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Attention: Mr. Nathan Silva, P.E.
   
Subject: Report of Geotechnical Engineering Evaluation 
  FLORIDA’S TURNPIKE FROM SR 408 TO SR 50 PD&E STUDY 

 MP 263 – 273 
Orange County, Florida
FIN ID No. 444007-1-22-01 / Contract No. CA562
ETDM No. 14378 
RS&H Project No. 107-0105-000 
GEC Project No. 4471GE

 
Dear Mr. Silva:

Geotechnical and Environmental Consultants, Inc. (GEC) is pleased to present this geotechnical
report for the above-referenced project. The purpose of our investigation was to explore 
subsurface conditions at the seven relic sinkhole features along the alignment and perform a PD&E 
Study phase evaluation of highway widening alternatives within these features. 
 
This report presents the results of our field and laboratory investigations for the seven relic 
sinkholes and includes our widening alternatives analyses.  A preliminary geotechnical investigation 
of the preferred stormwater pond sites will be conducted when their locations become available. 
 
The analyses and recommendations in this report are based on preliminary design information 
provided by RS&H and data collected by GEC to date and are subject to change as project plans 
develop.  
 
GEC appreciates the opportunity to be of service to RS&H and Florida’s Turnpike Enterprise (FTE) 
on this project.  If you should have any questions concerning the contents of this report, please 
contact us. 
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Sincerely,

GEOTECHNICAL AND ENVIRONMENTAL CONSULTANTS, INC.
919 Lake Baldwin Lane 
Orlando, Florida 32814 
 
 
 
 
 

Ryan J. Petersen, E.I.  Gary L. Kuhns, P.E.
Engineer Intern      Chief Engineer 
        Florida License No. 38704 
 
This item has been digitally signed and sealed by Gary L. Kuhns, P.E. on the date adjacent to the seal.  Printed copies of this document are not 
considered signed and sealed and the signature must be verified on any electronic copies. 

cc: Ms. Gisele Passalacqua, P.E. (General Consultant Construction and Materials Engineer  
to Florida’s Turnpike) 
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1.0  SITE AND PROJECT DESCRIPTION

1.1  Project Description 

Geotechnical and Environmental Consultants, Inc. (GEC) has been retained by RS&H, on behalf of 
the Florida’s Turnpike Enterprise, to provide a Geotechnical Report to support the Project 
Development and Environment (PD&E) Study for this project. The Florida Turnpike Enterprise (FTE), 
part of the Florida Department of Transportation (FDOT) is evaluating alternatives to widen 
Florida’s Turnpike (SR 91) from south of SR 408 to SR 50 (milepost 263 to 273), a distance of 
approximately 10 miles, and along SR 408 from the Florida’s Turnpike interchange to east of the 
Old Winter Garden Road overpass.  As part of the study, the interchanges within the project limits 
and the need for a new interchange will be evaluated. The project is in Orange County, Florida 
within the municipalities of Oakland, Winter Garden, and Ocoee. The project location map, Figure 
1.1.1, shows the PD&E study area.  This report was performed as part of Financial Project ID No. 
444007-1-22-01. 
 
Figure 1.1.1: Project Location Map 
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Florida’s Turnpike currently has eight to twelve lanes (four travel lanes and up to two auxiliary 
lanes in each direction) within the study limits. The roadway is functionally classified as an Urban 
Principal Arterial – Freeway and Expressway and has a posted speed limit of 70 miles per hour
(mph). The access management classification from south of milepost 263 to milepost 273 is Class 1 
and the corridor does not have a context classification. 

Early planning efforts conducted by FTE concluded that major operational, safety, and capacity
improvements are needed along Florida’s Turnpike to improve current and future peak period 
traffic operations along the mainline at the major interchanges with SR 408, SR 429, and SR 50 to 
reduce the potential for traffic incidents and accommodate travel at acceptable levels of service. 
This PD&E Study will evaluate the widening of the Florida’s Turnpike while also including milling 
and resurfacing, bridge construction, and interchange improvements. Interchanges with proposed 
improvements or modifications on Florida’s Turnpike include SR 408, SR 429, SR 50 (Ocoee / Winter 
Garden), SR 50 (Clermont / Oakland), and a proposed interchange at Avalon Road. 

1.2  Purpose and Need

The purpose of the project is to reduce congestion and improve mobility on Florida’s Turnpike 
mainline from south of SR 408 to SR 50 to accommodate current and future traffic volumes 
generated by growth in Orange County and adjacent counties. A goal of the project is to enhance 
safety and improve emergency evacuation times.

The need for this project is to enhance safety due to the weaving and merging concerns between 
SR 408 and SR 429, a segment that currently has a very high weaving movement with 45% of traffic 
from SR 408 exiting at SR 429 and 32% of overall Florida’s Turnpike traffic exiting at SR 429. The 
proximity (1.3 miles) of these system-to-system interchanges causes merging and weaving conflicts. 
The proposed improvements will improve the travel time reliability and enhance emergency 
response and evacuation times.  
 
1.3  Alternative Analysis Summary 

The project is subdivided into three mainline segments and five interchanges:

 Mainline: 
o Turkey Lake Service Plaza to SR 408;
o SR 408 to SR 429; and 
o SR 429 to SR 50.
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Interchanges:
o SR 50 (Ocoee / Winter Garden) Connector;
o SR 408;
o SR 429; 
o Avalon Road; and
o SR 50 (Clermont / Oakland).

The Build Alternatives for Florida’s Turnpike mainline are subdivided into three segments which will 
be described further below. The segment of Florida’s Turnpike from Turkey Lake Service Plaza to SR 
408 involves adding a total of two lanes in each direction for a total of five travel lanes and one 
auxiliary lane in each direction. Figure 1.3.1 shows the proposed typical section for this portion of 
the mainline.

Figure 1.3.1: Proposed Typical Section – Segment 1

The second segment, from SR 408 to SR 429, includes a collector-distributor (CD) system which 
consists of a separate roadway facility that will parallel Florida’s Turnpike mainline. The purpose of 
the separate system is to move the weaving movements associated with the interchanges from the 
high-speed mainline, which will improve traffic operations and safety. Traffic going to either SR 408 
or SR 429 will use the CD system comprised of four additional lanes in each direction. These lanes 
will be barrier-separated from the regular mainline travel lanes. In addition, the mainline will be 
widened to five lanes in each direction to serve the regional traffic passing through this segment. 
Figure 1.3.2 shows the proposed typical section for the second segment.
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Figure 1.3.2: Proposed Typical Section – Segment 2

The final segment of the study, from SR 429 to SR 50, consists of adding one through lane in each 
direction, for a total of five travel lanes in each direction. Figure 1.3.3 shows the proposed typical 
section for the third segment.

Figure 1.3.3: Proposed Typical Section – Segment 3

The Build Alternatives for each interchange are described below.

SR 50 (Ocoee / Winter Garden) Connector
Two Build Alternatives were considered for this portion of the project: 

Option 1: Bridge Widening – This option widens the existing bridge to meet current design 
standards. This option includes a new eastbound right turn lane on SR 50 to meet with the 
exit ramp from Florida’s Turnpike along SR 50 just before the Marshall Farms Road

*Note: Includes 4-foot buffer for potential future use
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intersection. Motorists wishing to turn right onto Marshall Farms Road will need to make 
the decision before the overpass. The merge will be signal controlled.
Option 2: New Signalized Intersection – This option provides a new single lane loop / 
bridge from SR 50 westbound to Florida’s Turnpike. The loop ramp will merge with the SR 
50 eastbound ramp exiting to Florida’s Turnpike, similar to the existing condition. The ramp 
from Florida’s Turnpike to SR 50 widens to five lanes at a new signalized intersection, with 
three lanes for SR 50 westbound and two lanes for SR 50 eastbound. 

SR 408 to SR 429

The proposed Build Alternative for SR 408 to SR 429 includes a CD system that would increase 
capacity while improving safety characteristics. The Florida’s Turnpike mainline would have an 
extra lane for capacity while also adding four lanes in each direction for the CD system. The CD 
system allows for all traffic exiting at SR 408 or SR 429 to avoid the mainline lanes, thereby allowing 
for better free flow and less conflict points. 
 
The SR 408 interchange is reconstructed to provide direct connections to both the Florida’s 
Turnpike mainline and the proposed CD roads. The Florida’s Turnpike southbound exit ramp to SR 
408 will be replaced with a new three-lane ramp that meets 55 mile per hour design criteria. 

The majority of the SR 429 interchange ramps will remain in their current configuration except for 
the northbound Florida’s Turnpike to southbound SR 429 ramp. This ramp will be replaced with a 
new two-lane ramp bridge designed to meet the 45 and 50 mph criteria. Other minor modifications 
will be made to accommodate the connections to the new CD system between SR 429 and SR 408. 
 
Avalon Road Alternatives 

Three Build Alternatives were evaluated at Avalon Road. Each of the Build Alternatives tie into the
Avalon Road widening project being completed by Orange County, which extends from the 
Florida’s Turnpike north to SR 50. The location of the tie-in points varies depending on the 
interchange. The three Build Alternatives are: 
 

 The Tight Urban Diamond Interchange which includes diamond ramps in all four quadrants 
of the interchange with left and right turn lanes added to Avalon Road;

 The Turbo Roundabout Interchange introduces two turbo roundabouts, one north of the 
mainline and one south, that allows for more capacity than a standard roundabout and 
provides additional safety features by not requiring weaving in the roundabout; and

 The Diverging Diamond Interchange Alternative allows for free-flowing turns when 
entering and exiting the mainline by eliminating the left turn against oncoming traffic and 
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limiting the number of traffic signal phases. The design reduces congestion and conflict 
points creating a safer condition than a regular diamond interchange.

SR 50 (Clermont / Oakland) Alternatives

The three Build Alternatives evaluated for the SR 50 (Clermont / Oakland) interchange include:
The Flyover Alternative, which proposes an overpass from northbound Florida’s Turnpike 
to westbound SR 50 to bypass local traffic;
The Parallel Flow Alternative, which splits the ramp in the northeast quadrant of the 
interchange to allow eastbound traffic on SR 50 to make a right turn while the westbound 
traffic moves under the Florida’s Turnpike mainline to bypass the northern junction; and
The Single Point Alternative, which allows for one signal to be placed at the intersection as 
opposed to two, allowing for only three traffic phases at the interchange.

2.0  REVIEW OF AVAILABLE DATA          

To obtain general information on soil and groundwater conditions in the project area, GEC 
reviewed available data including the USGS Quadrangle Map and the Natural Resources 
Conservation Service (NRCS) Soil Survey of Orange County and other published sources. A summary 
of this information is presented in the following report sections. 
 
2.1  NRCS Soil Survey             

The Natural Resources Conservation Service (NRCS) Soil Survey for Orange County was reviewed for 
near-surface soil and groundwater information.  The NRCS Soil Survey map of the relic features is
attached (Figure 2) and the soils depicted in the vicinity of the project alignment are summarized in 
the following table. 

Table 1: Orange County NRCS Soil Survey Soil Units

Unit 
No. Soil Name 

Depth  
(inches) Soil Description

Unified Soil 
Classification 

Symbol 

AASHTO Soil  
Classification 

Symbol 

Depth to 
Seasonal 

High 
Ground-

water 
(feet)

Hydro- 
logic  

Group

3 
Basinger fine sand, 

frequently ponded, 0 to 
1 percent slopes 

0 - 5 Fine sand SP-SM, SM A-2-4, A-3 

0.0 A/D 5 - 36 Fine sand SP-SM, SM A-3, A-2-4 

36 - 80 Fine sand, sand SP-SM, SM A-3, A-2-4 
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Table 1: Orange County NRCS Soil Survey Soil Units

Unit 
No. Soil Name 

Depth 
(inches) Soil Description

Unified Soil 
Classification 

Symbol 

AASHTO Soil  
Classification 

Symbol 

Depth to 
Seasonal 

High 
Ground-

water
(feet)

Hydro- 
logic

Group

40 
Samsula muck, 

frequently ponded, 0 to 
1 percent slopes 

0 - 32 Muck PT A-8 

0.0 A/D 
32 - 35 Sand, fine sand SM, SP- SM A-3, A-2-4 

35 - 44 Sand, fine sand SP-SM, SM A-2-4, A-3 

44 - 80 Sand, fine sand SM, SP- SM A-2-4, A-3 

42 Sanibel muck 

0 - 11 Muck PT A-8 

0.0 A/D11 - 15 
Sand, fine sand, mucky 

fine sand 
SP, SP- SM A-3 

15 - 80 Sand, fine sand SP, SP- SM A-3 

44 
Smyrna-Smyrna, wet, 

fine sand, 0 to 2 percent 
slopes 

0 - 4 Fine sand SP, SM, SP-SM A-2-4 

0.0 - 0.5 A/D 

4 - 17 Fine sand SP, SP- SM A-3, A-2-4 

17 - 27 
Loamy fine sand, fine 

sand 
SP-SM, SM A-2-4 

27 - 80 Fine sand SP, SP- SM A-3, A-2-4 

47 

Tavares- 
Millhopper 
complex, 0 

to 5 
percent 
slopes 

Tavares 
0 - 6 Fine sand SP-SM, SM A-2-4, A-3 

3.5 - 5.0 A 

6 - 80 Fine sand, sand SP-SM, SM A-2-4, A-3 

Mill-
hopper 

0 - 6 Fine sand 
SM, SP- SM, 

SC-SM A-2-4 

6 - 64 Fine sand, sand SM, SP- SM A-2-4 

64 - 76 Loamy sand, sandy loam, 
loamy fine sand 

SC-SM, SC A-4 

76 - 80 
Sandy loam, fine sandy 
loam, sandy clay loam SC-SM, SC, CL A-4, A-6 

Note:
1. ‘---‘ indicates no information shown in the NRCS database 

The NRCS soil survey map depicts several lakes and wetlands, including relic sinkholes.  These 
conditions can impact the design and construction of the roadway improvements: shallow 
groundwater can impact roadway grades and stormwater pond site selection, design and 
construction, and near-surface clay can perch groundwater, potentially causing impacts to the 
pavement base.  Muck is associated with lakes, wetlands and relic sinkholes and can have severe 
limitations for roadway embankment construction.  Removal of muck, or treatment by means of 
soil surcharge, is typically required to provide adequate support for the roadway embankment. 

The potential impact of shallow groundwater levels and deep organic soil deposits will be 
significant factors to consider in the planning and design of the proposed improvements. The 
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primary geotechnical considerations for roadway and pond design and construction will be the 
shallow groundwater conditions and areas of muck within the roadway widening limits. 
Continuation of the roadway cross slope in roadway widening locations will lower the exterior 
pavement grades and shallow groundwater may impact the pavement section design and result in 
the need for asphalt base or roadway underdrains. 
 
Information contained in the NRCS Soil Survey is very general and may be outdated.  It may not 
therefore be reflective of actual soil and groundwater conditions, particularly if recent 
development in the site vicinity has modified soil conditions or surface/subsurface drainage.  The 
soils and groundwater data collected as part of this study should be considered a more accurate 
representation of soil conditions along the project alignment. 
 
2.2  USGS Quadrangle Maps           

Based on our review of the USGS Clermont East and Winter Garden, Florida Quadrangle maps the 
estimated ground surface elevations at the sinkhole locations are summarized in the following 
table: 

Table 2: Summary of Ground Surface Elevations

Relic Sinkhole No. 
Approximate Surrounding 
Ground Surface Elevation 

(ft. NGVD) 
1 (Lake Pearl) +120 

2 (Lake Bonnet) +130 
3 +130 
4 +120 
5 +120 

6 (Lake Olivia) +100 
7 +115 

The sinkhole sites and project alignment are depicted on an excerpt of the U.S. Geological Survey 
(USGS) Clermont East and Winter Garden, Florida Quadrangle maps (Figure 2) in the Appendix. 

2.3  FDEP Potentiometric Map Data          

According to the Florida Department of Environmental Protection (FDEP) September 2017 Upper 
Floridan Aquifer Potentiometric Surface map, the potentiometric surface of the Floridan Aquifer 
decreases from approximately +78 feet NGVD at the western terminus (on the north side of Johns 
Lake) to +68 feet NGVD west of Turkey Lake.  Since natural ground surface elevations in the study 
area are consistently higher than the potentiometric surface, artesian flow conditions are not 
anticipated.  
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2.4 Regional Geology

Due to its prevalent geology, referred to as karst, Central 
Florida is prone to the formation of sinkholes, or large, circular 
depressions created by local subsidence of the ground surface. 
The nature and relationship of the three sedimentary layers 

typical of Central Florida geology cause sinkholes.  The 
deepest, or basement, layer is a massive, cavernous limestone 
formation known as the Floridan aquifer.  The Floridan aquifer 

limestone is overlain by a silty or clayey sand, clay, phosphate, and limestone aquitard (or flow-
retarding layer) ranging in thickness from nearly absent to greater than 100 feet and locally 
referred to as the Hawthorn Group (Hawthorn).  The Hawthorn is in turn overlain by a 40- to 70-
foot thick surficial layer of sand, bearing the water table aquifer.  The likelihood of sinkhole 
occurrence at a given site within the region is determined by the relationship among these three 
layers, specifically by the water (and soil)-transmitting capacity of the Hawthorn at that location. 
 

The water table aquifer is comprised of Recent and 
Pleistocene sands and is separated from the Eocene 
limestone of the Floridan aquifer by the Miocene sands, clays 
and limestone of the Hawthorn.  Since the thickness and 
consistency of the Hawthorn is variable across Central Florida, 
the likelihood of groundwater flow from the upper to the 
lower aquifer (known as aquifer recharge) will also vary by 
geographical location.  
 
In areas where the Hawthorn is absent, water table 
groundwater (and associated sands) can flow downward to 
cavities within the limestone aquifer, like sand through an 
hourglass, recharging the Floridan aquifer, and sometimes 
causing the formation of surface sinkholes.  This process of 
subsurface erosion associated with recharging the Floridan 
aquifer is known as raveling. Thus, in Central Florida, areas of 
effective groundwater recharge to the Floridan aquifer have a 
higher potential for the formation of surface sinkholes.

No method of geological, geotechnical, or geophysical exploration is known that can accurately 
predict the occurrence of sinkholes. It is common geotechnical practice in Central Florida to make a 
qualitative prediction of sinkhole risk based on local geological conditions in the vicinity of a
particular site.
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Based on our review of the U.S. Geological Survey Map entitled “Recharge and Discharge Areas of 
the Floridan Aquifer in the St. Johns River Water Management District and Vicinity, Florida,” 1984, 
the western two thirds of the study area (from the western terminus to Maguire Road) is 
predominantly located in a low to moderate recharge zone, while the eastern third lies in an area 
of high recharge.  Therefore, the relative risk of sinkhole formation in the eastern segment of the 
alignment is high compared to the overall risk across Central Florida.  There are numerous relic 
sinkholes in the immediate vicinity of the alignment, including Lake Lily, Lake Pearl, Lake Bonnet, 
and several other unnamed ponds within the eastern portion of the alignment. In addition, there is 
a small (also unnamed) relic sinkhole on the north side of the Turnpike, located approximately 1200 
feet east of the SR 50 interchange in Clermont.  Review of historical photographs dating back to 
1947 indicates this feature was partially filled to accommodate the construction of the highway. 

3.0  SUBSURFACE EXPLORATION

In addition to consulting published sources, GEC conducted an exploration of the project site to
evaluate subsurface conditions.  Our field exploration is summarized in Table 2.  Please refer to 
section 3.1 to 3.4 for a description of the field exploration methods used for this investigation.

Table 3: Site Exploration Summary 

Project 
Element 1Exploration Method Quantity 

Test ID 
No. 

Depth 
Explored 

(feet) 
Figure 

No. 
Relic Feature 1 

(Lake Pearl) 
Pond 

GPR Linescans 3 --- --- ---
Manual Muck Probes 30 --- --- 4A 

SPT Borings 3 SPT-1 to SPT-3 250 6 – 7 

Relic Feature 2 
(Lake Bonnet) 

GPR Linescans 3 --- --- ---
Manual Muck Probes 39 --- --- 4B 

SPT Borings 3 SPT-4 to SPT-6 250 8 – 9 

Relic Feature 3
GPR Linescans 3 --- --- ---

Manual Muck Probes 34 --- --- 4C
SPT Borings 2 SPT-7 & SPT-8 250 10

Relic Feature 4 
GPR Linescans 3 --- --- ---

Manual Muck Probes 25 --- --- 4D 
SPT Borings 2 SPT-9 & SPT-10 250 11

Relic Feature 5 
GPR Linescans 3 --- --- ---

Manual Muck Probes 12 --- --- 4D 
SPT Borings 2 SPT-11 & SPT-12 250 12

Relic Feature 6 
GPR Linescans --- --- --- ---

Manual Muck Probes 22 --- --- 4E
SPT Borings 3 SPT-15 – SPT-17 250 14 - 15

Relic Feature 7 
GPR Linescans 1 --- --- ---

Manual Muck Probes 10 --- --- 4F
SPT Borings 2 SPT-13 & SPT-14 250 13

1.  SPT = Standard Penetration Test; GPR = Ground Penetrating Radar
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The locations of the field activities listed in Table 3 are shown on the site plan in Figure 3 and 4.
These locations were not surveyed; they were estimated by using Global Positioning System (GPS) 
and a handheld GPS unit.  The approximate method used to locate them is sufficient to meet the 
intent of our study.  If greater accuracy is desired, a registered Professional Land Surveyor should 
survey the locations.

3.1  Ground Penetrating Radar

The GPR system provides a real-time graphic record of subsurface features without disturbing the 
materials being explored. The radar system is composed of a transmitting/receiving antenna and a 
microprocessor control unit with a hard disk drive for storage of data.  As the radar antenna is 
pulled along the pond surface in a fiberglass boat, radar pulses are transmitted downward into the 
underlying water and soil.  These pulses are reflected to the antenna from interfaces between 
materials with significantly different electrical properties (dielectric contrasts), such as clay and 
sand.  A continuous stream of these reflective waveforms is processed by the control unit and 
instantaneously sent to the control unit monitor.  A subsurface profile, referred to as a “linescan,” 
is developed as the reflected waveforms are displayed on the monitor.  Field data (linescan 
records) are viewed in 2-D on the control unit monitor. 
 
The effectiveness of a GPR study is generally limited by the penetration depth of the radar signal.  
The maximum penetration depth of the radar pulse is determined by the limitations of the radar 
equipment and by propagation losses in the medium being probed.  Generally, highly conductive 
materials, such as clay, allow signal penetration to a depth of only a few inches, and low conductive 
materials, such as dry sands, allow much greater penetration depths (more than 50 feet below
ground surface).  Actual signal penetration depths are typically between these two extremes 
(equipment limitations and radar pulse propagation) and are dependent on the underlying soil and 
groundwater conditions within the study area.
 
For this investigation, GEC utilized a Geophysical Survey System, Inc. (GSSI) SIR 3000 control unit 
equipped with a 100 & 200 megahertz (MHz) antenna.  Equipment calibration activities were 
performed in accordance with manufacturer recommendations prior to initiating the GPR study. 

GPR is a geophysical method that, as with all geophysical methods, is an indirect means of 
identifying buried objects and can have limitations with regard to interpretation of the GPR results. 
Factors that can limit accurate interpretation of GPR data include, but are not limited to, diameter 
and composition of underground utilities, soil conditions within the study area, and depth to the 
groundwater table.   
 

DRAFT



GEC Project No. 4471G 12 Report of Geotechnical Engineering Evaluation 
FPID No. 444007-1-22-01  Florida’s Turnpike from SR 408 to SR 50 PD&E Study 

3.2 Manual Muck Probes

Manual muck probes were performed by pushing a slender metal rod into the surficial soil and 
evaluating the relative resistance of the soil to manual penetration.  Highly organic soils, such as 
muck and/or peat, are characteristically very soft and will easily yield to the manual probe. Manual 
probes, however, cannot detect peat or muck layers which are present beneath layers of sand or 
dense soils which cannot be penetrated by the probe.  The probes can also penetrate to some 
extent in very loose sands which may be present beneath peat or muck layers.  No soil samples are 
obtained for visual examination or laboratory testing when using this exploratory technique.  The 
soil type being penetrated is inferred solely by evaluating the relative resistance of the soil to 
penetration.  These limitations can lead to some under-estimation or over-estimation of peat or 
muck layer thicknesses.  The probe data presented in this report should be evaluated with these 
limitations in mind. 
 
3.3  SPT Borings           

SPT borings were drilled in general accordance with ASTM Procedure D-1586.  The boreholes were 
advanced by the rotary wash method with bentonite-based mud used as the circulating fluid to 
stabilize the borehole.  Casing was utilized as necessary to stabilize the borehole and prevent loose 
surficial sands from raveling into the lower more stable portions of the borehole.  GEC’s field crew 
obtained SPT samples continuously in the borings to a depth of 10 feet and at 2.5-foot depth 
intervals thereafter.    A GEC engineering technician monitored the drilling operation, and collected, 
examined and visually classified each sample.  He then packaged representative portions of each 
sample for transport to our laboratory for further examination and laboratory testing. 

3.4  Groundwater Measurement          

A GEC engineering technician measured the depth to groundwater in the boreholes at the time of 
drilling.  The SPT borings were grout-sealed upon completion. 

4.0  LABORATORY TESTING

Selected soil samples retrieved from the borings were tested in accordance with Florida Standard
Testing Methods (FM), American Association of State Highway and Transportation Officials 
(AASHTO) Testing Methods and American Standard Testing Methods (ASTM).  The GEC laboratory is 
reviewed annually by the Construction Materials Engineering Council, Inc. (CMEC) to verify 
compliance with FM, AASHTO, and ASTM.  Our laboratory testing program is summarized in the 
following table: 
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Table 4: Summary of Laboratory Testing Program
 

Type of Test
Percent Fines (AASHTO-T88)

Atterberg Limits (AASHTO-T89/90) 
Organic Content (AASHTO-T267)

Natural Moisture Content (AASHTO-T265)
Corrosion Series (FM 5-550/551/552/553) 

The results of our laboratory tests are shown adjacent to the soil profiles on the Report of SPT 
Boring Results sheets in the Appendix. 

5.0  SUBSURFACE CONDITIONS          

GEC’s field exploration was conducted from September through December 2020 and July 2021. The 
soil and groundwater conditions encountered are summarized in this section.  Please refer to 
Figures 6 through 12 for a detailed description of the subsurface profile at each boring location
shown on Figure 2.  The results of selected laboratory tests are shown adjacent to the subsurface 
profiles at the depth the samples were obtained. 
 
5.1  Ground Penetrating Radar Results

5.1.1 GPR Methodology           

GEC utilized GPR initially to locate the approximate throat or throats of each relic sinkhole. Once 
identified, we conducted a linescans near the identified throat. If the throat was beyond the 
widening limits, the linescans were conducted within the potential widening limits.  

5.1.2 GPR Results            

The GPR evaluation provided high quality data of subsurface conditions to a depth of about 15 to
20 feet beneath the feature bottom. The GPR evaluation of the four relic sinkholes identified the 
original sinkhole throat locations, which were then used to establish locations for the SPT borings.
Based on the data collected during the GPR investigation, the approximate throat locations were 
identified and mapped as shown in the Appendix along with  example GPR linescans from  each of 
the features.  GPR linescans could not be performed within relic sinkhole  6 due to extremely dense 
vegetation. 
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5.2 SPT Borings

Subsurface conditions within relic sinkholes can be highly variable. The SPT borings encountered 
layers of very soft, raveled sand and muck to depths of 250 feet in Lake Pearl, 220 feet in Lake 
Bonnet, 210 feet in the relic sinkhole located in the northeast quadrant of the SR 408 Interchange 
and 210 feet in the relic sinkhole located in the SR 408 Interchange’s southeast quadrant.  These 
soft compressible soils would pose a significant challenge to embankments and walls used to 
support the widened roadway.  
 
The depth to a hard bearing layer was highly variable as summarized in Table 5. 
 

Table 5: Depth to Hard Bearing Layer 
 

Relic Feature 
No. 

Boring 
No. 

Depth to Hard 
Bearing Layer 

(ft from 
Mudline) 

1 
SPT-1 240+ 
SPT-2 220 
SPT-3 130 

2 
SPT-4 108 
SPT-5 190 
SPT-6 148 

3 
SPT-7 233 
SPT-8 130 

4 
SPT-9 92

SPT-10 211 

5 
SPT-11 250+ 
SPT-12 245

6 
SPT-15 233+
SPT-16 227
SPT-17 227 

7 
SPT-13 179 
SPT-14 204 

Organic soil (muck) was encountered at several boring locations as summarized in Table 6. 
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Table 6: Muck Locations and Thicknesses

Relic Feature 
No. 

Boring 
No. 

Muck
Depths 
(ft from 

Mudline) 

Organic 
Content 

(%) 

1 

SPT-1 
13 – 23 26

232 – 238 31

SPT-2 
0 – 53 12 - 89

77 – 82 20
103 – 118 ---

2 

SPT-5 
0 – 164 16 - 87

177 – 190 18
232 – 240 11

SPT-6 

0 – 136 34 - 77
155 – 161 54
181 – 191 --- 
195 – 211 38

3 

SPT-7 

0 – 4 6 
30 – 81 18 – 92

95 – 101 12
225 – 231 16

SPT-8 

0 – 2 --- 
32 – 128 17 – 87

147 – 153 --- 
182 – 188 7 – 61 
197 – 203 14

4 

SPT-9 

0 – 2 --- 
19 – 82 19 – 74

129 – 132 --- 
144 – 147 12
174 – 180 --- 
184 – 195 72
214 – 220 6 

SPT-10 

0 – 19 78
48 – 54 --- 

63 – 119 25
153 – 159 44
173 – 178 --- 
183 – 199 --- 
199 – 204 7 
218 - 224 12
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Relic Feature
No.

Boring
No.

Muck
Depths 
(ft from 

Mudline) 

Organic 
Content

(%)

5 

SPT-11 
0 – 2 --- 

23 - 89 6 – 83

SPT-12 

2 – 8 9 
38 – 47 9
54 – 59 8 

183 – 194 8

6 

SPT-15 0 – 8 --- 

SPT-16 
2 – 4 --- 

8 – 10 --- 
SPT-17 0 – 8 7 

7 
SPT-13 9 – 13 27
SPT-14 16 – 26 6

The manual muck probes revealed surficial muck thicknesses and water depths as summarized in 
Table 7.  Some probe locations were not able to be completed due to site access restrictions from 
grass mats, dense vegetation and excessive water depths.  

 
Table 7: Manual Muck Probe Summary

Relic Feature 
No. 

Water Depth 
(ft) 

Surficial 
Muck 

Thickness 
(ft) 

1 0 – 10 0 – 10 
2 0 – 13.5 0 – 12 
3 0 – 9 0 – 1 
4 0 – 20+ 0 – 5 
5 0 – 4 0 – 0.2 
6 0 – 2.3 0 – 3.4 
7 0 – 5 0 – 0.6 

Preferred locations for the stormwater ponds have not been selected.  Soil borings for the 
preferred stormwater and flood plain compensation ponds will be included in a future submittal 
once selected.
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5.3 Groundwater Levels

The features that have been explored to date all hold water year-round. The measured water 
depths at the SPT boreholes are summarized below: 

 
Table 8: Summary of Measured Water Depths 

 
Relic Feature 

No. 
Boring

No. 
Water Depth 

(ft) 

1 
SPT-1 7
SPT-2 7 
SPT-3 4

2 
SPT-4 9 
SPT-5 7 
SPT-6 10

3 
SPT-7 9 
SPT-8 7 

4 
SPT-9 15

SPT-10 21

5 
SPT-11 0.5
SPT-12 0 

6 
SPT-15 9 
SPT-16 10
SPT-17 10

7 
SPT-13 8 
SPT-14 8 

Water levels can vary seasonally and alterations in surface and/or subsurface drainage brought 
about by site development can also affect water levels.  Therefore, water depths measured at 
different times can be expected to vary from those measured by GEC during this investigation. 
 
The encountered water depths are depicted adjacent to the boring profiles on the Report of SPT 
Boring Results sheets in the Appendix. 
 
6.0  WIDENING ALTERNATIVES ANALYSIS

GEC performed an evaluation of widening alternatives for the relic sinkhole features that included 
soil embankment, retaining wall and driven piles based on the current plans and soil conditions. 
The analysis of each relic feature and the planned widening alternatives and preferred widening 
alternatives are described below: 
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Relic Feature 1 (Lake Pearl): Preliminary project plans currently depict a bridge over this feature. 
Soil borings encountered highly variable soil conditions, indicative of relic sinkhole features, with 
bearing layers encountered at elevations ranging from +10 to -110 to > -120 ft (boring SPT-2 
performed at the center of the feature did not encounter a bearing layer to a depth of 250’).  
Within the central portion of the feature borings typically encountered surficial very soft 
muck/peat to depths of 20 to 50 feet underlain by very loose, raveled sands with intermixed mucky 
sands to depths of up to/greater than 250 feet. Based on the soil variability and deep bearing layer 
at the site, pipe piles will likely be the preferred bridge foundation alternative and lateral stability 
of the foundation will be a critical design element. 

Relic Feature 2 (Lake Bonnet):  Preliminary project plans depict a bridge over this feature and 
modification to the adjacent mainline embankment configuration. Soil borings encountered very 
soft, compressible, muck/peat to a depth of approximately 160 feet in two of the three borings in 
this feature. Like Relic Feature 1 (Lake Pearl), pipe piles will likely be the preferred bridge 
foundation alternative due to the depth of the bearing layer and potential for pile variability.  In 
addition, special construction requirements will need to be developed for protection of the existing
retaining walls adjacent to this feature during pile installation.  Vibrations caused by pile 
installation could potentially destabilize the retaining walls in this area. Evaluation of lateral 
stability of the adjacent improvements to the mainline will also need to be performed for design of 
retaining walls for the Turnpike mainline. 

Relic Feature 3 (NW Quadrant of SR 91 and SR 408): Preliminary project plans depict two at grade 
ramps with retaining walls, a single-span bridge and a second level multi-span bridge as well as 
associated high fill roadway embankment.  The two borings performed within this relic sinkhole 
feature encountered approximately 25 to 30 feet of medium dense sand underlain by very soft to 
soft muck/peat to depths of approximately 85 to 135 feet.  Based on the variability of the 
subsurface profile at this feature location, pipe piles will likely be the preferred bridge  foundation 
alternative.  The highly compressible, deep muck/peat encountered within this feature will cause 
significant settlement if left untreated and, even if treated with a surcharge program, long-term
settlement of the organic soils will still result in some long-term settlement of the roadway 
embankments.  Because of this long-term settlement, bridging this feature would be the preferred 
alternative for the two at-grade ramps.   Surcharging of the muck in this feature is possible, but the 
roadway and surcharge embankment would need to be sloped no steeper than 4:1 to ensure 
stability over the weak soil; therefore, embankment and surcharge fill would cover a large portion 
of the water feature.   Placement of the embankment fill over soft soils will require special 
materials and handling, including geosynthetic reinforcement and staged, slow subaqueous 
placement of fill to avoid shearing (mudwaving) the underlying weak soils.  Surcharging an organic 
soil feature of this thickness and depth will require more time than a standard surcharge program 
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to achieve the desired soil improvements and monitoring instrumentation including settlement 
plates, slope inclinometers and pore pressure transducers will be needed.

Relic Feature 4 (SE Quadrant of SR 91 and SR 408): Preliminary project plans depict a retaining wall 
and embankment along the edge of this feature. The two borings performed within this feature 
encountered very soft to soft muck/peat to depths ranging from 80 to 120 feet.  The organic soils 
will cause significant settlement and global stability concerns for the planned retaining wall-
supported ramp embankment.  Construction of a surcharge would be difficult without impacting a 
large portion of the relic sinkhole feature due to the low shear strength of the organic soils. And 
once again, the depth and thickness of these organic soils will lead to some long-term settlement, 
even with a surcharge treatment program.  We would recommend bridging this feature. However, 
if the ramp alignment could be shifted, it may be possible to avoid the soils of concern and 
construct a retaining wall-supported embankment. Additional soil borings would need to be 
performed to confirm the viability of this option. 

Relic Feature 5 (NW Quadrant along SR 408 Exit Ramp): Preliminary project plans depict a 
retaining wall-supported ramp embankment through this feature. The two borings performed 
within this feature encountered very soft to soft muck to depths of 60 to 90 feet.  In addition, one 
boring encountered very loose sand with drilling fluid circulation losses from elevation +30 to -80 
feet.  A surcharge program at this feature is recommended to treat the organic soils. Based on the 
proposed wall supported embankment, a two-phase MSE wall may be feasible to facilitate 
construction.  However, the very loose, raveled soils are indicative of high sinkhole risk.  A deep 
subsoil pressure grouting program is also recommended to mitigate potential sinkhole 
development and treat the very loose, raveled, soil conditions.  A pipe pile-supported structure 
could be considered at this location. 

Relic Feature 6 (Lake Olivia): Preliminary project plans depict an approximate 15-foot widening of 
SR 91 into this feature with a retaining wall-supported embankment. Surficial organic soils were 
encountered to a depth of approximately 10 feet, which will require removal.  Otherwise, soils are 
suitable for support of the proposed embankment and retaining wall.  

Relic Feature 7 (W SR 50): Preliminary project plans depict a retaining wall-supported ramp 
embankment. The two borings performed in this feature encountered organic soils in the upper 15 
to 30 feet underlain by layers of very loose sand with drilling fluid circulation losses from elevation 
+75 to -30 feet. A surcharge program at this feature is recommended to treat the organic soils. 
Based on the proposed wall-supported embankment, a two-phase MSE wall may be feasible to 
facilitate construction.  However, the very loose, raveled soils are indicative of high sinkhole risk.  A 
deep subsoil pressure grouting program is also recommended to mitigate potential sinkhole 
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development and treat the existing very loose, soil conditions. A pipe pile-supported bridge 
structure could be considered at this location.

6.1  Preliminary Pile Capacity Analysis         

For use in preliminary construction cost estimates,  GEC analyzed axial capacity for 24-inch steel 
pipe piles with closed end for each SPT boring using the FDOT computer program FB-Deep Version 
3.0.0.  Graphs of Davisson Pile Capacity vs. Pile Tip Elevation for the 24-inch steel pipe piles are 
included in the Appendix. Based upon the Davisson Pile Capacity vs. Pile Tip Elevation curves and 
the soil boring results, GEC’s recommended preliminary pile design parameters for 24-inch closed-
end steel pipe piles are summarized in the Preliminary Pile Capacity Recommendations Table
below: 

Table 9: Preliminary Pile Capacity Recommendation 

Relic Feature 
No. 

Nominal 
Bearing Ratio 

(tons) 

Estimated Pile Tip 
Elevations 

(ft NAVD88) 
1 250 -10 to -120 
2 250 -5 to -115
3 250 -40 to -50
4 250 -60 to -120 
5 250 -125 to -130 
6 250 -90 to -155 
7 250 -100 to -120 

Due to the highly variable subsurface conditions within the relic sinkholes, using typical bridge 
foundation costs would lead to a significant underestimation of bridge costs.  There are likely to be 
greater variations in pile depths than those indicated in Table 9, with some piles extending several 
hundred feet to reach a suitable bearing layer.  We would recommend assuming all the piles for the 
bridges will extend to the deepest tip elevations in the ranges shown in Table 9 to develop 
preliminary foundation costs.   
 
These recommendations are preliminary and are not intended for design. A detailed geotechnical 
investigation of the relic sinkholes will be required to develop design-level geotechnical 
recommendations for design and construction. 

7.0  USE OF THIS REPORT

GEC has prepared this report for the exclusive use of our client, RS&H, Inc. and FTE, and for specific 
application to our client’s project.  GEC will not be held responsible for any other party’s 

DRAFT



GEC Project No. 4471G 21 Report of Geotechnical Engineering Evaluation 
FPID No. 444007-1-22-01  Florida’s Turnpike from SR 408 to SR 50 PD&E Study 

interpretation or use of this report’s subsurface data or engineering analysis without our written 
authorization.

The sole purpose of the borings performed by GEC at this site was to obtain indications of 
subsurface conditions as part of a geotechnical exploration program. GEC has not subjected any 
soil samples to analysis for contaminants. 
 
GEC has performed the services described in this report in a manner consistent with that level of 
care and skill ordinarily exercised by members of our profession currently practicing in Central 
Florida.  No other representation is made or implied in this document. 
 
The preliminary conclusions or recommendations of this report should be disregarded if the nature, 
design, or location of the facilities is changed.  If such changes are contemplated, GEC should be 
retained to review the new plans to assess the applicability of this report considering the proposed 
changes.
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