
 

 

 
 

 
 

Revised: November 14, 2016 
 AEI Project No.: APGT-16-049 
To:  Farner Barley and Associates, Inc. 

4450 NE 83rd Road 
Wildwood, Florida 34785 

 
Attn: Mr. Lee Clymer, P.E. 

 
SUBJECT: Geotechnical Investigation and Karst Evaluation, Proposed Ocala Ranch 

Development, State Road 200, Marion County, Florida 
 
 
 
Dear Mr. Clymer: 
 
Andreyev Engineering, Inc. has completed the geotechnical investigation and evaluation of karst 
conditions over the property associated with the proposed Ocala Ranch development.  This 
report provides the results of site specific geotechnical and geophysical investigations and 
utilizes these results to provide conclusions and recommendations on the suitability of the 
property to support the proposed development. 
 
We appreciate the opportunity to provide our services on the project and trust that the attached 
report is sufficient to address the geotechnical and hydrogeologic issues of the project.  Should 
you have any questions regarding this report, please feel free to contact the undersigned. 
 
Sincerely, 
 
ANDREYEV ENGINEERING, INC. 
 
 
 
 
11-14-16 
Jeffery E. Eller, P.E. 
Vice President 
Florida Registration No. 57434 
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1.0 PURPOSE AND SCOPE 
 
The purpose of the geotechnical engineering study and karst evaluation was to obtain 
information on subsurface conditions within potential karst areas and over the property, in 
general, in order to determine the suitability with relation to the proposed development.  To 
accomplish this purpose, the following tasks were performed: 
 

 Researched available data regarding the surface and subsurface conditions in the 
vicinity of the subject property. 

 
 Completed ground penetration radar (GPR) studies over the property in order to 

investigate anomalous subsurface conditions which may be indicative of karst 
conditions. 

 
 Conducted geotechnical investigations including site specific drilling and groundwater 

measurements in order to detail subsurface conditions over the subject property and 
within suspected karst areas. 

 
 Reviewed the surface topography, soil types and aerial maps in order to identify 

subsurface fracture zones. 
 
 Reviewed the Florida Sinkhole Research Institute database maintained by the Florida 

Geological Survey in order to identify reported sinkholes located on or in the vicinity of 
the subject property. 

 
 Prepared this geotechnical report, which summarizes the work performed and presents 

our engineering conclusions and recommendations on the subsurface and karst 
conditions over the project area and this potential impact on the proposed development. 
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2.0 SITE LOCATION AND DESCRIPTION 
 
2.1 Existing Site Conditions 
 
The site consists of a single parcel located southeast of State Road 200 and northeast of the 
Withlacoochee River in Marion County, Florida.  The parcel is located in Sections 20, 21, 27, 28 
and 30 of Township 17 South, Range 20 East.  The subject property consists primarily of grassy 
pasture areas and isolated wooded areas.  The existing grades over the property are relatively 
level.  The combined area of the subject parcel is approximately 3,500 acres. 
 
2.2 U.S.G.S. Topographic Map 
 
The USGS topographic survey was reviewed for the site.  The site is found on the Quadrangle 
maps entitled “Stokes Ferry and Dunnellon, Fla.”.  From this review, the natural ground surface 
elevation over the subject property varies from approximately +47 to +60 feet National Geodetic 
Vertical Datum of 1929.  The USGS map showing the project area is included as Figure 1. 
 
2.3 S.C.S. Soil Survey 
 
Based upon a review of the “Soil Survey of Marion County Area, Florida”, published by the 
USDA SCS, the subject property consists primarily of fourteen soil types.  The approximate 
aerial and proportional extents of the soil types occurring on the subject property are listed in 
Table 1 and shown on Figure 2. 
 
Table 1 
Approximate Acreage and Proportional Extent of Soil Types 

Soil Name 
Hydrologic 

Group 
Estimated SHWT 

Depth (ft. bls) 
Total Acres % of Total 

Adamsville sand C 2 - 3.5 4.53 0.22% 

Apopka sand A > 6 242.58 11.65% 

Pedro-Arredondo complex C/A > 5 17.47 0.84% 

Eaton loamy sand D 0 - 1 45.05 2.16% 

Holopaw sand B/D 0 – 1 11.85 0.57% 

Jumper fine sand C 2 – 5 923.44 44.34% 

Kanapaha fine sand A/D 0 – 1 1.98 0.09% 

Lynne sand B/D 0 – 1 14.29 0.69% 

Paisley loamy fine sand D 0 – 1 13.96 0.67% 

Pomona Fine Sand B/D 0 – 1 50.92 2.44% 

Sparr Fine Sand A 2.5 - 5 752.53 36.13% 

Water   4.11 0.20% 
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Soil Name 
Hydrologic 

Group 
Estimated SHWT 

Depth (ft. bls) 
Total Acres % of Total 

Total   2,082.71 100% 

 
A brief description of specific soil type characteristics is presented in the following: 
 

 11 - Adamsville Sand (AdB) – 0 to 5 percent slopes.  Nearly level to gently sloping, 
somewhat poorly drained soil that occurs as small and large areas in the flatwoods and 
along the lower slopes of the sandy uplands.  Water table rises to within 10 to 20 inches 
of the surface for less than 2 weeks during wet periods, but remains at 20 to 40 inches 
for cumulative periods of 2 to 6 months during most years.  During dry periods water 
table recedes to more than 40 inches. 

 
 2 - Apopka Sand (ApB) – 0 to 5 percent slopes.  Nearly level to gently sloping, well-

drained soil that generally occurs as small areas in the uplands.  Water table is at a 
depth of more than 72 inches. 
 

 54 - Pedro-Arredondo Complex (PeB) – 0 to 5 percent slopes.  Well drained nearly 
level to gently sloping soils of the upland.  Rock fragments more than 3 inches and 
boulders occur in many pedons.  Water table is at a depth on more than 60 inches. 

 
 25 - Eaton Loamy Sand (Ea) – 0 to 2 percent slopes.  Poorly drained soil that occurs in 

broad areas of the flatwoods.  Water table is within a depth of 10 inches for 2 to 4 
months during most years. 

 
 40 - Holopaw Sand (Ho) – 0 to 2 percent slopes.  Poorly drained soil that occurs as 

small and large areas on broad flats and in shallow depressions of the flatwoods.  Water 
table is within 10 inches of the surface for 2 to 6 months annually.  Water on on the 
surface for short periods during wet seasons.  Many depressions are covered with water 
for 2 to 6 months during most years. 
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 42 - Jumper Fine Sand (JuB) – 0 to 5 percent slopes.  Nearly level to gently sloping, 
somewhat poorly drained soil that occurs as small areas in the flatwoods and along 
gentle slopes of the sandy uplands.  Water table fluctuates between approximately 30 to 
60 inches for 2 to 4 months during most years.  For brief periods of about 2 weeks to 2 
months, it is within a depth of 30 inches. 

 
 43 - Kanapaha Fine Sand (KaB) – 0 to 5 percent slopes.  Nearly level to gently sloping, 

poorly drained soil that occurs as small areas in the upland.  Water table is within about 
10 inches of the surface for periods of 1 to 3 months during most years. 

 
 48 - Lynne Sand (Ly) – 0 to 2 percent slopes.  Poorly drained soil that occurs as small 

and large areas in the broad flatwoods.  Water table is within 10 inches of surface for 3 
to 6 months during most years.  During dry periods it recedes to a depth of more than 40 
inches. 

 
 5 - Paisley Loamy Fine Sand (Pa) – 0 to 2 percent slopes.  Poorly drained soil that 

occurs as small and large areas in the flatwoods.  Water table is within 10 inches of the 
surface for 2 to 6 months during most years. 

 
 61 - Pomona Sand (Po) – 0 to 2 percent slopes.  Poorly drained soil that occurs as 

small and large areas in the flatwoods and as small areas adjacent to wet depressions 
on sandy ridges.  Water table is within 10 inches of the surface for 1 to 3 months and 
fluctuates between 10 to 40 inches for 6 months or more.  During dry periods it recedes 
to a depth of more than 40 inches. 

 
 65 - Sparr Fine Sand (SpB) – 0 to 5 percent slopes.  Nearly level to gently sloping, 

somewhat poorly drained soil that occurs as small and large areas in the flatwoods and 
uplands.  Water table fluctuates between 30 to 60 inches for 1 to 4 months during most 
years.  For brief periods it is at a depth of about 20 to 30 inches.  During dry periods it is 
at a depth of more than 60 inches. 

 
 99 - Water – Lake, River, Pond, Ocean 

 
2.4 Geology/Hydrology 
 
2.4.1 Local Geology 
 
The general geology in Marion County can be described as consisting of Pliocene to recent age 
sands overlying Cretaceous and Tertiary clays and carbonates which were sequentially 
deposited in shallow seas that traversed and regressed during interglacial periods.  Structural 
activity followed the deposition of the limestone units resulting in the northwest-southeast 
trending Peninsular Arch (eastern Marion County) and Ocala Uplift (western Marion County).  
Additional processes of physical and chemical weathering (karst activity) have formed the 
present-day landscape of Marion County. 
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A typical sequence in Marion County consists of relatively thin sands deposited by streams and 
the wind and marine terraces.  These sands are underlain by either the Hawthorn Group, which 
is comprised of marine interbedded sand, clayey sand, and clay, and/or the Ocala Group 
limestones.  In some areas, the Ocala limestone outcrops.  The Ocala limestones are one of the 
most productive water bearing formations of the Floridan aquifer system in this area.  The 
surface and thickness of the Ocala Limestone are highly irregular due to the dissolution of the 
limestone as karst topography developed.  The upper part of the Ocala Limestone consists of a 
variably muddy (carbonate) granular limestone, which is often soft and friable with numerous 
large foraminifera.  The lower part of the Ocala Limestone consist or a more granular limestone.  
The Ocala limestone is underlain by the Avon Park, Lake City, Oldsmar, and Cedar Key 
limestones.  These deposits range in thickness from 1700 to 2500 feet. 
 
The site is located in southwest Marion County approximately 0.5 to 1.0 mile north of the 
Withlacoochee River on the east side of State Route 200.  The land surface is at approximately 
50 feet above sea level (1983 National Geodetic Vertical Datum or NGVD) in this area.  It is 
located in the Penholoway Terrace (Healy 1975) and the Withlacoochee River Drainage Basin 
(U.S.G.S. mapping 1974).  It is also located in the Dunnelon Gap between two sections of the 
south to north Brooksville Ridge which occurs in western Marion County and central Citrus 
County (White 1970).   
 
The surficial sands in the area of this site are approximately 0 to 25 feet thick. The surficial 
sands range from excessively drained to poorly drained sands over the site.  In general, the 
shallow soils in southwestern Marion County consist of a surficial layer of sandy soils the upper 
2 to 7 feet, followed by soil of increasing fines content (i.e. clayey fine sands to sandy clays and 
clays) that occur to 20 feet in some areas of the property.  There is essentially no specific 
confining unit in this area between the surficial sands, clayey sands, and the upper Floridan 
aquifer limestones.  Confinement occurs as a result of the change in strata and the sporadic 
presence of thicker clayey sand units, which serve as a semi-confining unit.  The surficial sands 
and clayey soils overlay the Upper Floridan aquifer limestones.  
 
The upper Floridan aquifer can be encountered as shallow as 9 feet from land surface to lower 
than 20 feet below land surface in accordance with soil borings performed on the site, and is 
approximately 700 feet thick in this area.  The upper section of the upper Floridan aquifer in this 
area is comprised of the Eocene Ocala Limestones.  The three units of the Ocala Limestones 
are the Crystal River formation at the top followed by the Williston Formation and then the Inglis 
Formation.  The Ocala limestones are approximately 75 to 100 feet thick in this area.  They are 
comprised of creamy to white foraminiferal limestone with intermittent sections of gray to brown 
dolomite and chert in the Inglis formation.  The Ocala Limestones are the best producing zone 
for water pumping capacity in the area of this site. 
 
2.4.2 Local Hydrogeology 
 
Groundwater supply in Marion County is derived from the surficial and upper Floridan aquifers.  
In area of this site, the Upper Floridan aquifer is the principal source of water supply for 
domestic, agricultural, and industrial uses.  Information for each aquifer is provided as follows: 
 
Surficial Aquifer:  The surficial aquifer in this area is comprised of saturated, undifferentiated 
sediments consisting of coarse grained quartz sand, and clayey sand. The clayey sand serves 
as a semi-confining unit allowing for water to be retained in ponds on the land surface.  The 
primary hydraulic function of the surficial aquifer is to act as a storage reservoir for recharge to 
the Floridan aquifer.  Groundwater in the surficial aquifer moves both laterally and vertically 
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under the influence of gravity to point of discharge.  The water table in the surficial aquifer 
generally follows topographic relief. 
 
Floridan Aquifer:  The Floridan aquifer system in in this area includes permeable deposits of 
the Ocala, Avon Park, and Lake City Formations.  The majority of the withdrawals are made 
from the Ocala Limestones unit of the upper Floridan aquifer and are described above.  The 
Ocala limestones in this area are approximately 75 feet thick and have a transmissivity that 
ranges from 100,000 ft3 per day to 500,000 ft3 per day.  Therefore, the Ocala Limestones are 
considered and have proven to be the best water producing limestone unit in the area. 
 
Recharge:  Essentially all of Marion County is classified as either areas of high recharge (little 
or no surface runoff) or moderate recharge (moderate surface runoff) (Anderson and 
Laughlin1982).  The permeability of the surficial sands with relatively low clay content allows for 
recharge of the upper Floridan aquifer system via vertical percolation of rainfall and other 
recharge inputs such as irrigation water that is not utilized by the plants or lost to 
evapotranspiration.  The potentiometric surface across the site varies from about +45 to +60 
feet NGVD.  The direction of groundwater flow in the Floridan aquifer is to the west-southwest. 
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3.0 SITE SPECIFIC INVESTIGATION 
 
3.1 Scope of Investigation 
 
A site specific exploratory geophysical and subsurface drilling program was conducted at the 
subject site.  The investigation consisted of the following: 
 

 Performed a Geophysical Investigation at the subject site which consisted of a Ground 
Penetrating Radar (GPR) survey in order to identify anomalous subsurface conditions 
which may indicate on-going karst activity. 
 

 Drilled a total of forty (40) auger borings (AB-1 through AB-40) to depths of 4 to 30 feet 
below land surface and thirty-one (31) standard penetration test (SPT) borings (SPT-1 
through SPT-19) to depths of 20 to 75 feet below land surface over the project area. 

 
 Measured the groundwater levels at each boring location. 

 
 Reviewed and visually classified the recovered soils in the laboratory using the Unified 

Soils Classification System.  Performed twenty-five (25) sieve tests, twenty-five (25) 
moisture content tests and one (1) Atterberg limit test. Developed the general soil 
stratigraphy over the proposed development area. 

 
 Analyzed the collected information and data. 

 
3.2 Geophysical Investigation 
 
A ground penetrating radar (GPR) survey was conducted by our sub-consultant Geoview, Inc. 
over accessible areas of the proposed development.  The purpose of the GPR survey was to 
provide additional information on subsurface conditions and help identify potential areas of 
concern, such as anomalous subsurface conditions, consisting of downwarping reflectors that 
could indicate unsuitable soils or unstable subsurface conditions (raveling or sinkhole related 
activity). 
 
GPR consists of a set of integrated electronic components that transmits high frequency (200 to 
1500 megahertz [MHz]) electromagnetic waves into the ground and records the energy reflected 
back to the ground surface. The GPR system consists of an antenna, which serves as both a 
transmitter and receiver, and a profiling recorder that both processes the incoming signal and 
provides a graphic display of the data.  Specific details of the equipment utilized and the survey 
procedure are included in the Ground Penetrating Radar Survey included as Attachment A. 
 
A GPR survey provides a graphic cross-sectional view of subsurface conditions. This cross-
sectional view is created from the reflections of repetitive short duration electromagnetic (EM) 
waves that are generated as the antenna is pulled across the ground surface. The reflections 
occur at the subsurface contacts between materials with differing electrical properties. The 
electrical property contrast that causes the reflections is the dielectric permittivity that is directly 
related to conductivity of a material. 
 
The depth of penetration of the GPR signal is very site specific and is controlled by two primary 
factors: subsurface soil conditions and selected antenna frequency. The GPR signal is 
attenuated (absorbed) as is passes through earth materials. As the energy of the GPR signal is 
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diminished due to attenuation, the energy of the reflected waves is reduced, eventually to the 
level that the reflections can no longer be detected. As the conductivity of the earth materials 
increases, the attenuation of the GPR signal increases thereby reducing the signal penetration 
depth. In Florida, the typical soil conditions that severely limit GPR signal penetration are near-
surface clays and/or organic materials. 
 
Depth estimates to the top of lithological contacts or sinkhole features are determined by 
dividing the time of travel of the GPR signal from the ground surface to the top of the feature by 
the velocity of the GPR signal. The velocity of the GPR signal is usually obtained from published 
tables of velocities for the type and condition (saturated vs. unsaturated) of soils underlying the 
site. The accuracy of GPR-derived depths typically ranges from 20 to 40 percent of the total 
depth. 
 
A GPR survey is conducted along survey lines (transects) that are measured paths along which 
the GPR antenna is moved. An integrated survey wheel electronically records the distance of 
the GPR system along the transect lines. The GPR survey conducted over the Ocala Ranch 
development was completed using transects offset a distance of 100 feet over the accessible 
areas.  Transect offset was variable over areas which were wooded or existed as standing 
water. 
 
Results of the GPR survey indicated the presence of several anomalous areas. The total 
density of anomalies over the subject property is not uncommon for this area of Marion County 
and not all anomalies are indicative of on-going karst or sinkhole activity.  The GPR anomalies 
identified during this survey are displayed on Figure 3. The GPR anomalies were prioritized into 
three groups, Level A, Level B and Level C, which were based on overall size, depth of signal 
penetration and localized downwarping of the GPR signal.  The characterization of the ranking 
levels is as follows: 
 

Level A: Level A anomalies are characterized by a severe downwarping towards a common 
center and possible discontinuity of the GPR reflector sets associated with various soil 
horizons. Such features typically have with a bowl or funnel shaped configuration and can 
be associated with a deflection of overlying sediment horizons caused by the migration of 
sediments into possible voids in the underlying limestone. In Level A anomalies, a localized 
significant increase in the depth of the penetration and/or amplitude of the GPR signal 
response is observed. The increase in GPR signal penetration depth or amplitude is often 
associated with either a localized increase in sand content at depth or decrease in soil 
density.  
 
Level B: Level B anomalies are similar to Level A with the following exceptions. The GPR 
reflector sets are not usually observed to be downwarping as severe as within the Level A 
anomalies. The increase in the depth of penetration and amplitude of the GPR signal within 
the anomaly areas is usually moderate.  
 
Level C: Level C anomalies are characterized by a less severe, localized increase in 
penetration of the GPR signal. The downwarping of the GPR reflector sets within the 
anomaly areas are minor. The increase in penetration may be associated with a localized 
increase in thickness of the surficial sand stratum. 
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3.3 Field Exploration Program 
 
In order to assess the general shallow soil conditions over the project area a total of forty (40) 
auger borings (AB-1 through AB-40) were conducted to depths of 4 to 30 feet below land (bls) 
surface. The locations of the auger borings were randomly chosen for project coverage and are 
shown on Figure 4.  The results of the subsurface exploration program for the auger borings, 
including the stratification profiles and some pertinent exploration information, are graphically 
presented on Figures 5 through 8. 
 
In order to investigate possible karst conditions within the project boundaries, a total of thirty-
one (31) standard penetration test (SPT) borings were conducted.  SPT borings SPT-1 through 
SPT-5 were conducted to depths of 25 to 30 feet bls in the approximate centers of depressional 
areas identified during a site reconnaissance of the entire property.  SPT borings SPT-6 through 
SPT-19 were conducted to depths of 20 to 75 feet bls in the centers of the most significant Level 
A anomalies identified during the GPR survey.  SPT borings SPT-9A, SPT-9B, SPT-9C, SPT-
15A, SPT-15B, SPT-15C, SPT-15D, SPT-16A, SPT-16B, SPT-16C, SPT-16D and SPT-16E 
were conducted around the locations of borings SPT-9, SPT-15 and SPT-16 in order to define 
the lateral extent of unstable soils encountered in those three borings.  The results of the SPT 
borings, including the stratification profiles and some pertinent exploration information, are 
graphically presented on Figures 9 through 15. 
 
The SPT boring procedure was conducted using rotary-mud drilling techniques.  Soil sampling 
using a 1-3/8 inch I.D. split-spoon sampler was conducted continuously through the first 10 feet 
and at 5 foot intervals thereafter.  The number of successive blows required to drive the sampler 
into the soil constitutes the test result commonly referred to as the "N"-value.  The "N"-value has 
been empirically correlated with various soil properties and is considered to be indicative of the 
relative density of less cohesive soils and the consistency of cohesive soils.  The recovered split 
spoon samples were visually classified in the field, and representative samples were placed in 
jars and transported to our office for further review and confirmation of the field classification. 
 
The recovered soil samples were visually classified in the field, and representative samples 
were placed in jars and transported to our office for further review and confirmation of the field 
classification. 
 
3.4 Generalized Soil Stratigraphy 
 
The results of the subsurface exploration program including the soil stratification profiles and 
some pertinent exploration information such as SPT "N"-values and groundwater levels as well 
as a legend describing the different soil types encountered are presented on Figures 5 through 
15.  Soil stratification was based on the review of recovered soil samples and interpretation of 
the field boring logs by a geotechnical engineer.  The stratification lines represent the 
approximate boundaries between soil types; the actual transition may be gradual.  The soil 
strata were visually classified using the Unified Soils Classification System.  Minor variations in 
soil types not considered important to our engineering evaluations may have been abbreviated 
or omitted for clarity. 
 
The predominant shallow soil types encountered in the borings consist of fine sand to slightly 
silty fine sand to silty fine sand and clayey sand to sandy clay soils. The deeper soil types 
consist of sandy clay to clay, which form a significant confinement layer over the entire property 
with exception of small isolated areas. This semi-confining soil layer will act to retard vertical 
leakage of water across a majority of the site.  Underlying the clay confining layers, the deeper 
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borings generally encountered limestone.  Several borings encountered limestone material at 
shallow depths, some of which may be isolated boulders and not a part of the underlying 
Floridan aquifer formation. The semi-confining clay layers appear to deepen in the central part 
of the site where higher rate of vertical infiltration and aquifer recharge is present.  Using the 
boring data, six geologic cross sections were created which depict the subsurface conditions 
over the subject property.  The cross sections are included in Figures 16 through 21. 
 
In general, a surficial layer of sandy soils exists in the upper 15+/- feet, followed by soil of 
increasing fines content (i.e. clayey fine sands to sandy clays and clays).  At the location of 
boring SPT-11 the fine sands continued to a depth of 41 feet.  The clayey soils extended to 
depths of 4 to 68 feet and were followed by limestone in most cases.  Layers of deeper organic 
soils were encountered in borings SPT-9 and SPT-15C at depths of 41 and 36 feet, 
respectively.  The boring data was used to create Figure 22 which depicts the approximate 
depths of surface sands across the west half of the property.  Insufficient soil data over the 
eastern half of the subject property prohibited us from contouring this area. 
 
The following strata were identified in the borings: 
 

STRATUM 
NO. 

DESCRIPTION USCS GROUP 

1 Grayish Brown Fine Sand SP 

2 Very Light Brown to White Fine Sand SP 

3 
Light Grayish Brown to Light Gray to Gray to 
Orangish Brown to Geenish Brown Sandy Clay to 
Clay 

CH 

4 
Light Brown to Orangish Brown to Gray Sandy Clay 
to Clay with Limestone Fragments 

CH 

5 Limestone --- 

6 
Orangish Brown to Yellowish Brown to Brown to Gray 
Clayey Sand 

SC 

7 
Orangish Brown to Light Brown Fine Sand to Slightly 
Silty Fine Sand 

SP, SP-SM 

8 
Dark Grayish Brown Fine Sand Mixed with Brown 
Clayey Sand 

SP, SC 

9 
Orangish Brown to Dark Brown Slightly Silty to Silty 
Fine Sand 

SP-SM, SM 

10 Black Organic Muck PT 

 
Refer to Figures 5 through 15 for the approximate depth and thickness of each encountered 
stratum. 
 
Based on SPT N-values, the upper surficial sands ranged from very loose to medium dense 
conditions. The sandy clay and clay materials encountered ranged in consistency from very soft 
to very stiff.  Significantly thick (>5 feet) weight of rod (WR) and weight of hammer (WH) 
conditions were recorded in borings SPT-9, SPT-15, SPT-15C, SPT-16 and SPT-16A between 
the depths of 25 and 73 feet.  WR indicates that the SPT sampling tool fell under the static 
weight of the drill rod and WH indicates that the sampling tool fell under the static weight of the 
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drill rod and the SPT hammer. The limestone encountered had a very loose to very dense 
relative density, as indicated by SPT N-values.  Correlation of the SPT N-values with relative 
density, unconfined compressive strength and consistency are provided in the following table: 
 

Coarse-Grained Soils Fine Grained Soils 

Penetration 
Resistance N 

(blows/ft) 

Relative Density 
of Sand 

Penetration 
Resistance N 

(blows/ft) 

Unconfined 
Compressive 

Strength of Clay 
(tons/ft2) 

Consistency 
of Clay 

0-4 Very Loose <2 <0.25 Very Soft
4-10 Loose 2-4 0.25-0.50 Soft 

10-30 Medium-Dense 4-8 0.50-1.00 Medium 
30-50 Dense 8-15 1.00-2.00 Stiff 
>50 Very Dense 15-30 2.00-4.00 Very Stiff 

  >30 >4.00 Hard 
 
3.5 Shallow Water Table Conditions 
 
The stabilized groundwater levels were encountered at depths of 3 to greater than 20 feet in the 
borings completed across the project area. In general, the shallower depths of groundwater 
were encountered in the eastern portions of the site around wetland areas.  The measured 
groundwater levels are shown adjacent to the soil profiles on Figures 5 through 15.  The 
measured groundwater levels were used to create a contour map which is included as Figure 
23. 
 
Fluctuation of the groundwater table should be anticipated throughout the year due to variations 
in seasonal rainfall. Based on the time of year, the encountered groundwater levels, the amount 
of rainfall received to date, the predominant and somewhat varying clay soils encountered, we 
estimate that the normal wet season high groundwater table will exist in a perched at or slightly 
above the encountered clay confining soils layers. At boring locations where clay soils are not 
present, the normal seasonal high groundwater levels are estimated to occur at 2 to 3 feet 
above the recorded levels.  Expected seasonal high groundwater elevations under perched 
conditions are provided on the contour map included as Figure 24.  The perched groundwater 
elevations presented on Figure 24 can be used to design dry retention ponds.  If lined retention 
ponds are used with irrigation withdrawal for recovery, then the appropriate seasonal high 
groundwater levels will be controlled by potentiometric surface of the Floridan aquifer or actual 
groundwater levels, whichever are higher.  For the purpose of lined pond with irrigation 
withdrawal design we have prepared the appropriate seasonal high groundwater contour map 
presented on Figure 24A.  
 
3.6 Depths of Suitable Structural Soil 
 
The following table provides information on the depth of suitable structural soil at the auger and 
SPT boring locations. The depths are from the existing ground surface. Elevations are also 
provided for boring locations with elevation data. A graphical depiction of the approximate 
structural fill depths existing on the east half of the property is included in Figure 22. 
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Boring Location 

Elevation of 
Ground Surface at 
Boring Location 

(feet NAVD) 

Depth of Suitable 
Structural Soils 

(feet) 

Elevation of Bottom of 
Suitable Soil/Top of 

Unsuitable Soil 
(feet NAVD) 

AB-1 58.75 6.5 52.25 
AB-2 59.00 2 57.00 
AB-3 64.50 1 63.50 
AB-4 54.00 3.5 50.50 
AB-5 49.00 0 49.00 
AB-6 53.00 5 48.00 
AB-7 46.00 0 46.00 
AB-8 48.00 0 48.00 
AB-9 49.00 10 39.00 

AB-10 54.75 0 54.75 
AB-11 52.75 0 52.75 
AB-12 48.50 7 41.50 
AB-13 48.00 4 46.00 
AB-14 50.00 5 45.00 
AB-15 51.75 5 46.75 
AB-16 50.00 7 43.00 
AB-17 53.00 13 40.00 
AB-18 52.00 0 52.00 
AB-19 50.00 1.5 48.50 
AB-20 48.50 2 47.50 
AB-21 48.90 0.5 48.40 
AB-22 51.01 0 51.01 
AB-23 55.56 6 49.56 
AB-24 51.53 3 48.53 
AB-25 56.41 6 50.41 
AB-26 58.34 5 53.34 
AB-27 55.20 0 55.20 
AB-28 62.56 3 59.56 
AB-29 56.94 3 53.94 
AB-30 58.52 8 50.52 
AB-31 52.29 3 49.29 
AB-32 52.85 4 48.85 
AB-33 54.59 4.5 50.09 
AB-34 50.34 6 44.34 
AB-35 48.84 2.5 46.34 
AB-36 53.21 15 38.21 
AB-37 50.12 4 46.12 
AB-38 52.52 9 43.52 
AB-39 51.79 7 44.79 
AB-40 48.85 7 41.85 

Notes: 
1. AB-1 through AB-20 elevation of ground surface at boring location estimated based on 1 foot topographic 

LiDAR contour data obtained from SWFWMD. 
2. AB-21 through AB-40 elevation of ground surface at boring location surveyed by Farner Barley & 

Associates. 
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Boring Location 

Elevation of 
Ground Surface at 
Boring Location 

(feet NAVD) 

Depth of Suitable 
Structural Soils 

(feet) 

Elevation of 
Bottom of Suitable 

Soil/Top of 
Unsuitable Soil 

(feet NAVD) 
SPT-1 42.45 2 40.45 
SPT-2 43.81 0 43.81 
SPT-3 46.03 2 44.03 
SPT-4 41.16 2 39.16 
SPT-5 49.37 6 43.37 
SPT-6 45.75 6 39.75 
SPT-7 47.25 10 37.25 
SPT-8 52.50 13 39.50 
SPT-93 48.00 4 31.00 
SPT-10 50.00 16 34.00 
SPT-11 51.00 41 10.00 
SPT-12 49.00 8 41.00 
SPT-13 50.50 4 46.50 
SPT-14 46.25 6 40.25 
SPT-153 48.00 2 46.00 
SPT-163 48.00 4 44.00 
SPT-17 44.75 7 37.75 
SPT-18 51.00 6 45.00 
SPT-19 50.50 8 42.50 

Notes: 
1. SPT-1 through SPT-5 elevation of ground surface at boring location surveyed by Farner Barley 

& Associates. 
2. SPT-6 through SPT-12 elevation of ground surface at boring location estimated based on 1 foot 

topographic LiDAR contour data obtained from SWFWMD. 
3. Delineation borings A, B, C & D were also used to determine fill thickness. 

 
3.7 Laboratory Testing 
 
Laboratory testing for moisture content, Minus No. 200 Sieve Washes, and Atterberg limits was 
completed on selected samples to provide additional information for the subsurface soils. The 
table below presents the results of the laboratory testing: 
 

Boring 
No. 

Soil Stratum 
Moisture 

Content (%) 
% Passing 

No. 200 Sieve 
Liquid 

Limit (%) 
Plasticity 

Index 
AB-21 6-clayey sand 11 15 --- --- 
AB-23 7-fine sand 5 8 --- --- 
AB-27 6-clayey sand 14 27 23 7 
AB-28 6-clayey sand 13 20 --- --- 
AB-36 2-fine sand 6 9 --- --- 
AB-40 7-fine sand 6 8 --- --- 
SPT-6 6-clayey sand 15 23 --- --- 
SPT-7 3-clay 41 60 --- --- 

SPT-10 2-fine sand 4 4 --- --- 
SPT-11 9-fine sand 12 13 --- --- 
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Boring 
No. 

Soil Stratum 
Moisture 

Content (%) 
% Passing 

No. 200 Sieve 
Liquid 

Limit (%) 
Plasticity 

Index 
SPT-13 6-clayey sand 19 24 --- --- 
SPT-14 6-clayey sand 18 31 --- --- 
SPT-15 9-silty sand 22 23 --- --- 

SPT-15A 3-clay 14 56 --- --- 
SPT-15A 6-clayey sand 21 32 --- --- 
SPT-15D 6-clayey sand 24 48 --- --- 
SPT-16 1-fine sand 4 12 --- --- 
SPT-16 6-clayey sand 14 26 --- --- 

SPT-16A 9-silty sand 18 17 --- --- 
SPT-16C 6-clayey sand 11 33 --- --- 
SPT-16C 6-clayey sand 12 40 --- --- 
SPT-16E 3-clay 25 55 --- --- 
SPT-17 9-silty sand 24 15 --- --- 
SPT-18 9-silty sand 13 25 --- --- 
SPT-18 6-clayey sand 11 18 --- --- 
SPT-19 6-clayey sand 18 22 --- --- 

 
Laboratory results are also shown on the appropriate soil profiles. 
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4.0 KARST CONDITIONS 
 
4.1 Photolineament Analysis 
 
Lineaments are defined as physical features of the earth’s surface which are oriented in linear 
arrangements.  Photolineaments are lineaments which are identified using aerial photographs in 
combination with topographic maps.  These surface features represent underlying fractures of 
the limestone bedrock and are represented by trough like depressions, ridges marked by 
significant vegetation changes or changes in soil colorations.  The enhanced topographical 
surface characteristics of fractures in the underlying limestone are typically caused by increased 
surface recharge which causes solution of overlying strata. 
 
Vertical fracturing in a carbonate aquifer system can occur from propagation of basement 
structures through the overlying carbonates in response to crustal flexing caused by earth tides 
(Blanchet, 1957).  Surface lineaments have been long recognized as surface manifestations of 
underlying vertical to near-vertical zones of fracture concentrations (Lattman and Parizek, 
1964). Surface lineaments are typically orthogonally oriented with angles between 45 and 55 
degrees east and west of north.  In a karst carbonate aquifer system, such as the system 
underlying the Ocala Ranch project area, fracture zones can be enlarged by chemical 
dissolution. 
 
Photolineaments were mapped by Robert O. Vernon (1951) for the regional areas of north 
Florida. The fractures mapped by Vernon within the vicinity of the project area are shown on 
Figure 25. 
 
For the property associated with the Ocala Ranch development, a site specific fracture trace 
analysis was conducted in order to determine the subsurface stability over these areas.  The 
site specific analysis consisted of reviewing topographical maps and aerial photographs. 
 
In order to examine photolineaments existing within and in the vicinity of the subject properties, 
AEI utilized aerial photographs with approximate scales of 1"=2,000' and 1"=6,000' and 
topographic contour maps with scales of 1"=2,000' and 1"=6,000'.  The photographs were 
inspected for soil colorations, natural drainage features, depressional areas possibly indicating 
karst conditions and vegetation changes.  In addition to the aerial photographs, one and five 
foot contour topographical maps were utilized to inspect the surface topography for depressions 
and sinks which may indicate surface subsidence caused by past karst activity.  A map of 
anomalies resulting from the site specific GPR survey was also utilized. 
 
Based on Vernon’s work and the fracture trace analysis conducted at this time, one physical 
feature which appears to represent a potential fracture (photolineaments) has been identified 
transecting the subject property in a northwest-southeast direction.  The mapped on-site and 
off-site photolineaments are shown on Figure 26.  The on-site photolineament appears to 
correspond to a fault that was mapped by Vernon in 1951. 
 
Photolineaments do not necessarily indicate significant potential for sinkhole formation, 
however, it is noted that an increased potential exists.  In addition, the presence of these 
features does not necessarily indicate vulnerability of the underlying aquifers to contamination 
from surface sources. Based on the number of photolineaments mapped over the subject area, 
the fracture density can be classified as average for areas of north Florida. 
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4.2 Locally Reported Sinkholes 
 
In order to determine the occurrence of sinkholes in the vicinity of the project area, the sinkhole 
database developed by the Florida Sinkhole Research Institute and maintained by the Florida 
Geological Survey was searched.  The database includes locations, addresses, dates of 
occurrence of approximately 2,000 sinkholes reported in Florida between 1972 and 2016. 
Results from the database search revealed two (2) sinkholes in vicinity of the subject property.  
The reported sinkholes are shown on Figure 27 and pertinent information is provided in the 
following table: 
 

Sinkhole Inventory # Location Date of occurrence Diameter (ft) 

1843 CR 200 November 15, 1973 <10 

2044 
10875 SW 155th 

Street, Dunnellon, FL 
September 23, 2004 <10 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 Karst Evaluation 
 
Virtually all land areas in carbonate platform regions, such as Florida, possess some potential 
for Karst activity and subsequent sinkhole formation. Geologic and hydrogeologic conditions of 
this area of Marion County generally satisfy the prerequisites required for the development of 
the sinkhole process. Sinkhole activity is evident on the USGS maps and aerial photographs of 
the site and surrounding area by circular depressions and closed elevation contours.  Many of 
these depressions formed over a long period of time (geologic time) of hundreds to thousands 
of years. Although an occasional sinkhole can collapse suddenly, the process of limestone 
dissolution that forms the underground cavities which receive the collapsing materials takes a 
long period of time. 
 
Generally, there are two types of naturally occurring sinkholes, raveled sinkholes and collapse 
sinkholes. In order for the raveled type sinkhole process to begin and continue, a conveying 
path must be continuously available through the clayey confining beds to transmit the erodible 
soils (silts and sands) into openings or cavities in the underlying limestone formation. 
Additionally, a significant to moderate downward groundwater gradient of flow must be present 
between the shallow and deep aquifer systems to drive the internal soil erosion process.  Water 
is usually the driving force that creates the erosion, which is also known as raveling. Although 
this process is generally understood, the complex combination of subsurface characteristics 
necessary for it to begin or accelerate, are very difficult to define. Current technology and 
information are not adequate to accurately predict such occurrences. However, it is possible to 
evaluate the potential for and presence of these conditions which can be inferred by test boring 
data and local experience. 
 
The presence of, or potential for, solution channels to transmit soil particles cannot be directly 
evaluated. Their presence and influence is normally inferred indirectly by noting the loss of 
drilling fluid circulation and the presence of abnormally loose/soft subsoil conditions during the 
performance of Standard Penetration Testing (indicated by SPT "N"-values of 1, WH or WR). 
The loss of drilling fluid circulation in soils, which would normally be impervious to the thick 
bentonite drilling slurry used during drilling to keep the hole open, is an indicator that conveying 
seepage passages may exist. This occurrence, coupled with the presence of very loose soils of 
an erodible texture and composition, would suggest a potential for or evidence of the internal 
erosion process. However, to predict the time when a sinkhole may start to form is still beyond 
our current technology of testing and engineering evaluation. 
 
Collapse type sinkholes occur when the structure of the limestone formation and the clayey and 
sandy soil above a cavity in the limestone fails, or collapses. In this case, the limestone 
formation and the clayey and sandy soil above the cavity erodes to a point where it is too weak 
to support the overburden materials. With Standard Penetration Test borings, cavities are 
usually identifiable by zones with no resistance to the weight of hammer or weight of drilling rod, 
as well as losses of drilling fluid circulation. 
 
The results of borings SPT-9, SPT-12, SPT-15, SPT-16 and SPT-16A revealed very loose/very 
soft raveled soil zones.  SPT boring SPT-18 encountered a shallow (1.5 feet thick) raveled zone 
between the depths of 33.5 and 35 feet.  Borings SPT-9, SPT-15C, SPT-16 and SPT-16A 
encountered losses of drilling fluid circulation at or near the raveled zones. The raveled 
observed conditions were encountered in four of the Level A GPR anomalies.  Due to the fact 
that we encountered unstable, raveled soil zones at these boring locations, it is our opinion that 
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the potential for future sinkhole development at and/or near these particular boring locations is 
relatively high. Supplementary borings were conducted to define the lateral limits of the more 
severe conditions encountered at boring locations SPT-9, SPT-15 and SPT-16.  The 
approximate limits of unstable subsurface conditions at these locations are shown in Figures 
4A, 4B and 4C.  It is our recommendation that the development plan for this project should 
minimize the use of these areas (SPT-9, SPT-12, SPT-15 and SPT-16) as much as possible. 
The best use of these areas would be parks, nature trails, open areas and other passive uses.  
However, we understand that some of these areas may need to be used to construct roadways, 
utilities, and retention ponds. It is possible to mitigate the loose subsurface soil condition by 
pressure grouting and other techniques. 
 
The subsurface conditions encountered at the other boring locations are relatively stable. The 
soil boring results indicate that the potential for future sinkhole development at these specific 
locations is relatively low. Normal development can be planned over these areas, including 
roadways and buildings. 
 
Some of the borings performed for this study encountered subsurface conditions that are 
believed to have a relatively high probability for future sinkhole development (SPT-9, SPT-12, 
SPT-15 and SPT-16).  This opinion is based on zones within the subsurface profile that were 
very loose or very soft, combined in many instances with a loss of drilling fluid circulation. 
Remedial measures will need to be undertaken at these locations to improve the very loose/very 
soft soils encountered prior to construction of roads, utilities, retention ponds and other 
structures. Although there are remedial measures that can be used to reduce the probability of 
future sinkhole development, we consider it a prudent measure not to develop structures in 
these areas of the site.  If any of these areas need to be developed, the development shall be 
limited to roadways, utilities and other non-structural areas.  Construction of buildings, retaining 
walls, retention ponds, pump stations or other similar structures is not recommended. Additional 
concern areas may be identified during our on-going geotechnical field efforts. 
 
The majority of the borings drilled encountered subsurface conditions that appear to be stable. 
The probability of future sinkhole development at these locations is considered to be relatively 
low. Although the depressions at some locations may have been caused by past sinkhole 
activity, the subsurface conditions encountered in these borings do not appear to warrant any 
remedial measures prior to construction. 
 
A major factor in sinkhole development is groundwater movement from the surficial aquifer into 
the limestone formation. Therefore, to minimize the potential for future sinkhole development at 
this site, it is critical to capture as much stormwater runoff as possible from the impervious areas 
of site. It is recommended that stormwater runoff be directed to lined retention ponds to help 
minimize seepage into the limestone formation and so that a hydraulic gradient does not 
develop in pond areas where the water will stage up during and after storm events. An 
impervious liner system (HDPE, Geosynthetic Clay) would be the most likely type of liner 
system. Lined stormwater retention ponds will also provide an aesthetic appearance for the 
development and will be a suitable source for irrigation water supply. 
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5.2 Mass Grading 
 
Based on the results of our subsurface exploration program (exclusive of the areas mentioned 
in the preceding section), it is our opinion that the site is generally suitable for the planned 
development. The main constraints for development of the site are the presence of near surface 
clayey soils, high groundwater table conditions in some areas, debris, and organic soils 
within/near wetlands. The following are general recommendations for consideration during 
preliminary planning and design: 

 
 A minimum separation of 2 feet should be maintained between the seasonal high 

groundwater table and the bottom of pavement base materials and foundations/slabs. 
Groundwater levels can be artificially controlled with underdrains if the minimum 
separation cannot be achieved. 

 
 Any clayey soils located within 2 feet of the bottom of slabs/footings and pavement base 

materials should be over-excavated and replaced with well drained fine sand. 
 
 Any shallow deposits of organic soils present within the development areas should be 

over-excavated and replaced with compacted engineered fill. 
 
 Conventional site preparation is anticipated for the construction of roadways, parking 

areas, and building sites. This should include removal of unwanted vegetation, topsoil, 
roots, organic soils, boulders, near surface clayey soils, and any soils containing debris. 
The exposed soils and any fill soils should be compacted in accordance with the project 
specifications. 

 
5.3 Stormwater Management System 
 
The expected seasonal high groundwater levels over the gross majority of project area will be 
encountered between the ground surface and 5 feet below the existing ground surface.  Isolated 
areas in the central of portion of the site will have seasonal high groundwater levels slightly 
deeper than 5 feet.  For the areas of the site with a deeper groundwater table the design and 
construction of wet ponds (suitable for stormwater capture and reuse) will require the use of a 
liner system (HDPE or Geosynthetic Clay) to artificially control water levels at/near the design 
pool elevations. Wet ponds within the remaining areas of the site where the groundwater table is 
relatively shallow may be designed without a liner system. For wet pond design, we recommend 
using the following criteria: 
 

 No liner for wet retention ponds where the Normal Control Level (NCL) is at the seasonal 
high groundwater table or a maximum of 2 feet above the seasonal high groundwater 
table for ponds with depths of 8 feet or more. 

 
 No liner for wet retention ponds where the NCL is at the seasonal high groundwater 

table or a maximum of 4 feet above the seasonal high groundwater table for ponds with 
depths of 10 feet deep or more. 

 
 Liner is required for wet retention ponds where the NCL is greater than 2 feet above the 

seasonal high groundwater table for ponds that are 8 feet deep or greater than 4 feet 
above the seasonal high groundwater table for ponds that are 10 feet deep or greater. 



 

20 

Dry ponds may be suitable where there is enough sandy aquifer for adequate recovery.  
Depending on pond geometry, recovery volume, and surficial aquifer thickness dry bottom 
retention pond design may require the use of underdrains to artificially recover stormwater 
within the required time period. Any underdrain system will require a positive outfall or be 
directed to a lined retention pond with stormwater capture for irrigation. 
 
Proposed Liner Installation 
 
Presented below are project specific soil preparation guidelines for pond liner installation: 
 

 A Geosynthetic Clay Liner (GCL) or a 40-mil HDPE liner shall be used for all lined 
retention ponds. 

 
 Excavate the pond to the design depth of liner.  Vibrate the entire pond bottom and slope 

areas with a heavy vibratory roller prior to placement of the liner. The vibration process 
should be observed by a geotechnical engineer so that any observed loose areas of soil 
can be addressed.  The geotechnical engineer will provide excavation and compaction 
recommendations based on any loose conditions observed during this process.  All 
loose areas or pumping conditions will be field marked and surveyed to allow 
subsequent testing, if necessary. 

 
 Perform a Ground Penetrating Radar (GPR) survey on a grid pattern within pond bottom 

and slope areas. Grid spacing should not exceed 20 feet. Control points must be 
surveyed. 

 
 Based on the GPR and vibratory rolling results the geotechnical engineer shall 

determine if soil borings need to be drilled within the apparent unstable or suspect areas 
identified by the vibratory rolling and/or GPR testing. At least one soil boring shall be 
drilled under the proposed inlet structure to allow specific recommendations for over-
excavation and placement of the structure. 

 
 Following drilling of the soil borings, the geotechnical engineer shall provide specific 

recommendations for pond bottom stabilization, if necessary. 
 
 Prior to placement of the liner, excavate soil from beneath all pond inlet structures and 

extend the excavation horizontally a minimum distance of 30 feet along the pipe trench. 
Excavate the soil from beneath the inlet foundation structure a minimum of 5 feet 
horizontally in all directions as measured from the outside edge of the structure and a 
minimum depth of 5 feet below the bottom of the base of the footing of the structure. The 
excavation should also extend to a depth of 5 feet below the pipe invert elevation. Place 
pond liner at the bottom of excavation below the pipe inlet structure and extending along 
the pipe trench. The pipe trench should be excavated on a 3:1 slope to allow for the 
placement of the liner. The liner should extend to the top of the pipe trench and also 
extend along the top of the pond a minimum distance of 40 feet from the inlet before 
tapering down to the design elevation. 

 
 Replace the excavated soil in loose lifts not exceeding 12 inches in thickness and 

compact soil per standard compaction criteria. 
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 Install liner per manufacturer’s specifications and as required by the project construction 
specifications. 

 
 The lined ponds shall be carefully monitored after liner installation for leaks and liner 

damage. The final inspection and verification of liner installation shall be documented by 
the geotechnical engineer in a report submitted to the owner. 

 



 

 

FIGURES 
 
U.G.S.G. Topographic Map ............................................................................................... Figure 1 
N.R.C.S. Soil Survey Map .................................................................................................. Figure 2 
Site Map Showing Locations Level A, B & C Anomalies ................................................... Figure 3 
Boring Location Plan ................................................................................. Figures 4, 4A, 4B, & 4C 
Soil Profiles ................................................................................................................. Figures 5-15 
Cross Section A-A’ ........................................................................................................... Figure 16 
Cross Section B-B’ ........................................................................................................... Figure 17 
Cross Section C-C’ .......................................................................................................... Figure 18 
Cross Section D-D’ .......................................................................................................... Figure 19 
Cross Section E-E’ ........................................................................................................... Figure 20 
Cross Section F-F’ ........................................................................................................... Figure 21 
Thickness of Surficial Usable Fill Materials ...................................................................... Figure 22 
Groundwater Elevation Contour Map ............................................................................... Figure 23 
Estimated Seasonal High Water Table Contour Map for Perched Conditions ................. Figure 24 
Estimated Long Term Seasonal High Groundwater Contour Map ................................ Figure 24A 
Fractures & Faults ............................................................................................................ Figure 25 
Site Specific Fracture Trace Map ..................................................................................... Figure 26 
Subsidence Incident Reports ........................................................................................... Figure 27



Copyright:© 2013 National Geographic Society, i-cubed

³

GEOTECHNICAL INVESTIGATION AND
KARST EVALUATION

OCALA RANCH
MARION COUNTY, FL

U.S.G.S. TOPOGRAPHIC MAP
FIGURE  1

DATE:11/14/16
PN:APGT-16-049

ENGINEER:JE
DRAWN BY: DLS

APPROXIMATE SCALE:

AS SHOWN

ANDREYEV
ENGINEERING,
INC.

³

0 2,000 4,000
Feet

1 " = 2,000 '

Source:
ArcGIS Online USA Topographic Map
BaseMap Layer November 14, 2016
Property boundary obtained from Farner Barley &
Associates, Inc. on July 28, 2016 Legend:

Approximate Subject Project Boundary

Reference:
U.S.G.S. Stokes Ferry, FLA.
Dated 1954
Photorevised 1988
and
Dunnellon SE, FLA.
Dated 1991

Sections 20, 21, 25, 26, 27, 28 & 30
Township 17 South
Range 20 East



CITRUS

MARION

42

65

5

5

4242

65

42

65

61

5

42

11

42

61

42

65

25

54 40

42

25

48

2

25 42

61

25

42

65

48

99

42

25

43

65

40³

MARION COUNTY, FL
N.R.C.S. SOIL SURVEY MAP

FIGURE 2
DATE: 11/14/16
PN:APGT-16-049

ENGINEER:SC
DRAWN BY: DLS

APPROXIMATE SCALE:

AS SHOWN

ANDREYEV
ENGINEERING,
INC.

³

0 2,000 4,000
Feet

1 " = 2,000 '

Soil Data Source: USDA NRCS Web Soil Survey BaseMap World_Imagery & World
Transportation Layers provided by ArcGIS Online
November 14, 2016
Property boundary obtained from Farner Barley &
Associates, Inc. on July 28, 2016

GEOTECHNICAL INVESTIGATION AND
KARST EVALUATION

OCALA RANCH

Legend:
Project Boundary
County Line

Soil Type
Adamsville sand, 0 to 5 percent slopes
Apopka sand, 0 to 5 percent slopes
Eaton loamy sand
Holopaw sand
Jumper fine sand, 0 to 5 percent slopes
Kanapaha fine sand, 0 to 5 percent slopes
Lynne sand
Paisley loamy fine sand
Pedro-Arredondo complex, 0 to 5 percent slopes
Pomona sand
Sparr fine sand, 0 to 5 percent slopes
Water

2
5

25
40
42
43
48
54
11
61
65
99





!A

!A

!A

!A
!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A !A

!A

!A

!A !A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A

!A
!A

!A!A

!A

!A !A

!A

!A

!A

!A

!A

AB-9

AB-8

AB-7

AB-1
AB-4

AB-5

AB-6

AB-2

AB-3

AB-34

AB-40

AB-39

AB-38

AB-36

AB-37

AB-35

AB-31

AB-32 AB-33

AB-30
AB-29

AB-21

AB-22

AB-23

AB-24

AB-25
AB-26

AB-27

AB-28

AB-19

AB-14

AB-15

AB-20

AB-18

AB-17

AB-16

AB-13

AB-12AB-11

AB-10

SPT-9

SPT-8

SPT-7

SPT-6

SPT-1 SPT-2

SPT-4

SPT-3

SPT-5

SPT-18

SPT-17

SPT-16

SPT-19

SPT-15

SPT-14

SPT-13

SPT-11

SPT-12

SPT-10

³

BORING LOCATION PLAN
FIGURE  4DRAWN BY: DLS

APPROXIMATE SCALE:

AS SHOWN

ANDREYEV
ENGINEERING,
INC.

³

0 2,000 4,000
Feet

1 " = 2,000 '

Legend:
Approximate Subject Project Boundary

!A Approximate Location of Auger Boring
!A Approximate Location of SPT Boring

Geologic Cross Section

Source:
BaseMap World_Imagery & World
Transportation Layers provided by ArcGIS Online
November 14, 2016
Property boundary obtained from Farner Barley & Associates, Inc.
on July 28, 2016

MARION COUNTY, FL

DATE: 11/14/16
PN:APGT-16-049

ENGINEER:JE

A A'

B

B'

C C'

D

D'

E

E'

F

F'

GEOTECHNICAL INVESTIGATION AND
KARST EVALUATION

OCALA RANCH



!A

!A

!A

!A

SPT-9

SPT-9C

SPT-9B

SPT-9A

³

BORING LOCATION PLAN
SPT-9

FIGURE  4ADRAWN BY: DLS

APPROXIMATE SCALE:

AS SHOWN

ANDREYEV
ENGINEERING,
INC.

³

Legend:
!A Approximate Location of SPT Boring

Approximate Subject Project Boundary
Approximate Limits of Unstable Subsurface Conditions

Source:
BaseMap World_Imagery & World Street Map
provided by ArcGIS Online November 14, 2016
Property boundary obtained from Farner Barley & Associates, Inc.
on July 28, 2016

MARION COUNTY, FL

DATE: 11/14/16
PN:APGT-16-049

ENGINEER:JE

GEOTECHNICAL INVESTIGATION AND
KARST EVALUATION

OCALA RANCH

!A

!A

!A

!A!A

!A

!A

!A

!A

!A
!A

!A
!A

!A

!A

!A

!A

!A

!A

!A!A!A!A!A
!A!A!A
!A!A

!A!A

Location of Boring SPT-9

0 40 80
Feet

1 " = 40 '



!A

!A

!A!A

!A

SPT-15

SPT-15B SPT-15C

SPT-15A

SPT-15-D

³

BORING LOCATION PLAN
SPT-15

FIGURE  4BDRAWN BY: DLS

APPROXIMATE SCALE:

AS SHOWN

ANDREYEV
ENGINEERING,
INC.

³

Legend:
!A Approximate Location of SPT Boring

Approximate Subject Project Boundary
Approximate Limits of Unstable Subsurface Conditions

Source:
BaseMap World_Imagery & World Street Map
provided by ArcGIS Online November 14, 2016
Property boundary obtained from Farner Barley & Associates, Inc.
on July 28, 2016

MARION COUNTY, FL

DATE: 11/14/16
PN:APGT-16-049

ENGINEER:JE

GEOTECHNICAL INVESTIGATION AND
KARST EVALUATION

OCALA RANCH

!A

!A

!A

!A!A

!A

!A

!A

!A

!A
!A

!A
!A

!A

!A

!A

!A

!A

!A

!A!A!A!A!A
!A!A!A
!A!A

!A!A

Location of Boring SPT-15

0 40 80
Feet

1 " = 40 '



!A!A

!A

!A

!A

!A

SPT-16

SPT-16E

SPT-16D

SPT-16C

SPT-16B

SPT-16A

³

BORING LOCATION PLAN
SPT-16

FIGURE  4CDRAWN BY: DLS

APPROXIMATE SCALE:

AS SHOWN

ANDREYEV
ENGINEERING,
INC.

³

Legend:
!A Approximate Location of SPT Boring

Approximate Subject Project Boundary
Approximate Limits of Unstable Subsurface Conditions

Source:
BaseMap World_Imagery & World Street Map
provided by ArcGIS Online November 14, 2016
Property boundary obtained from Farner Barley & Associates, Inc.
on July 28, 2016

MARION COUNTY, FL

DATE: 11/14/16
PN:APGT-16-049

ENGINEER:JE

GEOTECHNICAL INVESTIGATION AND
KARST EVALUATION

OCALA RANCH

!A

!A

!A

!A!A

!A

!A

!A

!A

!A
!A

!A
!A

!A

!A

!A

!A

!A

!A

!A!A!A!A!A
!A!A!A
!A!A

!A!A

Location of Boring SPT-16

0 40 80
Feet

1 " = 40 '













































³

MARION COUNTY, FL
FRACTURES & FAULTS

FIGURE  25
DATE: 11/14/16
PN:APGT-16-049

ENGINEER:JE
DRAWN BY: DLS

APPROXIMATE SCALE:

AS SHOWN

ANDREYEV
ENGINEERING,
INC.

³
Source:
Property boundary obtained from Farner Barley &
Associates, Inc. on July 28, 2016
Fractures & Faults Map obtained from U.S. Geological
Survey, Water-Resources Investigations Report I-73

0 2 4
Miles

1 " = 2 miles

Legend:
Approximate Subject Property Boundary
Fault (from Vernon, 1951)
Fracture (from Vernon, 1951)

GEOTECHNICAL INVESTIGATION AND
KARST EVALUATION

OCALA RANCH



Copyright:© 2013 National Geographic Society, i-cubed

³

GEOTECHNICAL INVESTIGATION AND
KARST EVALUATION

OCALA RANCH
MARION COUNTY, FL
SITE SPECIFIC

FRACTURE TRACE MAP
FIGURE  26

DATE: 11/14/16
PN:APGT-16-049

ENGINEER:JE
DRAWN BY: DLS

APPROXIMATE SCALE:

AS SHOWN

ANDREYEV
ENGINEERING,
INC.

³

0 10,000 20,000
Feet

1 " = 10,000 '

Source:
ArcGIS Online USA Topographic Map
BaseMap Layer November 14, 2016
Property boundary obtained from Farner Barley &
Associates, Inc. on July 28, 2016

Legend:
Approximate Subject Project Boundary
Fracture Trace Identified by AEI



!(

!( 1843

2044

³

MARION COUNTY, FL
SUBSIDENCE INCIDENT REPORTS

FIGURE 27
DATE: 11/14/16
PN:APGT-16-049

ENGINEER:RJ
DRAWN BY: DLS

APPROXIMATE SCALE:

AS SHOWN

ANDREYEV
ENGINEERING,
INC.

³

0 2,000 4,000
Feet

1 " = 2,000 '

Legend:
Approximate Subject Project Boundary

!( Subsidence Incident Reports

Source(s): BaseMap World_Imagery & World
Transportation Layers provided by ArcGIS Online November 14, 2016
Property boundary obtained from Farner Barley & Associates, Inc.
on July 28, 2016
Florida Department of Environmental Protection
Subsidence incidents reported to the Florida Geological
Survey; obtained April 29, 2016 from
http://www.dep.state.fl.us/gis/datadir.htm

GEOTECHNICAL INVESTIGATION AND
KARST EVALUATION

OCALA RANCH



 

 

APPENDIX A 
 

GROUND PENETRATING RADAR SURVEY 



FINAL REPORT
GROUND PENETRATING RADAR SURVEY

OCALA RANCH SITE
OCALA, FLORIDA

Prepared for Andreyev Engineering, Inc.
St. Petersburg, Florida

Prepared by GeoView, Inc.
St. Petersburg, Florida



May 27, 2016

Mr. Jeff Eller, P.E.
Andreyev Engineering, Inc.
3740 54th Avenue North
St. Petersburg, Florida 33714

Subject: Transmittal of Final Report for GPR Survey
Ocala Ranch Site - Ocala, FL
GeoView Project Number - 23665

Dear Mr. Eller,
GeoView, Inc. (GeoView) is pleased to submit the final report that

summarizes and presents the results of the ground penetrating radar survey
conducted at the above referenced site. GeoView appreciates the opportunity to
have assisted you on this project. If you have any questions or comments about the
report, please contact us.

Sincerely,
GEOVIEW, INC.

Chris Taylor, P.G.
Vice President
Florida P.G. Number 2256

Michael J. Wightman, P.G.
President
Florida P.G. Number 1423

A Geophysical Services Company

4610 Central Avenue Tel.: (727) 209-2334
St. Petersburg, FL 33711 Fax: (727) 328-2477



Page 1

1.0 Introduction
A ground penetrating radar (GPR) survey was conducted at the Ocala Ranch

site located east of SR 200 in Ocala, Florida. The investigation was performed
from April 5th to May 3rd, 2016. The location of the survey area is shown on Figure
1. The purpose of the investigation was to help characterize near-surface
geological conditions and to identify areas of suspected karst activity.

The site was approximately 2100 acres in size (Figure 1). At the time of the
investigation, the majority of the survey area was comprised of open grass fields.
Small areas of dense vegetation/woods were present within the survey area. These
areas were only partially inaccessible to the investigation.
2.0 Description of Geophysical Investigation

The GPR data was collected with a Mala radar system using a 250-
megahertz antenna with a time range setting of 162 nano-seconds. This time range
setting provided information to an estimated depth 10 to 25 ft below land surface
(bls). The data was collected on perpendicular transects spaced approximately 100
ft apart within the accessible areas of the site. A description of the GPR technique
and the methods employed for geological characterization studies is provided in
Appendix 2.1.

The positions of the geophysical transect lines were recorded using a
Trimble GeoXH Global Positioning System (GPS). A Wide Area Augmentation
System (WAAS) was used to augment GPS with additional signals for increasing
the reliability, integrity, accuracy and availability of the GPS signal. By using
WAAS, an accuracy of less than 3 feet in the horizontal dimension was achieved.
In areas of dense tree canopy, the accuracy of the GPS signal was typically
reduced.

3.0 Characterization of GPR Anomalies Relative Sinkhole Potential
The severity of GPR anomalies relative to their potential for identifying

potentially active sinkhole features can be ranked at three levels. Level A features
are the most severe and have the highest potential for sinkhole activity while Level
C features are the least severe and have the lowest potential for sinkhole activity.
The characterization of the ranking levels is as follows:
Level A: Level A anomalies are characterized by a severe downwarping towards a
common center and possible discontinuity of the GPR reflector sets associated
with various soil horizons. Such features typically have with a bowl or funnel
shaped configuration and can be associated with a deflection of overlying
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sediment horizons caused by the migration of sediments into possible voids in the
underlying limestone. In Level A anomalies, a localized significant increase in the
depth of the penetration and/or amplitude of the GPR signal response is observed.
The increase in GPR signal penetration depth or amplitude is often associated with
either a localized increase in sand content at depth or decrease in soil density.
Level B: Level B anomalies are similar to Level A with the following exceptions.
The GPR reflector sets are not usually observed to be downwarping as severe as
within the Level A anomalies. The increase in the depth of penetration and
amplitude of the GPR signal within the anomaly areas is usually moderate.
Level C: Level C anomalies are characterized by a less severe, localized increase
in penetration of the GPR signal . The downwarping of the GPR reflector sets
within the anomaly areas are minor. The increase in penetration may be associated
with a localized increase in thickness of the surficial sand stratum.

As previously stated, Level A GPR anomalies have the highest potential for
being associated with active sinkhole features. However, it is not possible based
on the GPR data alone to determine if an identified feature is a sinkhole or, more
importantly, whether that feature is an active sinkhole.

4.0 Survey Results
Results of the GPR survey indicated the presence of one well-defined,

relatively continuous sets of GPR reflectors at a depth range of 1 to 20 ft bls.
These reflector sets are most likely associated with the transition between the
surficial sand and an underlying clay or clayey sand stratum

Numerous GPR anomalies were observed at the project site. Approximately
50 were classifies as Level A Anomalies (most severe), 95 were classified as Level
B anomalies, and the majority were classified as Level C anomalies (least severe).
The Level A anomalies are shown in red on Figures 1 and 2. The Level B
anomalies are shown in dark blue on Figure 2. The Level C anomalies are shown
in light blue on Figure 2. Each of the GPR anomalies was characterized by an
observed downwarping of the previously discussed GPR reflector sets and a
localized increase in penetration of the GPR signal. The coordinates for the
apparent centers of eighteen of the most significant of the Level A anomalies and
three of the Level B anomalies are provided in Table 1. The locations of the
centers of these specified anomalies are also shown in magenta on Figures 1 and 2.

Examples of the GPR data collected across each type of the GPR anomalies
are provided in Appendix 1. A discussion of the limitations of the GPR technique
in geological characterization studies is provided in Appendix 2.
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Table 1
Location of Apparent Centers for

Specified Level A and B GPR Anomalies

Northing Easting Latitude Longitude Level ID
1689253.5 560093.8 28.980305 -82.300491 A C
1689407.1 558627.9 28.980717 -82.305077 A G
1690963.4 558592.9 28.984997 -82.305199 A D
1691909.6 558461.4 28.987598 -82.305618 A I
1692802.0 557712.4 28.990047 -82.307968 A J
1695181.2 555074.9 28.996571 -82.316238 A M
1688485.2 561799.8 28.97820386 -82.29514925 A A-1
1687450.8 559713.5 28.97534452 -82.30166602 A A-2
1688913.4 558152.2 28.97935588 -82.30656081 A A-3
1689461.8 557797.2 28.98086146 -82.30767565 A A-4
1690017.6 556799.9 28.9823829 -82.31079936 A A-5
1690352.2 558096.0 28.98331253 -82.30674833 A A-6
1690023.3 561070.0 28.98242888 -82.29744391 A A-7
1691013.2 562979.3 28.9851642 -82.29147978 A A-8
1692047.8 559695.7 28.98798698 -82.30175841 A A-9
1692374.2 558084.7 28.98887325 -82.30680012 A A-10
1693109.2 558334.9 28.9908964 -82.30602347 A A-11
1698334.5 550278.0 29.00520678 -82.33127098 A A-12
1687613.5 561201.8 28.97580252 -82.2970125 B B-1
1691506.8 561993.7 28.98651498 -82.29456637 B B-2
1694995.0 550664.0 28.99602577 -82.33003425 B B-3

Northing and Easting in US State Plane, NAD83 (Conus), Feet



APPENDIX 1
FIGURES AND EXAMPLES OF GPR ANOMALIES
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GPR Transect 275 Showing Example of a Level A Anomaly
(Marked at Anomaly G on Figures)

Anomaly G



GPR Transect 312 Showing Example of a Level A Anomaly
(Marked at Anomaly I on Figures)

Anomaly I



GPR Transect 274 Showing Example of a Level A Anomaly
(Marked at Anomaly A-4 on Figures)

Anomaly A-4



GPR Transect 22 Showing Example of a Level B Anomaly
(Marked at B-1 on Figures)

Anomaly B-1
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GPR Transect 168 Showing Example of a Level C Anomaly
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APPENDIX 2
DESCRIPTION OF GEOPHYSICAL METHODS, SURVEY

METHODOLOGIES AND LIMITATIONS

2.1 Ground Penetrating Radar

Ground Penetrating Radar (GPR) consists of a set of integrated electronic
components that transmits high frequency (200 to 1500 megahertz [MHz])
electromagnetic waves into the ground and records the energy reflected back to the
ground surface. The GPR system consists of an antenna, which serves as both a
transmitter and receiver, and a profiling recorder that both processes the incoming
signal and provides a graphic display of the data. The GPR data can be reviewed
as both printed hard copy output or recorded on the profiling recorder’s hard drive
for later review. GeoView uses a Mala GPR system. Geological characterization
studies are typically conducted using a 250 MHz antenna.

A GPR survey provides a graphic cross-sectional view of subsurface
conditions. This cross-sectional view is created from the reflections of repetitive
short-duration electromagnetic (EM) waves that are generated as the antenna is
pulled across the ground surface. The reflections occur at the subsurface contacts
between materials with differing electrical properties. The electrical property
contrast that causes the reflections is the dielectric permittivity that is directly
related to conductivity of a material. The GPR method is commonly used to
identify such targets as underground utilities, underground storage tanks or drums,
buried debris, voids or geological features.

The greater the electrical contrast between the surrounding earth materials
and target of interest, the greater the amplitude of the reflected return signal.
Unless the buried object is metal, only part of the signal energy will be reflected
back to the antenna with the remaining portion of the signal continuing to
propagate downward to be reflected by deeper features. If there is little or no
electrical contrast between the target interest and surrounding earth materials it
will be very difficult if not impossible to identify the object using GPR.

The depth of penetration of the GPR signal is very site specific and is
controlled by two primary factors: subsurface soil conditions and selected antenna
frequency. The GPR signal is attenuated (absorbed) as is passes through earth
materials. As the energy of the GPR signal is diminished due to attenuation, the
energy of the reflected waves is reduced, eventually to the level that the reflections
can no longer be detected. The more conductive the earth materials, the greater the
GPR signal attenuation, hence a reduction in signal penetration depth. In Florida,
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the typical soil conditions that severely limit GPR signal penetration are near-
surface clays and/or organic materials.

The depth of penetration of the GPR signal is also reduced as the antenna
frequency is increased. However, as antenna frequency is increased the resolution
of the GPR data is improved. Therefore, when designing a GPR survey a tradeoff
is made between the required depth of penetration and desired resolution of the
data. As a rule, the highest frequency antenna that will still provide the desired
maximum depth of penetration should be used. For most sinkhole studies, a low-
frequency (250 MHz) antenna is used. This allows for maximum signal
penetration and thereby maximum depth from which information will be obtained.

A GPR survey is conducted along survey lines (transects), which are
measured paths along which the GPR antenna is moved. Electronic marks are
placed in the data by the operator at designated points along the GPR transects.
These marks allow for a correlation between the GPR data and the position of the
GPR antenna on the ground.

Depth estimates to the top of lithological contacts or sinkhole features are
determined by dividing the time of travel of the GPR signal from the ground
surface to the top of the feature by the velocity of the GPR signal. The velocity of
the GPR signal is usually obtained from published tables of velocities for the type
and condition (saturated vs. unsaturated) of soils underlying the site. The accuracy
of GPR-derived depths typically ranges from 20 to 40 percent of the total depth.
Interpretation and Limitations of GPR data

The analysis and collection of GPR data is both a technical and interpretative
skill. The technical aspects of the work are learned from both training and
experience. Having the opportunity to compare GPR data collected in numerous
settings to the results from geotechnical studies performed at the same locations
develops interpretative skills for geological characterization studies.

The ability of GPR to collect interpretable information at a project site is
limited by the attenuation (absorption) of the GPR signal by underlying soils.
Once the GPR signal has been attenuated at a particular depth, information
regarding deeper geological conditions will not be obtained. GPR data can only
resolve subsurface features, which have a sufficient electrical contrast between the
feature in question and surrounding earth materials. If an insufficient contrast is
present, the subsurface feature will not be identified. GeoView can make no
warranties or representations of geological conditions that may be present beyond
the depth of investigation or resolving capability of the GPR equipment or in areas
that were not accessible.




