3.46 2.42 43.26 2.59 43.90 0.49 41.93 0.00 42.38 2.19 44.22 1.58 41.30 
NEB-D -39.75 -38.89 -38.92 -39.96 0.88 -39.79 1.52 -41.89 -0.45 -42.38 0.00 -40.19 1.84 -40.80 -1.08 
NWB-S 0.44 1.30 1.27 0.23 41.07 0.40 41.71 -1.70 39.74 -2.19 40.19 0.00 42.03 -0.61 39.11 
NWB-D -41.59 -40.73 -40.76 -41.80 -0.96 -41.63 -0.32 -43.73 -2.29 -44.22 -1.84 -42.03 0.00 -42.64 -2.92 
C18P-S 1.05 1.91 1.88 0.84 41.68 1.01 42.32 -1.09 40.35 -1.58 40.80 0.61 42.64 0.00 39.72 
C18P-D -38.67 -37.81 -37.84 -38.88 1.96 -38.71 2.60 -40.81 0.63 -41.30 1.08 -39.11 2.92 -39.72 0.00 

Elevations are in 1929 NGVD. 
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Horizontal Nomograph 

Station ID PGA-S PGA-N OMS-S OMS-D OMN-S OMN-D EB-S EB-D NEB-S NEB-D NWB-S NWB-D C18P-S C18P-D 

 
Northing 902832.210 911575.030 921761.050 921760.850 924924.080 924924.670 928473.320 928478.560 932566.190 932566.120 932579.890 932579.660 921739.790 921734.420 

 Easting 932096.160 929518.100 929738.830 929744.240 932468.990 932463.010 935162.280 935163.070 931920.800 931926.290 924997.840 924992.210 924720.760 924723.030 

PGA-S 902832.210 932096.160 0.000 9115.004 19075.062 19074.196 22095.016 22095.506 25823.780 25829.077 29734.497 29734.395 30582.848 30583.932 20295.150 20289.322 

PGA-N 911575.030 929518.100 9115.004 0.000 10188.411 10188.330 13671.316 13670.603 17815.975 17821.196 21128.222 21128.777 21485.737 21486.697 11239.965 11234.140 

OMS-S 921761.050 929738.830 19075.062 10188.411 0.000 5.414 4178.341 4174.883 8629.506 8634.079 11023.250 11024.270 11812.040 11814.090 5018.115 5015.871 

OMS-D 921760.850 929744.240 19074.196 10188.330 5.414 0.000 4174.959 4171.507 8626.263 8630.837 11022.377 11023.393 11814.395 11816.448 5023.524 5021.280 

OMN-S 924924.080 932468.990 22095.016 13671.316 4178.341 4174.959 0.000 6.009 4455.437 4460.089 7661.746 7661.286 10697.173 10700.941 8377.038 8376.982 

OMN-D 924924.670 932463.010 22095.506 13670.603 4174.883 4171.507 6.009 0.000 4458.584 4463.234 7660.732 7660.276 10692.575 10696.342 8371.732 8371.678 

EB-S 928473.320 935162.280 25823.780 17815.975 8629.506 8626.263 4455.437 4458.584 0.000 5.299 5220.994 5217.532 10962.653 10967.787 12424.402 12425.406 

EB-D 928478.560 935163.070 25829.077 17821.196 8634.079 8630.837 4460.089 4463.234 5.299 0.000 5217.378 5213.913 10961.424 10966.559 12427.906 12428.912 

NEB-S 932566.190 931920.800 29734.497 21128.222 11023.250 11022.377 7661.746 7660.732 5220.994 5217.378 0.000 5.490 6922.974 6928.603 13001.981 13005.196 

NEB-D 932566.120 931926.290 29734.395 21128.777 11024.270 11023.393 7661.286 7660.276 5217.532 5213.913 5.490 0.000 6928.464 6934.093 13004.964 13008.177 

NWB-S 932579.890 924997.840 30582.848 21485.737 11812.040 11814.395 10697.173 10692.575 10962.653 10961.424 6922.974 6928.464 0.000 5.635 10843.641 10848.951 

NWB-D 932579.660 924992.210 30583.932 21486.697 11814.090 11816.448 10700.941 10696.342 10967.787 10966.559 6928.603 6934.093 5.635 0.000 10843.268 10848.580 

C18P-S 921739.790 924720.760 20295.150 11239.965 5018.115 5023.524 8377.038 8371.732 12424.402 12427.906 13001.981 13004.964 10843.641 10843.268 0.000 5.830 

C18P-D 921734.420 924723.030 20289.322 11234.140 5015.871 5021.280 8376.982 8371.678 12425.406 12428.912 13005.196 13008.177 10848.951 10848.580 5.830 0.000 
Numbers are in feet. 
Northing and Easting provided in NAD83 (2007). 
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APPENDIX F 

Horizontal Gradient Hydrographs 
Vertical Gradient Hydrographs 

Rainfall and Horizontal Gradient Hydrographs 



Horizontal Gradient

ih = the horizontal gradient (unitless)
h1 = hydraulic head at location 1 (ft NGVD)
h2 = hydraulic head at location 2 (ft NGVD)
∆l = horizontal distance between location 1 and 2 (ft)

ih = (h1 ‐ h2)
∆l 

A positive result indicates flow is from location 1 towards location 2



NWB‐S and NEB‐S

• Dry Season



NWB‐D and NEB‐D



C18P‐S and EB‐S



C18P‐D and EB‐D

• Dry Season



NEB‐S and OMS‐S

• Dry Season



NEB‐D and OMS‐D



C‐18P‐S and OMS‐S

• Dry Season



C18P‐D and OMS‐D



Vertical Gradient

iv = the gradient (unitless)
h1 = hydraulic head at shallow location (ft NGVD)
h2 = hydraulic head at deeper location (ft NGVD)
∆z = vertical distance between top of shallower screen and top of deeper screen (ft)

iv = (h1 ‐ h2)
∆z 

A positive result indicates flow is downwards
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NWB



C‐18P



Average Monthly Rainfall and 
Horizontal Gradients
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C18P and EB

Shallow Deep
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Shallow Deep



C18P and OMS

Shallow Deep
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