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1.0 PROJECT INFORMATION

1.1 General Project Information
The purpose of this geotechnical exploration program was to develop information concerning the
subsurface conditions in order to evaluate the site with respect to the proposed Lake Apopka
Interconnect Pump Station project in Apopka, Florida. The project consists of the design and
construction of pumps, piping and support structures.
This report describes the field and laboratory testing activities performed and presents the
findings. The subsurface soil and groundwater conditions are presented in this report along with
site preparation and construction recommendations.
Information regarding this project was provided to CSI Geo, Inc. (CSI Geo) by Mr. Michael
Klink, P.E of Four Waters Engineering, Inc. (Four Waters). To this date we have received the
following documents regarding this project:
•

60% Submittal Plans
Lake Apopka North Shoe Interconnect Pump Station
Prepared by: Four Waters Engineering (Four Waters)
Received: February, 2020

1.2 Existing Conditions and Project Description
The project site is located at just west of the intersection of Fudge Road and Canal Road in
Apopka, Florida. The existing site conditions generally consist of levees, canals and water
retention areas generally covered with short grass, wetlands and marshland vegetation (Photo
No. 01). A Site Location Map is included in the Appendix.

Based on the information provided to us, we understand that the project consists of the design
and construction of a duplex axial flow pump station (Exhibit No. 01) to facilitate moving water
in the North Shore area of Lake Apopka from the Duda Parcel to Unit 1 Parcel and help the
reduction of pollution (specifically Phosphorus) in Lake Apopka.
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Photo No. 01: Exiting site conditions

Exhibit No. 01: Overall Proposed Site Plan

Lake Apopka Interconnect Pump Station, Apopka Florida

Page 2 of 23

Exhibit No. 02: Proposed Plan & Profile Design Section – West Berm

Exhibit No. 03: Proposed Plan & Profile Design Section – East Berm
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Exhibit No. 04: Proposed Plan & Profile Design Section – South Berm

Overall, the project will consist of the construction of sheet pilings, concrete sump, concrete
divider wall, pumps support platform, steel pipes and pipe support concrete footings. The
support platform will be supported on 12x53 steel H-piles (Exhibits Nos 01 through 04).

1.3 Geologic and Physiographic Setting
The project site is located within the northwest corner of Orange County just east of the eastern
boundary of Lake County and west of the town of Apopka, Florida. The site geology is
characterized by surface and near-surface sediments consisting of quartz sand, clay, and
limestone, ranging in age from late Eocene to Holocene. The upper three geologic deposits, in
descending order from the ground surface are:

1. Cypresshead Formation, of the Pliocene age
2. Hawthorn Group, Coosawhatchie Formation of the Miocene age.
3. Ocala Limestone of the Eocene age.
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The geologic formations within Orange County includes the Recent and Pieistocene series, about
200 feet thick, that is undifferentiated soils and marls that consist mostly of quartz sand with
varying amounts of clay and shell. Beneath Recent and Pieistocene series, the Miocene series
exists that includes the Hawthorn Group formation about 200 feet thick. The Hawthorn formation
consists mostly of clayey quartz sand and silt, phosphatic sand, and phosphatic limestone. The

Below the Miocene series is the Ocala Limestone of the Eocene age. The limestone formations
of the Ocala Group can reach thicknesses of 90-150 feet, and primarily consist of white, to
cream, to dark brown, granular to chalky, fossiliferous, poorly to well indurated limestone and
dolomite.

1.4 Soil Conservation (NRCS/USDA) Map Data
Review of the Natural Resources Conservation Services (NRCS) Soil Survey Map for Orange
County, Florida indicates that the site is located within an area containing primarily the Gator
muck soil Series 18. This soil series is in depressions on marine terraces and is frequently
ponded, nearly level and very poorly drained. The NRCS Soil Survey report for the project area
is included in the Appendix.
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2.0 GEOTECHNICAL EXPLORATION

2.1 Field Exploration
The area of the new pump station was explored by means of two (2) Standard Penetration Test
(SPT) borings B-1 and B-2 drilled to a depth of 60 feet below the existing top of berms. The
boring locations were selected by Four Waters and located in the field by personnel from CSI
Geo using handheld GPS equipment. The approximate locations of the soil borings are shown
on the Field Exploration Plan sheet included in the Appendix.

Soil samples collected were visually classified in the field and then transported to our laboratory
for re-classification and testing.

Representative soil samples obtained during our field

exploration program were visually classified using the Unified (USCS) Soil Classification
System.

Additionally, muck probes were conducted by Geometric Surveyors (Geometrics) generally
along the north and south of the proposed pumps and pipes. The muck probes were performed to
delineate the limits of unsuitable muck and soft soils present in the general area of the proposed
pump station. It should be noted that the depth of muck and soft soils presented on the Report of
Muck Probe sheets have been extrapolated from the data provided to us as directed. Therefore,
the depth of muck and soft soils may vary between the actual tested locations.

2.2 Laboratory Testing
Quantitative laboratory testing was performed on representative soil samples to better define
their composition.

Laboratory tests performed were percent fines, organic content, natural

moisture content, and Atterberg limit test. A Summary of Laboratory Test Results, and Field and
Laboratory Test Procedures used are included in the Appendix.

2.3 Environmental Corrosion Testing
Environmental classification tests were performed on selected samples obtained from the field
exploration. A total of two soil samples were obtained from the area of the new pump station for
environmental classification testing. The tests were conducted in order to define the electrical
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resistivity, chlorides content, sulfates content, and pH of the samples. The laboratory test data
was used to determine the substructure environmental classification in accordance with the
FDOT Structures Design Guidelines Manual. The Environmental Corrosion Test Results are
included in the Appendix.
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3.0 GENERAL SUBSURFACE CONDITIONS

3.1 General
An illustrated representation of the subsurface conditions encountered in the proposed
construction areas are shown on the Report of SPT Borings sheet presented in the Appendix.
The Report of SPT borings and the soil conditions outlined below highlight the major subsurface
stratification. The Report of SPT borings in the Appendix should be consulted for a detailed
description of the subsurface conditions encountered at each boring location. When reviewing
the Report of SPT Borings, it should be understood that soil conditions may vary outside of the
explored area.

3.2 Soil Conditions
Review of test borings B-1 and B-2 performed on the berms indicates that the soil conditions
consist of unsuitable highly organic soils (PT) with inter-bedded-layers of very loose silty sands
(SM) and soft to stiff clayey sands (SC) in the upper 8 to 17 feet of depth below the top of
existing berms. Below these surficial soils and until a depth of about 37 feet, stiff clayey sands
(SC) and sandy clays (CL) were encountered followed by medium dense slightly silty sands
(SP-SM) until the boring termination depth of 60 feet. Test boring B-2 encountered 5 feet of
very soft highly weathered sandy limestone at a depth of about 13 feet below the existing top of
berm.

Results of the muck probing activities performed in the canal areas at locations north and south
of the proposed improvements indicate that the thickness of the unsuitable muck and soft soils
ranges from about 0.3 to 4.5 feet below the canal bottom. A generalized muck profile through the
pumps/pipes assembly alignment, is shown on the Report of Muck Probe sheet included in the
Appendix.

Unsuitable organic soils, muck and soft soils should be anticipated throughout the site. The
thickness and depth of these unsuitable soils may vary from those noted herein, and in some
locations the unsuitable material may be deeper. It is very likely that all excavated soils will get
mixed which will eventually consist of organic soils, muck and plastic clays which are
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considered unsuitable for construction and backfill purposes. Therefore, we recommend that
allowance be made for possible overruns in quantities of subsoil removal and replacement with
select backfill.

3.3 Groundwater Conditions
The groundwater level was measured and recorded as encountered at the time of drilling. The
depths of the groundwater level at the test locations are marked on the Report of SPT Borings
sheet presented in the Appendix. The depth of groundwater level measured at the time of
drilling ranged from 4.5 to 5.0 feet below the existing grades.

Fluctuations of the groundwater level should be anticipated as a result of seasonal climatic
variations, surface water runoff patterns, construction activities, proximity to adjacent water
bodies, and other related factors. During seasonal high precipitation periods, groundwater levels
can be expected to rise above the levels recorded during this exploration. Therefore, design
drawings and specifications should account for the possibility of groundwater level variations,
and construction planning should be based on the assumption that such variations will occur.

3.4 Environmental Classification Test Results
The FDOT Structural Design guidelines were used to classify the soil samples. Recommended
environmental classification for the pump station was determined based on the location of the
project corridor which is within 2,500 feet of a body of water (Lake Apopka) with chloride
concentrations in excess of 6,000 ppm. This area of the pump station is therefore classified as
“Extremely Aggressive” for both steel and concrete. Results of the environmental corrosion tests
performed on the soil samples are presented in the Environmental Corrosion Test Results sheet
included in the Appendix.
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4.0 GEOTECHNICAL ENGINEERING EVALUATION AND RECOMMENDATIONS

4.1 Basis for Evaluation & Recommendations
Geotechnical evaluation and recommendations as presented in this report are based on our site
observations, field and laboratory test data obtained, and our understanding of the project
information as previously described in this report. The discovery of site and/or subsurface
conditions during construction that deviate from the data obtained in this exploration should be
reported to CSI Geo for re-evaluation.

4.2 Shallow Foundation Evaluation & Recommendations
The results of test borings performed on the existing berms and the muck probes performed in
the areas of the berm slopes and canal, indicates that the project site is generally underlain by
unsuitable highly organic soils in the upper 8 to 17 feet (elevation +62’ to +50’) below the top of
the existing berms and in the upper 0.3 to 4.5 feet (elevation +61’ to +50’) below the bottom of
the existing canal crossings.

4.2.1 Concrete Pump Sump and Divider Wall
Based on the information provided to us, the bearing levels of the concrete sump and the divider
wall are expected to range from approximately elevation +54’ to elevation +49’. At these levels,
the bearing soils consist of unsuitable highly organic soils underlain by stiff plastic clayey sands.
These unsuitable organic soils if left in-place, will continue to settle even under their own
weight. We recommend that the unsuitable organic soils encountered at the bearing levels be
removed in their entirety and replaced with compacted clean sands or lean concrete. Plastic
clays encountered at the bearing levels after the removal of unsuitable organic soils, muck and
soft soils, should be over-excavated to a minimum depth of 2 feet and backfilled with compacted
clean sands or lean concrete. Dewatering as discussed in sections 5.3 and 5.4 of this report will
be required during demucking so that the process can be performed “in the dry” condition

Upon satisfactory removal of unsuitable organic soils and plastic clays, and backfill with
compacted clean sands or lean concrete, an allowable net bearing pressure of up to 1,000 pounds
per square foot (psf) can be used for design of the concrete sump and 1,500 psf for the dividing
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wall foundations. All new structural fill should be compacted to at least 95 percent of the
modified Proctor maximum dry density.

We recommend that an experienced geotechnical engineer observe the subgrade soils within the
exposed foundations prior to foundation installation. This is to assess the soil’s suitability for
foundation support and confirm their consistency with the conditions our recommendations are
based on.

4.2.2 Pipe Bedding and Pipe Support Concrete Footings
Based on the information provided to us, the bearing levels of the pipes including those on the
southern berm “B” which was added to the design subsequent to the time our field exploration,
are expected to range from about elevation +60.4’ to +63’. At these levels, the soils consist of as
much as 10 feet of unsuitable organic soils underlain by stiff plastic clays. These unsuitable
organic soils if left in-place will continue to settle even under their own weight. We recommend
that the unsuitable organic soils be removed in their entirety and replaced with compacted clean
sands. Plastic clays encountered at the bearing levels should be over-excavated a minimum
depth of 1 foot below the pipe invert and 2 feet below the support footing bottom and backfilled
with compacted clean sands. Dewatering as discussed in sections 5.3 and 5.4 of this report will
be required during demucking so that the process can be performed “in the dry” condition

Upon satisfactory removal of unsuitable organic soils and plastic clays and backfill with
compacted clean sands, an allowable net bearing pressure of 3,000 psf can be used for design of
the pipe support footings. All new structural fill should be compacted to at least 95 percent of
the modified Proctor maximum dry density.

We recommend that an experienced geotechnical engineer observe the subgrade soils within the
exposed foundations prior to foundation installation. This is to assess the soil’s suitability for
foundation support and confirm their consistency with the conditions our recommendations are
based on.
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4.3 Pump Platform Driven Pile Foundation Evaluation
Based on the information provided to us, we understand that the proposed pump platform will be
supported on steel 12x53 H-Piles. We have therefore, evaluated allowable pile capacities versus
estimated pile tip elevations for the steel 12x53 H-pile.

The allowable compressive capacity was determined by dividing the ultimate pile capacity by a
factor of safety of 2.5. Allowable tensile capacity was determined by dividing the ultimate side
friction by a factor of safety of 3.0. The graphical plots provided in the Appendix present the
Allowable Compressive Capacity versus Estimated Pile Embedment Elevation and the
Allowable Tensile Capacity versus Estimated Pile Embedment Elevation.

4.3.1 Driven Pile Axial Capacity
Following the Allowable Stress Design (ASD) approach and using the graphical plots of the
Allowable Compressive Capacity versus Estimated Pile Embedment Elevation and the
Allowable Tensile Capacity versus Estimated Pile Embedment Elevation presented in the
Appendix, the structural designer would determine the required pile length by locating the total
design load along the x-axis, drawing a vertical line to meet the graph for the selected pile
diameter and subsequently drawing a horizontal line to intersect the vertical (y) axis.

4.3.2 Lateral Loads and Considerations
We understand that the platform foundation will be subjected to lateral loads. The structural
designer should perform the lateral load analysis based on actual loading conditions. Based on
the results of our geotechnical findings we have developed recommended lateral soil parameters
for use by the structural engineer to determine the lateral loads on the foundations based on the
actual structural conditions. These lateral soil parameters are included in the Appendix. The
parameters are based on our interpretation of the SPT boring results and published industry
standards.
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4.3.3 Minimum Pile Tip Elevation
Minimum pile tip elevations should be established and must be the deepest of the minimum
elevations that satisfy compressive capacity, uplift capacity, and lateral stability requirements.
The minimum tip for lateral stability requirements must be established by the Structural
Engineer.

4.3.4 Driven Pile Construction Recommendations
The steel pilings should be in conformance with the FDOT Standard Specifications. The piles
should be driven sufficiently deep to develop the required allowable capacities. Piles installed
for the pump platform should have a minimum penetration of 10 feet into competent soils, or a
minimum penetration of 20 feet into soft soils. However, the actual final pile depths should be
determined during the driving. Pile driving termination should be established such that at least 3
feet of equal or increasing blows are attained. Piles should be installed in such sequence that the
soil surrounding the pile is not compacted to the extent that other piles cannot be installed
properly.

One method to determine the required driving resistance in blows per foot consists of the wave
equation. If the wave equation is used, all piles should be driven to the Required Driving
Resistance (RDR) as follows: RDR = Design load x FS. The FS is a safety factor of 3.0 when
the wave equation analysis is used as defined in Section 455-5.12.2 of FDOT Standard
Specifications for Road and Bridge Construction. The wave equation should also be used to
evaluate suitability of the proposed driving system. No hammer should be approved for driving
unless wave equation analysis shows it is capable of driving to a resistance at least 3.0 times the
design load.

In lieu of the wave equation, the following two formulas may be used to determine the required
driving resistance in blows per foot:

• R=

2WH
S + 1.0

………………….for gravity Hammers

2E
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• R=

S + 0.1

………………….for Power Hammers

Where, R = Safe bearing value, in tons.
S = The average penetration per blow, in inches.
H = Height of Hammer fall (stroke), in feet.
W = Weight of striking part of Hammer, in tons
E = Energy delivered by Hammer per blow in foot-pounds.

The hammer provided should meet the requirements of Section 455-5.12.2(2) of FDOT Standard
Specifications for Road and Bridge Construction. The hammer may be air, steam, hydraulic,
diesel, or gravity type. The hammer may be a single or double-acting hammer and should be
maintained such that the required number of blows per minute for which the hammer is
designated is satisfied. The pile hammer should be operated at speeds in strict accordance with
the manufacturer’s recommendations.

The authorized production pile lengths should be

established in the field when each pile has reached the blow count criteria and when blow count
is increasing for a depth of at least three feet. We recommend that the production lengths be
conservatively estimated so that the number of required mechanical splices are minimized.
Production pile driving should conform to Sections 455-5.15, 455-5.16, and 455-5.17 of the
FDOT Standard Specifications.

During driving, pile driving records should be kept for each pile detailing pertinent information
such as pile type, length, date driven, and blow count with depth. The capacity of each pile
should be reviewed based on its final tip elevation and driving record. An engineering technician
familiar with the installation of driven piles and acting under the direction and supervision of the
Geotechnical Engineer should witness the installation of the piles. His/her duties should include,
but not be limited to, the following:
•

Keeping an accurate record of pile installation and driving procedures.

•

Verifying that each pile is installed to the proper driving resistance and to a depth
indicative of its bearing in the desired bearing formation.

•

Confirming that the pile driving equipment is operating properly.
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•

Inspecting the piles prior to installation for defects and confirming that the piles are not
damaged during installation.

We recommend as a minimum construction control measure that all pile-driving records be
reviewed by the Geotechnical Engineer.

4.4 Sheet Pile Design Soil Parameters
We understand that sheet piles will be used to facilitate excavations and the construction of the
pump sump and divider wall. We recommend that soil parameters and assumptions to be used
for the sheet pile should include the following:

Recommended Soil Parameters for Sheet Pile Wall Design (Boring: B-1)
Soil Parameter
Elevation (ft)

Very Loose Silty
Fine SAND, Highly
Organic SAND and
Sandy CLAY
+67.0 to +50.0

Stiff to Very Stiff
Sandy CLAY

Loose to
Medium Dense
SAND

+50.0 to +30.0

+30.0 to +7.0

Saturated Unit Weight – g (pcf)

90

110

110

Effective Unit Weight – g’ (pcf)

28

48

48

-

-

31

Cohesion – C (psf)

250

1500

-

At-Rest Earth Pressure Coeff. Ko

1.00

1.00

0.48

Active Earth Pressure Coeff. Ka

1.00

1.00

0.32

Passive Earth Pressure Coeff. Kp

1.00

1.00

3.12

Angle of Internal Friction – φ (degrees)
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Recommended Soil Parameters for Sheet Pile Wall Design (Boring: B-2)
Medium Dense
SAND and
Clayey SAND
with Organics
+70.0 to +58.0

Highly
Weathered
sandy
Limestone
+58.0 to +53.0

Stiff to Hard
Clayey Fine
SAND

Medium
Dense SAND

+53.0 to +33.0

+33.0 to +10.0

Saturated Unit Weight – g (pcf)

100

105

120

110

Effective Unit Weight – g’ (pcf)

38

43

58

48

Angle of Internal Friction – φ (degrees)

29

28

-

31

-

-

2000

-

At-Rest Earth Pressure Coeff. Ko

0.52

0.53

1.00

0.48

Active Earth Pressure Coeff. Ka

0.35

0.36

1.00

0.32

Passive Earth Pressure Coeff. Kp

2.88

2.77

1.00

3.12

Soil Parameter
Elevation (ft)

Cohesion – C (psf)

Notes:
1. Soil descriptions are simplified for input purposes and do not represent a detailed classification of the soil strata
encountered.
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5.0 SITE PREPARATION & EARTHWORK RECOMMENDATIONS

5.1 General Site Preparation Activities
The general site preparation activities anticipated at the site may include clearing and grubbing,
stripping, and final foundation preparation activities. Clearing consists of the complete removal
of all obstructions and objectional matter. This includes trees, fallen timber, brush, vegetation,
abandoned structures, etc. Grubbing consists of the removal of all stumps, roots, buried logs,
etc.

Stripping includes removal of low growing vegetation and organic top-soils, muck, and peats.
Concentrated root zones and muck/peat material encountered at the pipe bedding and foundation
bearing levels should be completely removed and replaced with compacted structural fill
material as described earlier.

5.2 Surface Water Control
The need for surface water runoff control should be anticipated during the site preparation and
construction process. Lack of proper controls could result in ponding of surface water on
compacted surfaces. Ponded water, combined with machine or foot traffic during construction
operations or other activities, could disturb otherwise acceptable soils or previously compacted
existing soils, causing instability, “pumping”, and generally unacceptable conditions.

The

ponded water will also impede or prevent necessary soil compaction operations and make
construction trafficability difficult. Surface water can be controlled by proper grading of the site
and by the use of temporary drainage ditches, diversion berms, and/or pumping from drainage
controlled collection points.

5.3 Groundwater Control
Shoring of excavations may be required to facilitate construction. At the time of drilling,
groundwater was encountered at about elevation +63 and +65 feet. Extensive dewatering of
groundwater should be anticipated for the construction. Dewatering at the site can be achieved
by means of pumping from well points. Ideally, the water table should be lowered to a level at
least one foot below the bottom of any excavations made during construction and at least two
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feet below the level of any vibratory compaction operations. We recommend that the dewatering
system be kept operational until the pump station is constructed and that the dewatering system
should not be turned off unless approved by the Engineer. It is also recommended that the
groundwater level should be monitored on a regular basis to ensure that the groundwater level
stays below the bottom of the pump station during construction.

5.4 Removal of Unsuitable Soils
Unsuitable organic soils, soft soils and plastic clays were encountered to depths ranging from 8
to 17 feet (elevation +50’) below the top of the existing berms. These soils should be excavated
and replaced with suitable backfill (SP, SP-SM, SP-SC materials) in thin lifts not exceeding 12
inches in loose thickness and compacted in the dry to a minimum dry density of 95% obtained
from the Modified Proctor compaction test.

Extensive dewatering will be required during demucking so that the process can be performed
“in the dry” condition.

Demucking below the groundwater level will result in inadequate

demucking, which will make backfill placement and compaction very difficult. A well point
system will be required for the groundwater control.

We recommend maintaining the

groundwater level at least one foot below the bottom of any excavations made during
construction and two feet below the surface of any compaction operations. Following the
demucking operation, backfilling should be performed in thin lifts with suitable soils not
exceeding 12 inches in loose thickness. The backfill material may then be compacted to a
minimum density of 95% of the maximum dry density obtained from the modified proctor
compaction test. Special attention should be paid not to use heavy compaction equipment within
three feet from the new sheet pile wall system. Light compaction equipment should be used,
such as hand held compaction equipment within the area adjacent to the new sheet wall system.

The thickness and depth of these unsuitable may vary from those noted herein, and in some
locations the unsuitable material may be deeper. It is very likely that all excavated soils will get
mixed and will eventually consist of organic soils, muck and plastic clays which are considered
unsuitable for construction and backfill purposes. Therefore, we recommend that allowance be
made for possible overruns in quantities of subsoil removal and replacement with select backfill.
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5.5 Site and Fill Compaction
Structural fill material and backfill material needed for the construction should be placed in lifts
not exceeding 12 inches in loose thickness.

All new structural fill and backfill should be

compacted to at least 95 percent of the modified Proctor maximum dry density (ASTM D-1557).

Backfill material should consist of an inorganic, non-plastic, granular soil with fines content
(passing through the No. 200 mesh sieve) not exceeding 10 percent. The fill shall be free of
roots, logs, refuse, brush, sod, or organic and/or perishable materials, muck or other highly
organic material, rocks, cobles, boulders, or cemented fragments having a dimension larger than
3 inches.

Compaction of the bearing level soils can be achieved by using a manually operated mechanical
tamper or other approved methods, provided proper dewatering techniques are implemented.
The upper 12 inches of the select structural fill foundation bearing level soils should be
compacted to densities equivalent to at least 95 percent of the modified Proctor maximum dry
density (ASTM D-1557). Alternatively, lean concrete should be used if adequate compaction
can not be achieved.

All excavations, as applicable for the construction of the pump station should comply with the
Florida Trench Safety Act (Sections 553.60-553.64, Florida Statutes) and Occupational Safety
and Health Administration (OSHA) Trench Excavation Safety Standards, 29 C.F.R s. 1926.650,
Subpart P, including all subsequent provisions or updates to Standards as adopted by the Florida
Department of Labor and Employment Security (DOLES).

5.6 Disturbed Soil Conditions
Should the soils experience “pumping” and subsequent soil strength loss during compaction
operations, compaction work should be terminated and: (1) the disturbed soils removed and
backfilled with “dry” fill soils, which are then compacted; or (2) the excess moisture content
within the disturbed soils allowed to dissipate before re-compaction.

Furthermore, the

groundwater level should be checked and controlled as necessary in order to help ensure proper
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drawdown of any high groundwater conditions that may be causing the “pumping” conditions
during compaction or construction activity upon these soils.
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6.0 CONSTRUCTION MONITORING AND TESTING GUIDELINES
Prior to initiating compaction operations, we recommend that representative samples of the
backfill or structural fill material to be used in the construction and acceptable exposed in-place
soils to be collected and tested to determine their compaction and classification characteristics.
The maximum dry density, optimum moisture content, gradation and plasticity characteristics
should be determined. These tests are needed for compaction quality control of the backfill or
structural fill and existing soils and to determine if the fill material is acceptable.

The subgrade of the proposed pump concrete sump, divider wall, pipes and pipe support footings
should also be inspected to ensure that adequate subgrade support is provided.

During

construction, the required backfill should also be monitored to ensure that the backfill materials
meet the required compaction specifications.

A representative number of in-place field density tests should be performed on each lift for the
compacted backfill and structural fill materials. For excavation and backfill construction areas,
we recommend that in-place density testing be performed at a rate of one test per excavation or
fill placement area.

The fill placement and compaction operations should be observed and documented by a qualified
engineering technician working under the direction of the Engineer. This includes evaluation of
natural moisture content of the borrow fill and recommend fill placement scheme for the various
fill materials being used for construction. We recommend that the natural moisture of the
borrow fill material be checked at a rate of one test for every 500 cubic yards of material. The
frequency of testing, however, may be changed in the field by the Engineer depending on actual
field conditions present during construction.

Any significant deviations, either from the project specifications or from good practice, should
be brought to the attention of the Engineer for evaluation and appropriate recommendations
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Other Quality Control/Quality Assurance procedures or activities that should be implemented at
the site for the installation of the sheet pile wall system include:
•

Verify the adequacy of field storage of construction material to prevent damage or
degradation.

•

Verify and observe the quality and dimensions of the sheet pile wall sections and
anchors.

•

Confirm construction material compliance with the design drawings.

•

Verify that the sheet pile wall and anchors are installed at the correct location, elevation,
and within acceptable tolerances with respect to alignment, length, and diameter.

•

Ensure proper anchoring of the anchor tie at the wall face and that the ties are not loose.

•

Monitor, document and report to the geotechnical engineer any possible soil loss behind
the sheet pile wall that may occur during construction.

•

Ensure proper compaction of the sump and divider wall foundation subgrade.

•

Ensure that the sump and the divider wall are installed at the appropriate elevations and
within the acceptable tolerances.

•

Ensure proper documentation of all construction activities.
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7.0 REPORT LIMITATIONS

The subsurface exploration program including our evaluation and recommendations was
performed in general accordance of accepted geotechnical engineering principles and standard
practices.

CSI Geo is not responsible for any independent conclusions, opinions, or

interpretations made by others based on the data presented in this report.

This report does not reflect any variations that may occur adjacent or between soil borings. The
discovery of any site or subsurface condition during construction that deviates from the findings
and data as presented in this report should be reported to CSI Geo for evaluation. If the locations
of the proposed features are changed, our office should be contacted so our recommendations
can be re-evaluated. We recommend that CSI Geo be given the opportunity to review the final
design drawings and specifications to ensure that our recommendations are properly included
and implemented.
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Preface
Soil surveys contain information that affects land use planning in survey areas.
They highlight soil limitations that affect various land uses and provide information
about the properties of the soils in the survey areas. Soil surveys are designed for
many different users, including farmers, ranchers, foresters, agronomists, urban
planners, community officials, engineers, developers, builders, and home buyers.
Also, conservationists, teachers, students, and specialists in recreation, waste
disposal, and pollution control can use the surveys to help them understand,
protect, or enhance the environment.
Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil
properties that are used in making various land use or land treatment decisions.
The information is intended to help the land users identify and reduce the effects of
soil limitations on various land uses. The landowner or user is responsible for
identifying and complying with existing laws and regulations.
Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering
applications. For more detailed information, contact your local USDA Service Center
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).
Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as
septic tank absorption fields. A high water table makes a soil poorly suited to
basements or underground installations.
The National Cooperative Soil Survey is a joint effort of the United States
Department of Agriculture and other Federal agencies, State agencies including the
Agricultural Experiment Stations, and local agencies. The Natural Resources
Conservation Service (NRCS) has leadership for the Federal part of the National
Cooperative Soil Survey.
Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.
The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability,
and where applicable, sex, marital status, familial status, parental status, religion,
sexual orientation, genetic information, political beliefs, reprisal, or because all or a
part of an individual's income is derived from any public assistance program. (Not
all prohibited bases apply to all programs.) Persons with disabilities who require
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alternative means for communication of program information (Braille, large print,
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity
provider and employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous
areas in a specific area. They include a description of the soils and miscellaneous
areas and their location on the landscape and tables that show soil properties and
limitations affecting various uses. Soil scientists observed the steepness, length,
and shape of the slopes; the general pattern of drainage; the kinds of crops and
native plants; and the kinds of bedrock. They observed and described many soil
profiles. A soil profile is the sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the unconsolidated material in which the
soil formed or from the surface down to bedrock. The unconsolidated material is
devoid of roots and other living organisms and has not been changed by other
biological activity.
Currently, soils are mapped according to the boundaries of major land resource
areas (MLRAs). MLRAs are geographically associated land resource units that
share common characteristics related to physiography, geology, climate, water
resources, soils, biological resources, and land uses (USDA, 2006). Soil survey
areas typically consist of parts of one or more MLRA.
The soils and miscellaneous areas in a survey area occur in an orderly pattern that
is related to the geology, landforms, relief, climate, and natural vegetation of the
area. Each kind of soil and miscellaneous area is associated with a particular kind
of landform or with a segment of the landform. By observing the soils and
miscellaneous areas in the survey area and relating their position to specific
segments of the landform, a soil scientist develops a concept, or model, of how they
were formed. Thus, during mapping, this model enables the soil scientist to predict
with a considerable degree of accuracy the kind of soil or miscellaneous area at a
specific location on the landscape.
Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-vegetation-landscape relationship, are sufficient to
verify predictions of the kinds of soil in an area and to determine the boundaries.
Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them
to identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character
of soil properties and the arrangement of horizons within the profile. After the soil
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scientists classified and named the soils in the survey area, they compared the
individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.
The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that
have similar use and management requirements. Each map unit is defined by a
unique combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components
of the map unit. The presence of minor components in a map unit in no way
diminishes the usefulness or accuracy of the data. The delineation of such
landforms and landform segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, onsite
investigation is needed to define and locate the soils and miscellaneous areas.
Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape,
and experience of the soil scientist. Observations are made to test and refine the
soil-landscape model and predictions and to verify the classification of the soils at
specific locations. Once the soil-landscape model is refined, a significantly smaller
number of measurements of individual soil properties are made and recorded.
These measurements may include field measurements, such as those for color,
depth to bedrock, and texture, and laboratory measurements, such as those for
content of sand, silt, clay, salt, and other components. Properties of each soil
typically vary from one point to another across the landscape.
Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.
While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists
interpret the data from these analyses and tests as well as the field-observed
characteristics and the soil properties to determine the expected behavior of the
soils under different uses. Interpretations for all of the soils are field tested through
observation of the soils in different uses and under different levels of management.
Some interpretations are modified to fit local conditions, and some new
interpretations are developed to meet local needs. Data are assembled from other
sources, such as research information, production records, and field experience of
specialists. For example, data on crop yields under defined levels of management
are assembled from farm records and from field or plot experiments on the same
kinds of soil.
Predictions about soil behavior are based not only on soil properties but also on
such variables as climate and biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from year to year. For example,
soil scientists can predict with a fairly high degree of accuracy that a given soil will
have a high water table within certain depths in most years, but they cannot predict
that a high water table will always be at a specific level in the soil on a specific date.
After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
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identified each as a specific map unit. Aerial photographs show trees, buildings,
fields, roads, and rivers, all of which help in locating boundaries accurately.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of
soil map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND
Area of Interest (AOI)
Area of Interest (AOI)
Soils
Soil Map Unit Polygons
Soil Map Unit Lines
Soil Map Unit Points
Special Point Features
Blowout
Borrow Pit
Clay Spot
Closed Depression
Gravel Pit
Gravelly Spot
Landfill
Lava Flow
Marsh or swamp

MAP INFORMATION
The soil surveys that comprise your AOI were mapped at
1:20,000.

Spoil Area
Stony Spot
Very Stony Spot

Warning: Soil Map may not be valid at this scale.

Wet Spot

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Other
Special Line Features
Water Features
Streams and Canals
Transportation

Please rely on the bar scale on each map sheet for map
measurements.

Rails
Interstate Highways

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

US Routes
Major Roads

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

Local Roads
Background
Aerial Photography

Mine or Quarry
Miscellaneous Water

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Perennial Water
Rock Outcrop

Soil Survey Area: Orange County, Florida
Survey Area Data: Version 16, Sep 17, 2019

Saline Spot
Sandy Spot

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Severely Eroded Spot
Sinkhole

Date(s) aerial images were photographed:
2019

Slide or Slip
Sodic Spot

Dec 22, 2018—Jan 9,

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.
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Map Unit Legend
Map Unit Symbol

Map Unit Name

Acres in AOI

Percent of AOI

18

Gator muck, frequently ponded,
0 to 1 percent slopes

84.7

84.2%

49

Terra Ceia muck, frequently
ponded, 0 to 1 percent slopes

15.9

15.8%

100.6

100.0%

Totals for Area of Interest

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey area. The map unit descriptions, along
with the maps, can be used to determine the composition and properties of a unit.
A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the
landscape, however, the soils are natural phenomena, and they have the
characteristic variability of all natural phenomena. Thus, the range of some
observed properties may extend beyond the limits defined for a taxonomic class.
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without
including areas of other taxonomic classes. Consequently, every map unit is made
up of the soils or miscellaneous areas for which it is named and some minor
components that belong to taxonomic classes other than those of the major soils.
Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They
generally are in small areas and could not be mapped separately because of the
scale used. Some small areas of strongly contrasting soils or miscellaneous areas
are identified by a special symbol on the maps. If included in the database for a
given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of each. A few areas of minor
components may not have been observed, and consequently they are not
mentioned in the descriptions, especially where the pattern was so complex that it
was impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscape.
The presence of minor components in a map unit in no way diminishes the
usefulness or accuracy of the data. The objective of mapping is not to delineate
pure taxonomic classes but rather to separate the landscape into landforms or
landform segments that have similar use and management requirements. The
delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however,
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onsite investigation is needed to define and locate the soils and miscellaneous
areas.
An identifying symbol precedes the map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil
properties and qualities.
Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major
horizons that are similar in composition, thickness, and arrangement.
Soils of one series can differ in texture of the surface layer, slope, stoniness,
salinity, degree of erosion, and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soil phases. Most of the areas
shown on the detailed soil maps are phases of soil series. The name of a soil phase
commonly indicates a feature that affects use or management. For example, Alpha
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.
Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.
A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps.
The pattern and proportion of the soils or miscellaneous areas are somewhat similar
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.
An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present
or anticipated uses of the map units in the survey area, it was not considered
practical or necessary to map the soils or miscellaneous areas separately. The
pattern and relative proportion of the soils or miscellaneous areas are somewhat
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.
An undifferentiated group is made up of two or more soils or miscellaneous areas
that could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion
of the soils or miscellaneous areas in a mapped area are not uniform. An area can
be made up of only one of the major soils or miscellaneous areas, or it can be made
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.
Some surveys include miscellaneous areas. Such areas have little or no soil
material and support little or no vegetation. Rock outcrop is an example.
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Orange County, Florida
18—Gator muck, frequently ponded, 0 to 1 percent slopes
Map Unit Setting
National map unit symbol: 2tzwz
Elevation: 0 to 100 feet
Mean annual precipitation: 42 to 56 inches
Mean annual air temperature: 70 to 77 degrees F
Frost-free period: 350 to 365 days
Farmland classification: Not prime farmland
Map Unit Composition
Gator and similar soils: 83 percent
Minor components: 17 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Gator
Setting
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Parent material: Herbaceous organic material over sandy and loamy marine
deposits
Typical profile
Oa - 0 to 18 inches: muck
Cg1 - 18 to 36 inches: sandy clay loam
Cg2 - 36 to 55 inches: fine sandy loam
Cg3 - 55 to 80 inches: fine sand
Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to
moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Very high (about 13.1 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: C/D
Forage suitability group: Organic soils in depressions and on flood plains
(G155XB645FL)
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
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Hydric soil rating: Yes
Minor Components
Terra ceia
Percent of map unit: 5 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave, convex
Across-slope shape: Concave, linear
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
Chobee
Percent of map unit: 4 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Ecological site: Freshwater Marshes and Ponds (R155XY010FL)
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
Tequesta
Percent of map unit: 4 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R156BY010FL)
Hydric soil rating: Yes
Felda
Percent of map unit: 3 percent
Landform: Flatwoods on marine terraces, drainageways on marine terraces
Landform position (three-dimensional): Tread, talf, dip
Down-slope shape: Linear
Across-slope shape: Linear, concave
Ecological site: Slough (R155XY011FL)
Other vegetative classification: Slough (R155XY011FL)
Hydric soil rating: Yes
Pompano
Percent of map unit: 1 percent
Landform: Drainageways on marine terraces, flatwoods on marine terraces
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Linear
Across-slope shape: Concave, linear
Other vegetative classification: Slough (R155XY011FL)
Hydric soil rating: Yes
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49—Terra Ceia muck, frequently ponded, 0 to 1 percent slopes
Map Unit Setting
National map unit symbol: 2svzl
Elevation: 0 to 130 feet
Mean annual precipitation: 45 to 62 inches
Mean annual air temperature: 68 to 79 degrees F
Frost-free period: 335 to 365 days
Farmland classification: Not prime farmland
Map Unit Composition
Terra ceia and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
Description of Terra Ceia
Setting
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Convex, concave
Across-slope shape: Linear, concave
Parent material: Herbaceous organic material
Typical profile
Oa1 - 0 to 15 inches: muck
Oa2 - 15 to 44 inches: muck
Oa3 - 44 to 80 inches: muck
Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Very poorly drained
Runoff class: Negligible
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95
to 19.98 in/hr)
Depth to water table: About 0 inches
Frequency of flooding: None
Frequency of ponding: Frequent
Salinity, maximum in profile: Nonsaline to very slightly saline (0.0 to 2.0
mmhos/cm)
Sodium adsorption ratio, maximum in profile: 4.0
Available water storage in profile: Very high (about 23.9 inches)
Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 7w
Hydrologic Soil Group: A/D
Forage suitability group: Organic soils in depressions and on flood plains
(G155XB645FL)
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Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
Minor Components
Okeelanta
Percent of map unit: 6 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
Gator
Percent of map unit: 5 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
Tomoka
Percent of map unit: 3 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Talf, dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
Okeechobee
Percent of map unit: 2 percent
Landform: Marshes on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
Anclote
Percent of map unit: 1 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Convex, concave
Across-slope shape: Linear, concave
Hydric soil rating: Yes
Pompano
Percent of map unit: 1 percent
Landform: Depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
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Chobee
Percent of map unit: 1 percent
Landform: Depressions on flatwoods on marine terraces
Landform position (three-dimensional): Tread, dip, talf
Down-slope shape: Concave, linear
Across-slope shape: Concave, linear
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
Placid
Percent of map unit: 1 percent
Landform: Drainageways on marine terraces, depressions on marine terraces
Landform position (three-dimensional): Tread, dip
Down-slope shape: Concave
Across-slope shape: Concave
Other vegetative classification: Freshwater Marshes and Ponds (R155XY010FL)
Hydric soil rating: Yes
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Field Exploration Plan

Report of SPT Borings

Summary of Laboratory Test Results

SUMMARY OF LABORATORY TEST RESULTS
Lake Apopka Interconnect Pump Station
Apopka, Florida

Natural
Moisture
Content
(%)

Organic
Content
(%)

6.0

132

27.4

17

PT

-

8.0

554

91.8

1

PT

8.0

-

10.0

298

32.2

94

64

30

18

6

3

PT

6

13.5

-

15.0

706

92.6

82

68

58

57

56

54

PT

B-1

7

18.5

-

20.0

27

B-2

3

4.0

-

6.0

40

8.2

43

SC/PT

B-2

4

6.0

-

8.0

76

23.6

32

PT

B-2

5

8.0

-

10.0

27

20

SC

B-2

8

23.5

-

25.0

17

29

24

6

SC

B-2

10

33.5

-

35.0

28

31

35

28

SC

B-2

14

53.5

-

55.0

23

8

Boring No.

Sample
No.

B-1

3

4.0

-

B-1

4

6.0

B-1

5

B-1

Approximate Depth (ft)

Percent Passing Sieve Size (%)
#4

#10

#40

#60

Atterberg Limits

#100

#200

56

98

97

85

70

10

LL

45

Pl

26

Soil
Classification
Symbol

CL

SP-SM

Grain Size Distribution Curves

GRAIN SIZE DISTRIBUTION GRAPH
US STANDARD SIEVE SIZES
12"
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1" 3/4" 1/2" 3/8"
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100%
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Percent Finer
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1000
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1
Grain Size (mm)

GRAVEL
BOULDERS

COBBLES

COARSE

0.1

0.01

SAND
FINE

COARSE

MEDIUM

FINES
FINE

SILT

CLAY

PROJECT NAME:

Lake Apopka Interconnect Pump Station

BORING NO. / SAMPLE NO.:

B - 1 (5)

CSI GEO PROJECT NUMBER:

71-19-310-08

DEPTH (FT.) :

8-10

W%

LL

PL

PI

298

-

-

-

0.001

DESCRIPTION / CLASSIFICATION
Dark Brown Highly Organic Fine SAND

CSI Geo, Inc.
PT

GRAIN SIZE DISTRIBUTION GRAPH
US STANDARD SIEVE SIZES
12"

3"

1" 3/4" 1/2" 3/8"

#4

#10

#40

#60

#100

#200

100%

90%

80%

70%

Percent Finer

60%

50%

40%

30%

20%

10%

0%
1000

100

10

1
Grain Size (mm)

GRAVEL
BOULDERS

COBBLES

COARSE

0.1

0.01

SAND
FINE

COARSE

FINES

MEDIUM

FINE

SILT

CLAY

PROJECT NAME:

Lake Apopka Interconnect Pump Station

BORING NO. / SAMPLE NO.:

B-1 (6)

CSI GEO PROJECT NUMBER:

71-19-310-08

DEPTH (FT.) :

13.5'-15'

W%

LL

PL

PI

706

-

-

-

0.001

DESCRIPTION / CLASSIFICATION
Peat

CSI Geo, Inc.
PT

GRAIN SIZE DISTRIBUTION GRAPH
US STANDARD SIEVE SIZES
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#4

#10

#40

#60

#100

#200

100%

90%

80%

70%

Percent Finer

60%

50%

40%

30%

20%

10%

0%
1000

100

10

1
Grain Size (mm)
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0.01
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MEDIUM
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FINE

SILT

CLAY

PROJECT NAME:

Lake Apopka Interconnect Pump Station

BORING NO. / SAMPLE NO.:

B-2 (5)

CSI GEO PROJECT NUMBER:

71-19-310-08

DEPTH (FT.) :

8'-10'

W%

LL

PL

PI

27

-

-

-

0.001

DESCRIPTION / CLASSIFICATION
Light Brown Clayey Fine SAND

CSI Geo, Inc.
SC

Environmental Corrosion Test Results

ENVIRONMENTAL CORROSION TEST RESULTS
Lake Apopka Interconnect Pump Station
Apopka, Florida
Sample
No.

Notes:

Depth (ft)

pH
Resistivity
a
(S.U.)
(ohm-cm)

Sulfates
(ppm)

Chlorides
(ppm)

Environmental Classification (Substructures)
Steel

Concrete

B-1

1.0

-

4.0

8.1

2,950

Ub

25

Extremely Aggressive*

Extremely Aggressive

B-2

0.0

-

4.0

7.8

2,570

18

10

Extremely Aggressive

Extremely Aggressive

a

S.U. : pH standard units
U: Compound tested for but not detected
* Extremely Aggressive due to the project site being within 2,500 feet from tributaries of the intracoastal water way which is connected to
Lake Apopka with chloride concentrations in excess of 6,000 ppm.
b

Muck Probe Plan

Driven Pile Capacity Curves

Recommended Soil Parameters for Sheet
Pile Wall Design

Recommended Soil Parameters for Sheet Pile Wall Design
Sheet Pile Wall – (Reference Boring: B-1)
Very Loose Silty
Fine SAND, Highly

Stiff to Very Stiff

Loose to Medium

Organic SAND and

Sandy CLAY

Dense SAND

+67.0’ to +50.0’

+50.0’ to +30.0’

+30.0’ to +7.0’

Saturated Unit Weight – g (pcf)

90

110

110

Effective Unit Weight – g’ (pcf)

28

48

48

-

-

31

Cohesion – C (psf)

250

1500

-

At-Rest Earth Pressure Coeff. Ko

1.00

1.00

0.48

Active Earth Pressure Coeff. Ka

1.00

1.00

0.32

Passive Earth Pressure Coeff. Kp

1.00

1.00

3.12

Soil Parameter

Sandy CLAY
Elevation (ft)

Angle of Internal Friction – φ (degrees)

Recommended Soil Parameters for Sheet Pile Wall Design
Sheet Pile Wall- (Reference Boring B-2)
Medium Dense
Soil Parameter

SAND and Clayey

Highly Weathered

Stiff to Hard Clayey

Medium Dense

SAND with

Sandy Limestone

Fine SAND

SAND

Organics
Elevation (ft)

+70.0’ to +58.0’

+58.0’ to +53.0’

+53.0’ to +33.0’

+33.0’ to +10.0’

Saturated Unit Weight – g (pcf)

100

105

120

110

Effective Unit Weight – g’ (pcf)

38

43

58

48

29

28

-

31

Cohesion – C (psf)

-

-

2000

-

At-Rest Earth Pressure Coeff. Ko

0.52

0.53

1.00

0.48

Active Earth Pressure Coeff. Ka

0.35

0.36

1.00

0.32

Passive Earth Pressure Coeff. Kp

2.88

2.77

1.00

3.12

Angle of Internal Friction – φ
(degrees)

Lateral Soil Parameters

CSI Geo, Inc.
Lateral Soil Parameters

PROJECT NAME:

Lake Apopka Interconnect Pump Station

BORING NUMBER:

B-1

HAMMER TYPE:

AUTO

PROJECT NUMBER:

71-19-310-08

BORING DEPTH (ft):

60

PILE TYPE:

Steel H-pile

PILE SIZE:

HP12x53

PREPARED BY:

TQ

DATE: 4/14/2020

DEPTH TO GWT (ft):

6.5

CHECKED BY:

JI

DATE: 4/14/2020

GS ELEVATION (ft):

67

DEPTH (ft)

OVERBURDEN
CORRECTION
FACTORA

CORRECTED NVALUE

TOTAL UNIT
WEIGHTA

LATERAL SOIL
MODULUSB

50%
STRAINC

100% STRAINC

σ' (psf)

CN

N'

γ (pcf)

k (pci)

ε50 (in/in)

47

2.0

5

90

70

0.010

235

235

2.0

5

90

70

981

731

1.3

4

90

40

VERTICAL TOTAL
STRESS AT MID.
LAYER

VERTICAL EFFECTIVE
STRESS AT MID. LAYER

BOTTOM

σ (psf)

66.0

47

66.0

63.0

63.0

50.0

ELEVATION (ft)

LAYER #

SOIL CLASSIFICATION
TOP

BOTTOM

TOP

1

PT

0.0

1.0

67.0

2

SM

1.0

4.0

3

PT

4.0

17.0

UNDRAINED SHEAR
STRENGTHD

FRICTION
ANGLEE

POISSON'S
RATIOF

SHEAR
MODULUSG

ε100 (in/in)

Cu (psf)

0.030

250

Ф (deg)

ν

---

0.45

0.010

0.030

0.020

0.060

600

---

250

---

STEEL H-PILE
ULT. UNIT SKIN FRICTIONH

ULT. UNIT END
BEARINGI

G (ksi)

fs (psf)

qb (ksf)

0.9

160

5

0.45

0.9

160

0

0.40

0.6

160

5

4

CL

17.0

37.0

50.0

30.0

2575

1296

1.1

12

100

500

0.007

0.015

1600

30

0.50

4.1

680

15

5

SP-SM

37.0

60.0

30.0

7.0

4773

2152

1.0

12

105

30

---

---

---

31

0.30

1.3

25

65

NOTES:
* DUE TO THE VARIABILITY AND UNPREDICTABLE NATURE OF THE DEBRIS MATERIAL, THE PROVIDED PARAMETERS SHOULD BE USED WITH CAUTION
A) OVERBURDEN CORRECTION
B) SOIL UNIT WEIGHT FOLLOWS TYPICAL VALUES IN THE LITERATURE.
C) SOIL MODULUS (k) FOLLOWS:
SANDS/MIXED SOILS
CLAYS - TABLE 3.3 IN LPILE PLUS 5.0 USER'S MANUAL.
Partially Weathered Rock (PWR)
D) ε50 & ε100
E) UNDRAINED SHEAR STRENGTH
F) FRICTION ANGLE
G) POISSON'S RATIO
H) SHEAR MODULUS
I) VERTICAL FAILURE SHEAR STRESS
J) VERTICAL BEARING FAILURE LOAD AT TIP

Key to Soil Classification

KEY TO SOIL CLASSIFICATION
Correlation of Penetration Resistance with Relative Density and Consistency
Granular Materials
Auto Hammer
Relative
SPT N-Value
Density
(Blows/foot)
Very Loose
Less than 3
Loose
3–8
Medium Dense
8 - 24
Dense
24 - 40
Very Dense
Greater than 40

Silts and Clays
Auto Hammer
SPT N-Value
Consistency
(Blows/foot)
Very Soft
Less than 1
Soft
1–3
Firm
3-6
Stiff
6 - 12
Very Stiff
12 - 24
Hard
Greater than 24

Particle Size Identification (Unified Soil Classification System)
Boulders:
Cobbles:
Gravel:
Sand:

Diameter exceeds 8 inches
3 to 8 inches diameter
Coarse - 3/4 to 3 inches in diameter
Fine - 4.76 mm to 3/4 inch in diameter
Coarse - 2.0 mm to 4.76 mm in diameter
Medium - 0.42 mm to 2.0 mm in diameter
Fine - 0.074 mm to 0.42 mm in diameter
Modifiers

These modifiers provide our estimate of the amount of fines (silt or clay size particles) in soil samples.
Approximate Fines Content

Modifiers

5% Fines 12%
12% Fines 30%
30% Fines 50%

Slightly silty or slightly clayey
Silty or clayey
Very silty or very clayey

These modifiers provide our estimate of shell, rock fragments, or roots in the soil sample.
Approximate Content, By Weight
< 5%
5% to 10%
15% to 25%
30% to 45%
50% to 100%

Modifiers
Trace
Few
Little
Some
Mostly

These modifiers provide our estimate of organic content in the soil sample.
Organic Content

Modifiers

1% to 3%
3% to 5%
5% to 20%
20% to 75%
> 75%

Trace
Slightly Organic
Organic
Highly Organic (Muck)
Peat

Field and Laboratory Test Procedures

FIELD AND LABORATORY TEST PROCEDURES
FIELD TEST PROCEDURES
Standard Penetration Test (SPT) Borings – Standard Penetration Tests (SPT) borings were
made in general accordance with ASTM D-1586-67, "Penetration Test and Split-Barrel Sampling
of Soils". The borings were continuously sampled to 10 ft. Below 10 feet and until boring
termination depths, split spoon sampling was performed at a spacing of 5 feet. Below the
groundwater levels, the borings were advanced using rotary drilling techniques with side discharge
and circulating bentonite fluid for borehole flushing and stability. Drilling tools were removed
from the borehole and a split-barrel sampler inserted to the borehole bottom and driven 18-24
inches into the material using a 140-pound SPT hammer falling on the average 30 inches per
hammer blow. The number of hammer blows for the second and third six inch intervals of
penetration is termed the "penetration resistance, blow count, or N-value". After driving the
sampler 18-24 inches or to refusal at each test interval, the sampler was retrieved from the borehole
and a representative sample of the material within the split-barrel was placed in a glass jar or
plastic bag and sealed. After completing the drilling operations, the samples for the boring were
transported to our laboratory where they were examined by one of our geotechnical engineers to
verify the driller's field classifications.
LABORATORY TEST PROCEDURES
Percent Fine Content – To determine the percentage of soils finer than No. 200 sieve, the dried
samples were washed over a 200 mesh sieve. The material retained on the sieve was oven dried
and then weighed and compared with the unwashed dry weight in order to determine the weight of
the fines. The percentage of fines in the soil sample was then determined as the percentage of
weight of fines in the sample to the weight of the unwashed sample. This test was conducted in
accordance with ASTM D 1140.
Natural Moisture Content – The water content is the ratio, expressed as a percentage, of the
weight of water in a given mass of soil to the weight of the solid particles. This test was conducted
in the general accordance with FM 1-T 265.
Percent Organic Content
This test is based on the percent of organics by weight of the total sample. This test was conducted
in accordance with FM I - T 267.
Plasticity (Atterberg Limits) - The soil's Plastic Index (PI) is bracketed by the Liquid Limit (LL)
and Plastic Limit (PL). The LL is the moisture content at which the soil flows as a heavy viscous
fluid and is determined in general accordance with FM 1-T 089. The PL is the moisture content at
which the soil begins to crumble when rolled into a small thread and is also determined in general
accordance with FM 1-T 090. The water-plasticity ratio is computed from the above test data.
This ratio is an expression comparing the relative natural state of soil with its liquid and plastic
consolidation characteristics.
pH – The pH is an expression of the concentration of dissociated hydrogen ions present in an
aqueous solution. pH values range from 1 to 14, with values below 7 indicating acidic conditions
and values above 7 indicating alkaline (basic) conditions. This test is performed using a calibrated
electronic pH meter with a sensing probe. The meter is calibrated by immersing the probe in a

solution with a known pH. The soil pH is determined by mixing equal weights of soil and distilled
water and testing the supernatant solution with the pH probe.
Electrical Resistivity – Resistivity is a measure of the resistance to flow of electrical current
through the soil. Resistivity, the inverse of conductivity, is measured in units of ohm-centimeters.
This measurement is performed with a calibrated electronic conductivity/resistivity meter which is
equipped with a sensing probe. The conductivity/resistivity of soil samples is
conductivity/resistivity of the supernatant solution with the sensing probe.
Sulfate and Chloride Content – The sulfate (SO4,-2) and chloride (Cl-) content of the site soils
were performed in general accordance with ASTM D-512 for chloride ions in soils, and ASTM D4130 for sulfate ions in soils.

