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1.0 INTRODUCTION

1.1 General Background -

The Hillsborough County Solid Waste Management Department (County) is planning
construction of a disposal expansion area at the Southeast County Facility. Figure 1 depicts a
regional facility location map and Figure 2 indicates the approximate limits of the existing and
proposed disposal areas). The proposed expansion area, designated as Southeast Capacity
Expansion Area (SCEA), lies north-northeast of the existing disposal area. Figure 3 shows a site
photograph looking north at the proposed SCEA. The site is situated within the northern half of
Section 23 and the southern half of Section 14 of Township 31 South, Range 21 East.

The perimeter outline of SCEA encompasses approximately 140 acres in total but the
hydrogeological and geotechnical investigation focuses on establishing parameters for
construction design of the 11-acre parcel located in the lower southeastern end of SCEA. The
11-acre parcel is designated as Section 1, the initial development area.

1.2 Purpose and Scope

Barnes, Ferland and Associates, Inc. (BFA) conducted a hydrogeological and geotechnical
investigation to evaluate the subsurface conditions at the site and develop related design and
construction criteria. This work was performed under a Sub-Consultant Agreement with SCS
Engineers. The geotechnical explorations and laboratory testing were performed by Ardaman
and Associates, Inc., through an Agreement with the County.

The scope of the hydrogeological/geotechnical investigation includes the following:
1) Review of selected existing hydrogeological studies and related literature;

2) Field explorations including standard penetration test borings, cone penetration tests,
piezometer installations, collecting water level measurements and slug testing;

3) Geotechnical laboratory testing of soils;

4) Hydrogeological analyses consisting of regional and site hydrogeology, regional and site
hydrology, and existing well inventory; '

5) Geotechnical analysis consisting of a description of subsurface conditions, a sinkhole
evaluation, and foundation evaluations;

6) Preparation of this report with results of the literature review, field explorations,
laboratory testing, hydrogeological and geotechnical analyses.
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1.3 Previous Studies

Several hydrogeological investigations have been completed in the past that include the SCEA.
The Southwest Florida Water Management District (SWFWMD) evaluated the regional water
resources including this area in their 1993, “Eastern Tampa Bay Water Resource Assessment
Project”, and also their 1988 “Groundwater Resource Availability Inventory for Hillsborough
County”. These reports contain a compiled inventory of reports and data pertaining to the
hydrology and hydrogeology of this region. Hydrogeological/geotechnical evaluations have
previously been conducted at the Southeast County Facility for purposes of designing and
permitting the sanitary landfill. They include Ardaman and Associates, Inc., 1983, Ardaman and
Associates, Inc. 1994, Jammal and Associates, Inc., 1990, and CH2M Hill, 1995. This
information was also used as part of this investigation. ' :
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2.0  FIELD INVESTIGATION

2.1 General

The proposed SCEA encompasses approximately 140-acres in total but most of the explorations
concentrate on an 11-acre parcel known as Section 1 (Figure 2). The proposed SCEA, and the
existing disposal area, were formerly used during phosphate mining operations. Waste clays,
mining spoils, and sand tailings from excavation operations were deposited within bermed
settling ponds. Underlying the waste clay is a light brown silty sand which identifies the lower
limits of the waste clay. A silty sand generally extends to a greenish-gray clayey sand (Bone
Valley Formation). The clayey sands generally extend from the Bone Valley Formation to a
light brown clayey sand with silt and phosphate (Hawthorn Formation).

Figure 2 shows the locations where standard penetration tests (SPTs), cone penetrating tests
(CPTs) and piezometers were performed. The geotechnical explorations and soils testing were
conducted by Ardaman and Associates, Inc. and results are presented in Appendix A. The
following is a description of the exploration program.

2.2 Soil Boring Program

Eight SPT borings were made at the locations shown on Figure 2. The purpose of these borings
was to identify stratigraphy of soil types beneath the proposed SCEA and obtain soil samples for
geotechnical laboratory testing to evaluate their engineering properties. Continuous sampling
(split spoon or thin walled tube) were performed through the sand tailings, waste phosphatic
clays and earthen berms and then sampling was performed at five foot intervals thereafter. Five
borings were made within Section 1 which extended through the surficial aquifer and Bone
Valley Formation and into the underlying Hawthorn Formation. Three borings were made
outside Section 1 which extended through the overlying sand tailing and waste clay layer and
into the surficial aquifer. Split spoon and thin walled tube sampling was carried out in
accordance with ASTM Standard Method D-1586 and- ASTM Standard Method D-1587,
respectively. Samples were logged in the field and then sent to the soils laboratory for further
testing. Each soil boring was grouted to land surface upon completion with a five percent
bentonite cement mixture.

2.3 Cone Penetrating Test Program

Thirteen CPT borings were performed at locations shown on Figure 2. Eight of these borings -
were performed within Section 1 and the remaining borings were performed outside of Section 1

limits. The purpose of the CPT borings is to determine the engineering properties of shallow

soils beneath the proposed SCEA. CPT borings penetrated through the sand tailings and waste

clay soil layers approximately five feet into the Bone Valley formation. CPT borings were

performed in accordance with the ASTM D-3441 Standard Methods.
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2.4 Piezometer Installation

Ten piezometers were constructed within the surficial aquifer system at the locations shown in
Figure 2. The purpose of these piezometers is to obtain water level measurements and define the
water table elevation, flow directions and gradients and to conduct slug testmg to estimate the
horizontal hydraulic conductivity of the surficial aquifer materials.

Eight piezometers were constructed outside the limits of Section 1. Five were placed below the
waste clay layer and above the Bone Valley Formation to monitor the local water table
conditions. Three were placed above the waste clay layer to monitor seasonal or perched
conditions. Two piezometers (P-1S and P-1D) were constructed within Section 1 limits to
monitor both seasonal/perched and local water table conditions. ‘

Each piezometer was constructed in accordance with requirements of the Southwest Florida
Water Management District (40D-3). Table 1 and Appendix A summarize piezometer
construction details. The piezometers were constructed using hollow stem auger drilling
methods and were subsequently developed.

2.5 Horizontal Hydraulic Conductivity Testing

Slug tests were performed by BFA within six of the piezometers to collect data on horizontal
hydraulic conductivity. The piezometers include P-1D, P-2D, P-2S, P-4D, P-4S and P-6D. The
slug tests consisted of rapidly adding or removing a volume of water into/from the well and
collecting water levels until static conditions returned. The change in head over time was
monitored using an electronic water level indicator. The data were evaluated using the Bouwer
and Rice Method of analysis to estimate horizontal hydraulic conductivity (Appendix B).
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3.0 HYDROGEOLOGICAL ANALYSES

3.1 Regional Hvdrogeologic_ Setting

The geologic units underlying the Southeast County Facility consist of both unconsolidated and
consolidated materials that range in age from Holocene to Paleocene and older. These units,
shown in Table 2, are generally described below.

The youngest deposits are surficial sands, clays and related materials of Holocene to Pleistocene
age, which occur from land surface to maximum depths of about 25 feet. These surficial
materials are primarily terrace deposits and are immediately underlain by remnants of the Bone
Valley Formation (the undifferentiated deposits of Table 2), of Pliocene age, which may vary in
thickness from about 25 to 50 feet in the project area. The Bone Valley is composed largely of -
phosphatic sands and clays in many areas, and is commonly referred to as the “matrix” or “ore
zone”. The surficial materials and the Bone Valley Formation, at some areas of the Southeast
County Facility, have been highly disturbed by mining, with most of the native materials having
been removed and replaced during the course of mining and subsequent land reclamation.

Sediments of Miocene age in the project area consist of the Hawthorn Formation and the Tampa
Limestone. The top of the Hawthorn Formation occurs at depths of approximately 40 to 75 feet
bls (below land surface) and the included sediments vary in thickness from about 75 to 100 feet.
The upper part of the Miocene sediments is composed of clayey sands, silt, clay, shell, marl and
phosphatic materials. In the lower part, the Tampa Limestone consists of limestone and sandy
limestone with lenses of sand and clay. The Tampa Limestone occurs at a depth of about 150 to
160 feet bls and extends to a depth of some 300 feet.

The materials that underlie the Miocene sediments are primarily limestones and dolomitic
limestones that range in age from Oligocene to Paleocene and are designated, in downward
order, as the Suwannee Limestone, Ocala Limestone, Avon Park Formation, Oldsmar Formation,
and the Cedar Keys Formation. The Suwannee Limestone, primarily composed of fossiliferous
limestone - and lenticular interbedded dolomitic limestone of Oligocene age, immediately
underlies the Tampa Limestone. The Suwannee is in turn underlain by the Ocala Limestone, of
Eocene age, composed of fossiliferous limestone which is generally cream-to-tan in color and
relatively soft. Next, the Avon Park Formation is composed of limestone and dolomitic
limestone; the limestone usually being medium hard to hard and tan-to-brown in color and the
dolomitic units tending to be hard and brown-to-dark brown in color. The basal Eocene unit is
the Oldsmar Formation, composed of limestone and dolomitic limestone with intergranular
gypsum in many areas. Total thickness of the Eocene carbonate rocks in the project area is not
known. The Oldsmar is, in turn, underlain by the Cedar Keys formation which consists of
limestone and dolomitic limestone with beds of anhydrite. This Paleocene age unit is seldom
penetrated by wells and its total thickness in unknown.

Three aquifer systems are present in the geologic section described above. These are, in
downward order, the surficial aquifer, the intermediate aquifer, and the Floridan aquifer system.

General characteristics for each aquifer, typical of Southeast Hillsborough County, are discussed
below. : '
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The surficial aquifer occurs in the sands of the terrace deposits, which are grouped in Table 2 as
Holocene and Pleistocene surficial materials. This is basically an unconfined aquifer, that is it
contains groundwater under atmospheric pressure. The water table is usually within a few feet of
land surface and the hydraulic gradient and flow direction generally conform to the land surface
topography of the area. The base of the surficial aquifer is usually the less permeable materials of
the underlying Pliocene or Miocene sediments. Yields from this aquifer are relatively low and its
general lack of confinement leaves it vulnerable to any pollutants that may be present at land
surface. Transmissivity and storativity (specific yield) in the vicinity of the Southeast County
Landfill were estimated, respectively, as 1,800 ft*/d and 0.12 (CH2M Hill, 1995).

The water bearing zone, or zones, that compose the intermediate aquifer usually consist of

- discontinuous beds of shell, gravel, limestone and dolomitic limestone within the Hawthorn
Formation sediments. These may occur in both the upper and lower parts of the Hawthorn
Formation and may be separated by beds of lower permeability; and although the intermediate
aquifer contains some production zones, the host sediments of the Hawthorn, collectively,
function as a confining unit to retard movement of groundwater in either vertical direction. The
intermediate aquifer contains groundwater under semi-confined to confined conditions. It yields
low to moderately high quantities of groundwater, its transmissivity being highly variable due to
its discontinuous and lenticular nature. Reported transmissivity values throughout the extent of
the intermediate aquifer may range from about 200 to 13,000 ft*/d (SWFWMD, 1988); those for
the vicinity of the Southeast County Facility may range from about 170 to 740 ft*/d (CH2M Hill,
1995). :

The Floridan aquifer, a major regional aquifer system, occurs in the mainly carbonate rocks that
range in age from basal Miocene through Eocene age rocks. In Southeast Hillsborough County,
its top is generally considered to be in limestones of the Tampa Limestone, and its base in the
Oldsmar Limestone. The aquifer system is commonly subdivided into the Upper Floridan
aquifer, and the Lower Floridan aquifer, both of which contain water under confined conditions
and are usually highly transmissive. The Upper Floridan aquifer is composed of rocks of the
Tampa Limestone, Suwannee Limestone, Ocala Limestone, and the upper part of the Avon Park
Formation. It yields fresh groundwater and is the principal source of water throughout most of
the SWFWMD area. Thickness of the Upper Floridan aquifer is approximately 1,200 feet at the
project area (CH2M Hill, 1995, SWFWMD, 1993) Aquifer tests in the vicinity of Southeast
County Facility indicate transmissivity on the order of 100,000 ft*/d (CH2M Hill, 1995).

The Upper Floridan aquifer is underlain by the middle semi-confining unit, which in turn is -
underlain by another highly transmissive zone designated as the Lower Floridan aquifer which
occurs in the Oldsmar Limestone. Little, however, is specifically known of the Lower Floridan in
most of the area; it is generally not penetrated by wells because of its depth and the likelihood
that it contains brackish to saline groundwater. Paleocene age rocks of the Cedar Keys
Limestone function as the lower confining unit for the Floridan aquifer system.
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3.2 Site Hydrology and Drainage

The proposed SCEA lies within the Alafia River drainage basin, which eventually drains into
Tampa Bay. The major drainage features, located in the immediate vicinity of the proposed
SCEA, include the South Prong of the Alafia River, Hurrah Creek, and Lewis Branch to the
south and east; and Doe Branch, Long Flat Creek, and Chito Branch to the north and west of the
site (Figure 1).

Prior to mining, surface-water drainage from the southeast and east area of the Southeast County
'Facility was southeast to Hurrah Creek and northeast to Chito Branch, tributaries of the South
Prong of the Alafia River; and drainage from the remainder of the Southeast County Facility was
to the northwest to Long Flat Creek, a tributary of the Alafia River (Figure 1). Thus, under pre-

mining conditions, a surface water drainage divide apparently occurred at the Southeast County
Facility.

Historical drainage patterns have been altered by past phosphate mining activities and
development of Southeast County Facility. Surface drainage now is controlled by berms, ditches
and structures which channel runoff to stormwater detention/filtration basins that exist along the
perimeter of the Southeast County Facility. Figure 4 shows the major drainage patterns at the
Southeast County Facility. Generally runoff from the Southeast County Landfill and the
proposed SCEA discharges into a stream tributary, along the western property boundary, that
leads to Long Flat Creek. Basins B and C contain spillways that may overflow east into the
Central Pond Complex during rainy periods. From the Central Pond Complex, flow travels north
and subsequently west, through perimeter ditches leading to a stream tributary of Long Flat
Creek. Basins A, D and E also outfall to this stream.

3.3 Groundwater Movement

Under pre-mining conditions, the water table at the Southeast County Facility probably
approximated the land surface topography and groundwater movement in the surficial aquifer
generally followed the pattern of pre-mining movement of surface waters on the site, as
described above. However, mining and land reclamation activities have resulted in changes to
both site topography and permeability of some of the materials in the shallow subsurface.
Discontinuous perched water table conditions may occur at the proposed SCEA above the
shallow confining lenses (waste clay layers). This was apparent at piezometer locations P-285, P-
3S and P-4S, and may be more significant during the rainy season (June - September). Perched
water table levels may occur greater than 10 - 15 feet above the local water table depending on

the presence of waste clay layers. It is expected that this condition will not exist once the waste
clay layers are removed.

Figures 5 and 6 present the local water level elevations of the surficial aquifer observed during
the study period on 6/13/97 and 8/18/97. The water levels were determined from piezometers
that penetrated into native, unmined surficial aquifer materials. Water table elevations ranged
from 121 to 110 feet NGVD across the proposed SCEA on 6/13/97 and from 124 to 112 feet
NGVD on 8/18/97. Water level elevations appear to be highest along the southeastern and
eastern perimeter of the proposed SCEA, most likely as a result of mounding effects from the
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adjacent surface water bodies. The lowest water level elevations were located in the western
portion of the proposed SCEA, most likely as a result of drainage by the stream tributary. Based
on the water table contours, groundwater flow in the surficial aquifer is primarily in a west to
northwesterly direction. A prominent feature of the water table contours in the western part of
the proposed SCEA (Figures 5 and 6) are their closer spacing, which may indicate a lower
transmissivity. Piezometer P-5S was not included in development of the localized water table
maps (Figures 5 and 6) due to the apparent perched water level conditions. '

The average groundwater flow velocity (v) in the surficial aquifer was calculated using the
following equation:

_ KAk
n.

v

where: v = groundwater flow velocity

K= hydraulic conductivity
Ah=  hydraulic gradient
n= effective porosity

Slug test data for four (4) piezometers (P-1D, P-2D, P-4D and P-6D) were used to obtain an
average hydraulic conductivity (K) of about 1.34 ft/d. (see Appendix B). The average hydraulic
gradient along a groundwater flow line from the vicinity of monitor well P-3D to the west end of
the porosity is about 11.5 /3,000 ft (or 3.8 x 10?). The effective porosity SCEA for surficial
aquifer sand material is expected to range from 10 to 30 percent. The ground water flow velocity
within the surficial aquifer was calculated as follows:

v =0.05 ft/d, if » is assumed to be 10 percent;
v =0.025 ft/d, if »n is assumed to be 20 percent; and
v =0.017 ft/d, if »n is-assumed to be 30 percent.

The median value (20 percent) assumed for effective porosity is believed to be the most
representative value, and the range assumed (10 to 30 percent) should cover the actual range for
the relatively fine materials that comprise the surficial aquifer at the proposed SCEA. Average
groundwater velocities, for lateral flow, are quite small anywhere within the range of probable
effective porosities.

There is a downward gradient from the surficial to the intermediate aquifers, so there is also the
potential for vertical movement of groundwater from the surficial aquifer downward to the
intermediate aquifer. Actual movement is limited, however, by low permeability strata at the
base of the surficial aquifer and in the Pliocene sediments which restrict vertical movement of
groundwater from the surficial aquifer to the underlying intermediate aquifer. Vertical hydraulic
conductivity of these low permeability units is on the order of 1.5 x 10™ f/d (SWFWMD, 1988).
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The direction of lateral flow for groundwater in the intermediate aquifer is indicated by reference
to regional maps of the potentiometric surface for this aquifer. Figures 7 and 8 show,
respectively, the potentiometric surface for the intermediate aquifer for May 1996 (low pressure
conditions) and September 1996 (high pressure conditions). The general direction of lateral flow
in the intermediate aquifer is just north-of-west at the Southeast County Facility.

There is the potential for downward movement of groundwater from the intermediate aquifer to
recharge the Upper Floridan aquifer. However, leakance values for basal units of the Hawthorn
Formation, determined from aquifer tests in the area, are reported to range from about 1.0 x 107
f/d/ft to 4.0 x 107 f/d/ft (SWFWMD, 1988). These low leakance values verify the confining
nature of the intermediate aquifer/confining system. These confining characteristics are further

supported by the large head differences between the intermediate and Upper Floridan shown in
Figures 7 through 11. ' '

The direction of lateral flow for groundwater in the Upper Floridan aquifer is indicated by.
reference to regional maps of the potentiometric surface for the intermediate aquifer for May and
September, 1996 (Figures 10 and 11). In May, near the end of the annual dry season, flow
direction in the Upper Floridan in the project area has a small south-of-west component related
to the large cone of depression which primarily results from agricultural withdrawals to the
southwest. By September, groundwater levels have largely recovered in this depression, and the
direction of flow in the Upper Floridan aquifer has a west direction.

3.4  Well Inventory

A well inventory was performed to determine water use within the study area. No potable wells
exist within 500 feet of the proposed SCEA. The County uses bottled water for drinking
purposes at the Southeast County Facility. Appendix C contains a listing of Southwest Florida
Water Management District well construction permits within Sections 23 and 14 of Township 31
and Range 21. These sections encompass the proposed SCEA and a 500 foot buffer zone. Some
of these wells may be more than one mile from the proposed SCEA since well construction
permits identify locations by sections and do not provide exact locations. * Two wells are

classified as public supply and the remaining wells are used for groundwater monitoring
purposes (see Appendix C). '

Three supply wells exist at the Southeast County Facility near the Administration and Scale
House Building, Equipment Maintenance Building and the Leachate Treatment Facility. These

wells are used for washdown and cleaning purposes and are located more than 500 feet from
Section 1 Expansion Area. ’
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40 GEOTECHNICAL ANALYSES

4.1 Subsurface Conditions

The Southeast Capacity Expansion Area, and the existing Southeast County Landfill were
formerly used during phosphate mining operations. Waste clays, mining spoils, and sand tailings
from excavation operations were deposited within bermed settling ponds. The upper few feet of
the mining waste was removed from the area within the Section 1. As described earlier, several
CPT tests and SPT borings were performed by Ardaman & Associates within the Section 1, and
the boring logs and the test results are presented in Appendix A. The following generalized soil
profile description at Section 1 is primarily based on the CPT test results, SPT boring logs, and
several geotechnical laboratory tests conducted on the site soils. The laboratory test results are
given in the next section. The ground surface elevations at the SPT boring locations are
presented along the boring logs (see Appendix A).

As shown along the two hydrogeological cross-sections (Figures 12 - 14), the site soils within the
depth of investigation consist of four strata. The upper Stratum 1 consists of five to 17 feet of
grayish brown sand tailings (SP-SM to SM) interlayered with greenish gray phosphatic waste
clay (CH to CH-CL). The only exception to this is at SPT-2A where this stratum extends to El.
97 ft (i.e., to a depth of 32 feet below ground surface). SPT-2A is located approximately 250
feet east of the Section 1. The least thickness of the stratum is five feet at SPT-7A at northern
end of the site. The bottom of this stratum varies from El. 113 ft at SPT-4A (center of the site) to
EL 120 ft at SPT-6A and SPT-8A approximately 200 to 300 ft away from the western and
northern boundaries of the site. The highest elevation of the stratum within the site is EL. 119 ft
at SPT-7A. The bottom of this stratum at SPT-2A is at El. 97 ft. The uppermost water table was
Jocated in this stratum, perched above the waste clay layers. The standard penetration resistance
(N) for this stratum ranged from one to 27 blows per foot with most soils having an N value of
less than 10 blows per foot. The fines content of this stratum ranged from three percent to 100
percent. The sand tailings and the mixtures have fines contents in the range of three to 41
percent. The phosphatic clays and the mixtures have fines contents in the range of 19 to 100
percent with most prevailing range of 65 to 95 percent fines. '

Stratum 2 soils consist of brownish gray to brown undifferentiated silty sand (SM) to sand with
silt (SP-SM) deposits ranging in thickness from 12 ft at SPT-8A to 20 ft at SPT-5A. The median
thickness of this stratum within Section 1 is approximately 15.5 ft. This stratum is absent at
SPT-2A. The Stratum 2 conformably underlies the Stratum 1. The local water table conditions
were found to exist within this stratum. The N values for this layer varied from 2 to 82 with a
number of N values exceeding 50 blows per six-inches of penetration. The fines contents for this
stratum ranged between six and 32 percent. ‘

Stratum 3 soils primarily consist of 11 ft (at SPT-4A) to 22 ft (at SPT-1A) thick Bone Valley
Formation deposits conformably underlying the Stratum 2 deposits at the site. The deposits
primarily consist of gray clayey sand (SC) with sandy clay (CH), sand and cemented sand (SP),
and silty sand with clay (SM-SC). The median thickness of the stratum encountered at the site is
approximately 17.5 ft. The N values for this stratum ranged between 2 and 22 with common
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occurrence of an N value less than 10. The fines contents for this stratum varied from 20 to 64
percent.

Stratum 4 soils consist of light brown clayey sand with silt and phosphate (SC) deposits of
Hawthorn Formation. The depth of investigation was limited to only five to ten feet of
penetration into this stratum. This stratum forms the rigid base for the geotechnical analyses.
The auger refusal occurred at depths within this stratum. The typical N values for this stratum
ranged from greater than 50 to 50 per two-inches of penetration.

4.2 Sinkhole Evaluation

Sinkhole potential studies have previously been conducted by Ardaman & Associates (1983) for
the adjacent Southeast County Landfill and by CH2MHill (1995) for a site approximately one

mile east of the proposed SCEA. These evaluations were applied to the proposed SCEA and are
presented below in their entirety. '

The development of sinkholes can not be reliably predicted with the current state of knowledge.
However, certain areas are known to be more susceptible to sinkhole development than others
due to favorable hydrogeologic conditions. There are three distinct types of sinkholes which

have developed in Florida. They are collapse sink, doline or solution sink, and erosion sink. A
description of each follows.

e A collapse sink is generally steep-sided and rocky. It occurs when a cavity can no longer
support the weight of the overlying soil and rock. This type of sink generally occurs when
the limestone is at or near the surface and solution weathering is still very active.

¢ A doline or solution sink is more common in Florida though not as dramatic as the collapse
sink. There is no physical disturbance of the soluble rock beneath a doline. Subsidence of the
overlying soil occurs due to gradual dissolution and/or lowering of the rock surface (rock
surface doline) and/or gradual dissolution or leaching of soluble materials (calcium
carbonate) from the overlying calcareous soil and rock (overburden doline). The Florida
Geological Survey estimates that this type of subsidence occurs at the rate of one foot every
five to six thousand years. Because water flows radially to the intersection of vertical joints
where it enters the rock mass, the surface expression is a shallow and nearly c1rcu1ar
depression located over the intersection of the joints.

o The erosion sink is the most common type of sink occurring in Florida. This type of
‘sinkholes frequently occur in an environment characterized by:

- Limestones overlain by relatively pervious unconsolidated sediments, e.g., sandy soils.
- Cavity systems present in the limestone. ’
- A water table higher than the potentiometric surface in the underlying limestone.

- A breach of the limestone into the cavernous zone creating a point of high recharge to the
artesian aquifer.
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Under these circumstances, water moving down into the limestone may take large amounts of
sediment into the cavernous system, creating a void and/or raveled zone in the overlying
sediments. When the void or loose zone in the overlying sediments reaches a size where the
roof is no longer stable, the overburden suddenly collapses. Alternatively, the cavern roof
may collapse under a subsequent increase in supported weight due, for example, to a
lowering of the ground water table. In many cases, the overburden is visible after the
collapse, but for some sinks of this type, the collapsed overburden disappears into the cavity
system. In other cases, the sudden subsidence of the ground surface is.only six inches to one
foot deep. A study of the recent and prehistoric locations of the erosion-type sinkholes,
which have occurred in the Hillsborough County, indicated that the proposed SCEA is
located in an area of low sinkhole activity.

In addition to the historic occurrences, lineament analysis indicating the presence of linear
surface features is an important factor in determining the potential for sinkhole development.
Because solutioning is most active along fractures in the limestone, the location of these features,
especially those which may be exposed at the surface of the limestone, should be identified and
evaluated for patterns of fracture intersections. It is difficult to map these features when the
limestone surface is buried under overlying sediments. However, they are often inferred from
linear surface features, such as stream segments, alignment of sinkholes, etc. These linear
surface features are lineaments. A lineament map of the study area discerned from aerial
photographs indicated that relatively few lineaments are apparent in the area of the Southeast
County Facility, and that predominant pattern of primary and/or secondary direction of
lineaments is not obvious at the subject site.

The other factors that should be considered in evaluation of sinkhole potential include thickness
of cohesive clayey sediments of low permeability above the limestone layers, -relationship
between elevations of water table and potentiometric surface in artesian aquifers, ground water
withdrawal, etc. The hydrogeological investigation for the existing Southeast County Landfill,
conducted by Ardaman & Associates, indicated that the nearest limerock layer to the land
surface is greater than 100 feet below land surface. - The clastic overburden consists of clay,
sandy clay, and clayey sand. The relative vertical gradient of the site ground water is expected to
be downward from the water table to the potentiometric surface. Based on the above factors, it is
concluded that the proposed SCEA is located in an area with a low probability of sinkhole
occurrence.

43 Foundation Analyses

4.3.1 Assumption and Recommendation

The Hawthorn Formation (Stratum 4) is considered a rigid base for all foundation analyses for
this study. The in-situ soils strata above the rigid base that are critical for the analyses include,
from bottom to top, Bone Valley Formation (Stratum 3), silty sand stratum (Stratum 2), sand
tailings and waste phosphatic clay (Stratum 1). Based on the bearing capacity analyses presented
in Section 4.3.3, the phosphatic clay underneath the proposed Section 1 Landfill should be
completely removed and replaced by compacted sand fill and/or sand tailings without the waste
clay and with fines contents no more than five percent. Based on experience and previous
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studies in the site vicinity, the sand tailings contain less than five percent fines content. The tests
conducted during this study showed greater then five percent fines content. The difference can
be attributed to sample horizon and mixture of the waste clays and sandtails. The in-situ soils or
natural materials used for backfill may contain higher than five percent fines, if the geotechnical
engineer determines through tests and evaluations during construction that the backfill materials
are acceptable. The removal of waste clay is necessary in order to achieve a factor of safety
greater than 1.5. This will constitute the new Stratum 1. The other material types involved in
the analyses include compacted subbase, liner system, final cover system, and ash refuse. The
various properties of these materials are given in the next subsection. The foundation analyses
are based on the data collected from the limits of Section 1 and the evaluation was extended to

the SCEA with the assumptions that the site conditions within SCEA are identical to those of
Section 1.

4.3.2 Materials Properties

The following materials properties are based on the geotechnical laboratory tests performed by
Ardaman & Associates for this investigation and the previous nearby studies conducted by
Ardaman (1983, 1994) and CH2MHill (1995). The results of geotechnical laboratory testmgs
conducted during this study are included in Appendix D-1.

e Sand Tailings (Stratum 1). The samples recovered during this study showed fines contents
similar to the soils representing mixture of sand tailings and waste clay. Therefore, strength
tests on the sand tailings could not be performed. Based on our experience at other similar
sites and the results presented in the previous studies by others in the site vicinity, the
following properties are assigned for this material group.

Total Unit Weight: Yy =120 pef
Shear Strength: @’ = 34° (range 330 to 379); ¢’ =0psf
e Waste Phosphatic Clay (Stratum 1). A significant amount of test data is available for the

waste clay from the previous studies and also during this investigation. The following
properties have been used in the analyses.

Total Unit Weight: Yy =85 pcf
Shear Strength: @ =0, ¢’ =700 psf

o Fill Sand (Stratum 1). Based on the experience and widely used published literatures, the
following properties of the fill sand are used in the analyses.

Total Unit Weight: Yty =120 pcf
Shear Strength: @ =32°; ¢’ =0psf

e Silty Sand (Stratum 2). Based on the experience in similar soils in the area, the following
properties are used in the analyses for this soil layer.
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Total Unit Weight:  Y{ =118 pcf
Shear Strength: - @ =30°; ¢’ =0psf
e Bone Valley Formation (Stratum 3). Based on the test results, the following parameters are
used in the foundation analyses. -
Total Unit Weight:  Y{ =118 pcf
Shear Strength: @ =30°; : ¢’ =0psf

e Refuse (Ash). No tests were performed on refuse samples. Based on the previous studies
(Ardaman, 1983 and CH2MHIll, 1995) and discussion with SCS Engineers, the following
properties were used for the ash refuse in the analyses.

Total Unit Weight: Yy =74 pcf
Shear Strength: @ =30°; ¢’ =0psf

e Liner System. The properties of the compacted subbase and the protective soil layer are
similar to that of the fill sands of Stratum 1 or the silty sands of Stratum 2. - For the analyses,
lower values have been used. For sliding between the liner and the frictional materials, such
as the geomembrane and subbase and the geotextile and protective soil layer, a friction angle

of 15° was selected (Ardaman, 1983 and CH2MHill, 1995).

e Final Cover System. The properties of the sand bedding and the protective soil cover are
similar to that of the sand tailings or the fill sands of Stratum 1. For the analyses, lower
values have been used. For sliding between the liner and the frictional materials, such as the

geomembrane and sand bedding, a friction angle of 26° was selected (Ardaman, 1983 and
CH2MHIll, 1995). -

4.3.3 Bearing Capacity

The bearing capacity of Section 1 was evaluated by analyzing the potential for a base failure into
underlying foundation materials. The proposed sections, provided by SCS Engineers, were used
to perform the failure surface analyses. A minimum factor of safety of 1.5 was sought for the
satisfactory design sections. The computer program GEOSLOPE/STABL4 was used to perform
the analyses. The computer output for analyses along two profiles, Sections A and B of

drawings provided by SCS Engineers, are included in Appendix D. A summary of the results is
given below. :

The profile Section A runs across the proposed Section 1 and SCEA along southwest-northeast.
The profile Section B runs across the Section 1 and SCEA along northwest-southeast. The
bearing capacity evaluation was performed along southwest face of Section A and southeast face
of Section B for the Section 1. The evaluation was extended to the SCEA with the assumptions
that the site conditions within SCEA are identical to that of Section 1. The northeast and
northwest faces of the Sections A and B are approximately identical to the opposite faces; and’
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therefore, the calculations along these faces were neither necessary nor performed. Figures 15
and 16 present the design sections of the southwest and southeast faces of the Section 1 and
SCEA respectively, which were utilized for the bearing capacity evaluation. The waste
phosphatic clay is expected to be removed and filled with fill sand. The analyses of the long-
term conditions at full height of the landfill are critical. All analyses were performed at high
seasonal water table conditions, which is approximated at El 124 ft (Section 3.3). The materials
properties presented in Section 4.3.2 were used for the stability analyses.

Sliding block (horizontal shear) and circular arc (rotational) stability analyses were performed
for the critical case of failure surfaces along the interface of the geomembrane and the
compacted subbase, and through the compacted subbase, the fill sands, Stratum 2 silty sands, and
Bone Valley Formation. The following assumptions were used for bearing capacity
caluculations. The overall side slope of the SCEA can be maintained at 3:1 to an elevation of El
280 ft with a 15-foot bench at an interval of 30-foot loading followed by a 20:1 slope to the
maximum height of El 307 ft at the center of the SCEA. ' '

Case A  Stratum 1 Contains Phosphatic Clay

The factor of safety was estimated for a case with no removal of waste clay, i.e., leaving the
existing waste clay materials inplace as currently present within Stratum 1. The minimum safety
factor for circular arc failures for the southwest face (Figure 15) was estimated at 1.57 with
failure surface passing through the Stratum 1. The minimum safety factor for sliding block
failures for this face was estimated at about 1.0 with failure surface passing through the Stratum
1. The graphical plots of the results are shown on Figures 17A and 17B. The computer output
of the computations including the input data is included in Appendix D-2. The estimated factor
of safety for sliding block failure was not satisfactory and could not be accepted for design
purposes. Therefore, no further calculations were performed using this scenario. All further
evaluations were conducted with the assumption that the phosphatic waste clay materials will be
removed and replaced with compacted fill sands in Stratum 1.

Case B Southwest Face

The minimum factor of safety for circular arc failure along southwest face (Figure 15) was
estimated at 1.82 with the failure surface passing through the textured geomembrane
immediately above the compacted subbase. The minimum factor of safety for failure surfaces
passing through the Stratum 3 Bone Valley Formation was estimated at 2.85. The results are
graphically presented on Figures 18A and 18B, and the computer output is included in Appendix
D-3. The horizontal shear stability analyses of the face were also performed and the results are
graphically shown on Figure 19A and 19B, and the computer output is given in Appendix D-3.
As shown on these figures, the estimated results indicated that the minimum factor of safety is
expected to be 1.61 with the failure surface passing along the interface of the gecomembrane and

the compacted subbase. The deep failure surface passing through the Stratum 3 soils indicated a
minimum factor of safety of 2.76.
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The horizontal shear stability and circular arc analyses were also performed for the case with

maximum height of El 198 ft. The minimum factors of safety for circular arc and sliding block
analyses were estimated at 1.93 and 1.56, respectively.

Based on the estimated minimum factors of safety for various failure surfaces, the design

sections presented in Figure 15 with Stratum 1 containing fill sands as replacement of phosphatic
clay has been determined to be safe.

Case C  Southeast Face

The minimum factor of safety for circular arc failure along southeast face (Figure 16) was
estimated at 1.98 with the failure surface passing through the refuse along the slope of the
Sectionl and SCEA. The minimum factor of safety for failure surfaces passing through the
Stratum 3 Bone Valley Formation was estimated at 2.80. The results are graphically presented

§w%&(ﬁ,'

on Figures 20A and 20B, and the computer output is included in Appendix D-4. The horizontal

shear stability analyses of the face were also performed and the results are graphically shown on
Figure 21A and 21B, and the computer output is given in Appendix D-4. As shown on these
figures, the estimated results indicated that the minimum factor of safety is expected to be 1.61
with the failure surface passing along the interface of the geomembrane and the compacted

subbase. The deep failure surface passing through the Stratum 3 soils indicated a minimum
factor of safety of 2.65.

The horizontal shear stability and circular arc analyses were also performed for the case with
maximum height of El 198 ft. The minimum factors of safety for circular arc and sliding block
analyses were estimated at 1.92 and 1.56, respectively.

e

Based on the estimated minimum factors of safety for various failure surfaces, the design

sections presented in Figure 16 with Stratum 1 containing fill sands as replacement of phosphatlc
clay has been determined to be safe.

4.3.4 Tinal Cover Stabilitv

The stability of the final cover against sliding along the slope was also computed using the
computer program GEOSLOPE/STABL4. For conservative estimation of the safety factor
against sliding along the geomembrane, the computation was performed for a case with one foot
(half of layer thickness) of saturation of the protective soil layer in the final cover. The
minimum factor of safety was estimated at 1.46 for the textured geomembrane interface as
shown on Figure 22. The computer output for this scenario is included in Appendix D-5.

43,5 Settlement

The primary concern of settlements in subgrade soils at a landfill site relates to strains or angular
distortion caused in the liner system. The magnitude of the tensile strain must be within a
tolerable limit specified by manufacturer of the geomembrane. The distortion is normally caused
by the differential settlements at a landfill which may be caused by the differences in the loading

from the side slopes to the top of the landfill, or by variable soil conditions. The magnitude of
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the strain on the liner system depends on both the magnitude of the differential settlement and
the length over which it occurs. Total settlement for the study was estimated by adding elastic
compression (immediate settlement) and consolidation (long term settlement). For the purpose
of estimating maximum differential settlement, the maximum total settlement at the center of the
SCEA was calculated and then the total settlement was assumed to be the maximum differential
settlement over a distance from the toe of the landfill side slope to the top of the side slope.

The materials properties used in the calculations were based on the results of the field
exploration and laboratory testings conducted during this study, published data (Ardaman, 1983
and 1994, CH2MHill, 1995), and recommended foundation conditions (removal of waste clay
beneath Section 1 disposal area and replacing with fill sands or sand tailings). The results
summarized in Section 4.3.2 were used for all calculations.

Immediate Settlement

For immediate settlement analyses of the foundation soils, a Poisson’s ratio of 0.33 and a
Young’s modulus of 720,000 psf were used (NAVFAC, Soil Mechanics Design Manual 7.1,
May 1982). The calculations were based on the linear theory of elasticity for compressible soils
overlying a rigid base. The rigid base was assumed to be the top of Hawthorn Formation,
approximately 40 feet below the bottom of the refuse. The maximum elastic settlement at the
center of the SCEA was estimated to be less than four inches for the final case with top of the
landfill reaching El 307 ft. The corresponding value of settlement for the case with maximum
landfill height of El 198 ft was estimated at less than two inches. The supporting calculations
along with the references are included in Appendix D-6.

Long Term Settlement

The long term settlement analyses for the clayey sand layer of Stratum 3 (Bone Valley
Formation) were performed using one-dimensional consolidation theory (see Appendix D-6).
For these analyses, the compression index was estimated using the relationship given by
Terzaghi and Peck (1967). Based on the recommendations presented in Section 4.3.1, the fill
sand layer of Stratum 1 is not likely to have significant settlement. Therefore, the long term
settlements were calculated for the Stratum 2 and Stratum 3 only. The liquid limits 35 and 39 .
percent were used for the analyses of Strata 2 -and 3, respectively. The void ratio was calculated
at approximately 1.01 and 1.09 for the Strata 2 and 3, respectively. The maximum consolidation
settlement at the center of the SCEA was estimated to be less than 29 inches for the final case

with top of the SCEA reaching El 307 ft. The supporting calculations along with the references
are included in Appendix D-6.

Total and Differential Settlements

The total maximum settlement at the center of the SCEA is expected to be approximately 32
inches. As discussed earlier, the maximum differential settlement was assumed to be equal to the
estimated total settlement value over the horizontal distance between the top and toe of the side
slope. Based on the design consideration provided by SCS Engineers, the distances between the
top and toe of the side slopes for the final case is 500 ft. This condition results in maximum
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Q angular distortion (= 32 inches / 500 ft) of 0.5 percent for the case with final height reaching El
307 ft. The calculations along with the references are included in Appendix D-6. Based on the
methodology in Murphy and Gilbert (1985), these angular distortions will result in less than 0.1

percent tensile strain in the geomembranes within the liner system. This strain is well below the

allowable of 5 to 10 percent. Therefore, the estimated maximum differential settlement of the

foundation soils at the proposed SCEA, after waste clay removal and fill sand replacement, will
not affect performance of the liner system.
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o 5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

1. The stratigraphy beneath the Southeast County Facility, in descending order, consists of the
unconsolidated and undifferential deposits of the Recent, Holocene, Pleistocene, and
Pliocene series; followed by the Hawthorn Group; the Suwannee Limestone of the Oligocene
series; the Ocala Limestone, Avon Park Formation, the Oldsmar Formation of the Eocene
series; and the Cedar Keys Formation of the Paleocene series. Three aquifer systems are

present within these above formations. They are, in descending order, the surficial,
intermediate and Floridan aquifers.

2. The surficial aquifer is most vulnerable to pollutants that may be present at the land surface
due to its general lack of confinement above. The sand portion of the unconsolidated
deposits contains the surficial aquifer, which is an unconfined water table aquifer. Use of the
surficial aquifer is limited due to its low yield. Water table elevations ranged from 121 to
110 feet NGVD across the proposed SCEA on 6/13/97 and from 124 to 112 feet NGVD on
8/18/97. Flow is primarily towards the west and northwest at an estimated gradient of
approximately 0.004 feet per foot. The average horizontal hydraulic conductivity of Stratum

2 was estimated to be 1.34 ft./day and the average flow velocity was calculated to be 0.025
ft/day.

O - 3. The Hawthorn Formation varies in thickness from 75 to 100 feet at the Southeast County
Facility. Isolated permeable beds within the Hawthorn Group form the intermediate aquifer.
It yields low to moderately high quantities of groundwater due to its variable transmissivity
and discontinuous nature. The Hawthorn Formation overall is considered a confining unit for
the underlying Upper Floridan aquifer, and a significant (about 45-foot) head difference
exists between the two aquifer units. The potentiometric surface of the intermediate aquifer
at the Southeast County Facility ranged from elevation 70 - 75 feet NGVD during 1996.
Flow direction, at the Southeast County Facility, is just north of west.

4. The Upper Floridan aquifer is by far the most utilized aquifer throughout central Florida due
to its high quality and yield. The potentiometric surface of the Upper Floridan aquifer at the
Southeast County Facility ranged from elevation 20 to 35 feet NGVD during 1996. The
Upper Floridan Aquifer flow direction in the Southeast County Facility is towards the west.

5. The results of the field exploration and laboratory testing program are used to describe
shallow depth stratigraphy at the proposed SCEA. The shallow-depth stratigraphy has been
generalized into four strata at the proposed SCEA. Stratum 1 materials consists of 5 to 17
feet of sand tailings and phosphate waste clay found at the ground surface which are a result
of phosphate mining activities. Stratum 2 material consists of silty sand deposits ranging in.
thickness from about 12 - 20 feet at the proposed SCEA. Stratum 3 soils primarily consists
of 11 - 22 feet thick deposits of clayey sand (Bone Valley Formation) that conformably
underlie Stratum 2. Stratum 4 consists of clayey sand with silt and phosphate (Hawthorn

Formation). The depth of the soil borings was limited to 5 - 10 feet of penetration into this
stratum. ‘
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10.

11.

12.

5.2

. The Southeast County Facility lies within the Alafia River Basin which eventually drains into

Tampa Bay. Historical drainage patterns have been altered by past phosphate mining
activities. Surface drainage is now controlled by berms, ditches and structures which channel
runoff to stormwater detention/filtration basins that exist along the perimeter of the Southeast
County Facility. Drainage generally exits the Southeast County Facility through a stream

along the western boundary off the property to Long Flat Creek, a tributary of the Alafia
River.

No potable supply wells exist within 500 feet of the proposed SCEA perimeter.

Based on the information contained in this report, the proposed SCEA Facility is located in
an area with a low probability of sinkhole occurrence.

The Hawthorn Formation (Stratum 4) was considered a rigid base for all foundation analyses
for this study. '

Based on the bearing capacity analyses presented in Section 4.3.3, the phosphatic clay
underneath the proposed Section 1 expansion area should be completely removed and
replaced by compacted sand and/or sand tailings without the waste clay and with fines

contents no more than five percent. This is necessary in order to achleve a factor of safety
greater than 1.5.

The design side slope of 3:1 (horizontal to vertical) for the proposed SCEA as presented in
Figures 15 and 16 is considered safe with a minimum factor of safety greater than 1.5.

Based on the preliminary hydrogeological and geotechnical analysis and the following
recommendations, the proposed SCEA is suitable for development of landfill facilities to
dispose of municipal solid waste.

Recommendations

1.

Review of the hydrologic data associated with this evaluation indicate natural water levels
very close (within 2 feet) of the proposed base of the bottom liner system. Because the
period of record and frequency of measurements is not comprehensive, it is recommended
that the County continue monitoring the network of piezometers listed in Table 3 to obtain
additional high water table data during wet periods. Depending upon the results of that new.
information modifications may be warranted during final design. The additional water level
monitoring should be performed during the first week of September at locations P-2D, P-4D,
P-6D, TH-30, TH-32, TH-35, TH-36, TH-38, TH-56, TH-22 and TH-28 and continuously

(using strip charts) at locations TH-32 and P-1D. Staff gages S6-3C2, 3B2B and SMITH
LAKE should also be recorded ‘ :

It is recommended that the phosphatic clay underneath the proposed SCEA be completely
removed and replaced with compacted sand fill and/or sand tailings without the waste clay
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b and with fines contents no more than five percent. This will constitute the new Stratum 1
immediately below the landfill area.
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TABLE 1

PIEZOMETER CONSTRUCTION DETAILS

: P-1S* ' 4/24/97 2.00 3 129.85 3.48 - 6.48 6.48
. P-1D** 4/24/97 2.00 5 129.45 12.54 - 17.54 17.54
P-25* 4/24/97 2.00 S 138.82 5.10-10.10 10.10.
p-2D ** 4/25/97 ' 2.00 5 138.73 | 23.54 - 28.54 28.54
P-3§* 4/25/97 2.00 5 143.20 4.44 -9.44 9.44
P - 3D ** 4/29/97 2.00 S 143.19 18.08 - 23.08 23.08
P-4S* 4/25/97 2.00 5 141.98 5.36 - 10.36 10.36
P - 4D ** 4/25/97 2.00 5 - 141.80 23.34-2834 | 28.34
P-5S* 4/29/97 2.00 5 156.84 22.80 - 27.80 27.80
P-6D** 5/1/97 : 2.00 5 159.10 43.20 - 48.20 48.20

* Perched water table piezometer
* \\ater table piezometer



Major
Stratigraphic lithologic Hydrogeologic
System Series unit General lithology unit unit
Quaternary |Holocene and surficial sand, Predominantly fine sand; Sand
Pleistocene terrace sand, interbedded clay, marl, surficial aquifer
. phosphorite shell, phosphorite -
Pliocene
H Clayey and pebbly sand;
‘a |Peace River clay, marl, shell, phos- Clastic Confining bed
w Fermation phatic.
t .
h INTERMEDIATE
Tertiary Miocene o) Dolomite, sand, clay, and AQUIFER
r limestone; silty, Carbonate ~ AND
n Arcadia phosphatic. and clas- Aquifer CONFINING
Formation tic BEDS
G
r ‘|Limestone, sandy, phos-
fe) phatic, fossiliferous;
u Tampa |sand-and clay in lower e
P Member |part in scme areas confining bed
Oligocene Suwannee Lime- Limestone, sandy limestone, FLORIDAN
stone fossiliferous : Suwannee AQUIFER
- zone SYSTEM
Eocene Ocala - Limestone, chalky, fora-
Limestone miniferal, dolomitic Upper Floridan
near bottom. Carbonate aquifer
Avon Park Limestone and hard brown Avon Park
Formation dolomite; intergranular zone
evaporite in lower part
in some areas. Middle confining
unit
: Oldsmar Dolomite and limestone, Carbonate
i Formation with intergranular Lower Floridan
gypsum in most areas. with aquifer
Paleocene Cedar Keys’ Dolomite and limestone evaporites Lower confining
Formation with beds of anhydrite. unit

| Source: modified from Wilson and Gerhart, 1982;

Ryder;”19BS; Scott, 1988; and Swancar and Hutchinsen, 1992.

TABLE
2

‘V Hydrogeologic Fr:i'mewoik

of the Study Area

BFA Environmental Consultants

Barnas, Ferland and Assoclates, Inc.




TA

3

WATER LEVEL MEASUREMENTS

P-1§ 6.48 129.85 Dry Dry Dry Dry Dry Dry
P-1D 17.54 129.45 7.94 121.51 8.06 121.39 7.90 121.55 8.14 121.31 5.36 124.09
P-2S 10.10 138.82 7.56 131.26 7.70 131.12 7.56 131.26 7.74 131.08 6.71 132.11
P-2D 28.54 138.73 18.14 120.59 18.32 120.41 18.42 120.31 18.60 120.13 16.89 121 .84_
P-3S 9.44 143.20 798 135.22 7.84 135.36 7.74 135.46 8.00 135.20 6.29 13691
P-3D 23.08 143.19 22.08 121.11 22.00 121.19 22.02 121.17 22.04 121.15 19.58 123.61
P-4S 1036 141.98 8.22 133.76 8.68 133.90 7.94 134.04 8.06 133.92 4.67 137.31
P-4D 28.34 141.80 22.98 118.82 22.90 118.90 22.88 118.92 22.88 118.92 21.78 120.02
P-5§ 27.80 156.84 27.64 129.20 Dry Dry Dry Dry Dry Dry 21.03 135.81
P-6D ‘ 48.20 159.10 37.40 121.70 37.52 121.58 37.54 121.56 37.60 121.50 34.90 124.20
TH- 30 37.12 128.37 NR NR 24.20 104.17 2414 104.23 24.14 104.23 23.90 104.47
TH - 32 26.50 129.25 NR NR .15.54 113.71 15.42 113.83 15.54 113.71 14.12 115.13
TH-35 42.90 145.19 NR NR 28.20 11699 28.14 117.05 28.32 116.87 27.35 117.84
TH-36 49.32 152.70 NR . NR 32.38 120.32 32.36 120.34 32.48 120.22 31.65 121.05
TH-38 13.10 131.20 NR NR 10.24 120.96 10.14 121.06 10.30 120.90 8.62 122.58
TH - 56 20.00 131.69 NR NR NR . NR NR NR NR NR 1427 117.42
TH-28 30.00 130.60 NR NR NR NR NR NR NR NR 26.20 104.40
TH-22 25.00 128.82 NR NR NR NR NR NR NR NR 4.65 124.82
NR - No Reading
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Southeast Landfill: Southwest Section
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Figu're 17A - Circular Arc Analysis with Phosphatic Waste Clay in Stratum I




Southeast Landfill: Southwest Section
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Figure 17B - Sliding Block Analysis with Phosphatic.Waste Clay in Stratum I




Southeast Landfill: Southwest Section

500 SURFACES HAVE BEEN GENERATED
10 MOST CRITICAL OF SURFACES GENERATED
MINIMUM FACTOR OF SAFETY = 2.847

Y—=AXIS

| 1 T 1
0 143. 286. 429. 572. 715. 858. 1001. 1144,

X—=AXIS

Figure 18A - Circular Arc Analysis with Replaced Fill Sand in Stratum I
(Deep Failures)




Southeast Landfill: Southwest Section
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- Figure 18B - Cifcular Arc Analysis with Replaced Fill Sand in Stratum I
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Southeast Landfill: Southwest Section
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Figure 19A - Sliding'Block Analysis‘with Replaced Fill Sand in Stratum I

(Deep Failures)




Southeast Landfill: Southwest Section
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Figure 19B - Sliding Block Analysis with Replaced Fill Sand in Stratum I
(Shallow Failures)
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Figure 20A - Circular Arc Analysis With Replaced Fill Sand in Stratum I
(Deep Failures)




Southeast Landfill: Southeast Section
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Figure 20B - Circulai‘ Arc Analysis with Replaced Fill Sand in Stratum I
(Shallow Failures) .




Southeast Landfill: Southeast Section
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Figure 21A - Sliding Block Analysis‘wi'th Replaced Fill Sand in Stratum I
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Southeast Landfill: Southeast Section
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Figure 21B - Sliding Block Analysis with Replaced Fill Sand in Stratum I
(Shallow Failures)
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Figure 22 - S.ability Analysis for Final Cover System
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Ardaman & Associates, Inc.

Centechnical, Envirgnmenia! anc
Materials Consuiiants June 25, 1997
File Number 97-9628

Hillsborough County
Solid Waste Department
P.O. Box 1110

Tampa, Florida 33601

Attention: Mr. John W. Johnson

Subject: Geotechnical Services, Proposed Section 1 Landfill Expansion, Hillsborough County _

Southeast Landfill, Picnic, Florida

Dear Mr. Johnson:

As authorized, Ardaman & Associates, Inc. has completed geotechnical services related to the

proposed Section 1 Expansion of the Southeast Landfili, Hillsborough County, Florida

The scope of our services consisted of providing geotechnical field and laboratory support services ‘

for use by the project design consultants, SCS Engineers and BFA, Inc. More specifically, the
services consisted of the following: ' ’

Met with County representatives and consuitant representatives to generally scope site
access.

Performed eight (8) Standard Penetration Test (SPT) borings at locations selected by BFA,
Inc.

Collected 19 "undisturbed" Shelby tube samples.

Performed thirteen (13) Cone Penetration Test Soundings (CPT) with pore pressure
dissipation at locations selected by BFA, Inc.

Installed ten (10) shallow and deep piezometers at locations selected by BFA, Inc. to
monitor groundwater fluctuations.

Performed index and classification testing of soils as directed by BFA, Inc. consisting of

natural moisture content, grain size distribution, percent finer than =200 Sieve, Atterberg
limits, organic content, and cation exchange. :

Performed strength 'testing_ of selected 'undisturbed' samples as directed by BFA, Inc. which

foobasig, Tanpa, Flords 33619 Phone (813) €20- 3269 FAX 18157 628- 2008
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June 25, 1997

included seven (7) consolidated, undrained triaxial compression tests and three (3)
unconfined compression tests.

° Performed four (4) permeability tests on "undisturbed" samples as directed by BFA, Inc.

SITE LOCATION AND DESCRIPTION

The site is located in an unfilled portion of the landfill. A general site location is presented in Figure

1. The site elevations vary from about +125 ft. NGVD to +145 ft. NGVD.

FIELD EXPLORATION AND FINDINGS

Standard Penetration Test Borings (SPT)

A total of eight (8) SPT borings wére advanced at the locations noted on Figure 1. The boring
locations .and depths were selected by BFA, Inc. field personnel. Boring depths varied from 37 feet
to 58.8 feet below existing grade. The soils encountered in the borings are depicted on the Boring
Profiles, Figures 2 and 3. The borings generally found 5 to 30 feet of fill materials consisting of
sands, tailing sands, and waste phosphatic clays above native sands and clayey sands. The fill
soils were generally very loose to loose. The underlying native granular soils were very loose to
near refusal, hoWever, the density of these materials did not increase linearly with depth but was

somewhat random due to intermittent cementation.

We refer the reader to the boring profiles (Figures 2 and 3) for specific descriptions and blow count
information as well as groundwater level readings at each boring location. Soil stratigraphy at

locations other than these eight (8) borings would be expected to differ from that disclosed by the
borings.
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Cone Penetration Test Soundings

A total of thirteen (13) Cone Penetration Test Soundings (CPT) were performed at locations
directed by BFA, Inc. The depths of the CPT borings varied from 13 feet to 31 feet below present
site grades. The CPT results are presented in Figures 4 and 16. During the CPT testing, pore
pressure distribution readings were obtained through the use of a piezocone tip in place of the
standard cone tip. The piezocone monitors pore pressure dissipation by transducer. In this way,
the piezometric water level in the soil stratum can be estimated. The data can be used to gain
insight into the state of conéolidation of fine-grained deposits, permeability characteristics of a soil

stratum and presence of water-bearing zones within the subsurface. The pore préssure dissipation
results are presented in Figures 17 through 42.

Piezometer Installation

A total of ten (10) piezometers were installed at locations and to depths selected by BFA, Inc. The
depths of piezometers varied from 4 feet to 45 feet below land surface. The piezometers are
constructed of 2 inch diameter PVC pipe with protective casings. The piezometer well installation

records and completion reports are presented in Appendix D.
LABORATORY TESTING

Laboratory testing requested was related to index and classification tests on SPT jar samples as
well as strength and permeability testing of 'undisturbed' Shelby tube samples. The index and
classification tests were performed in our Tampa laboratory while the undisturbed samples were
tested in our Orlando Corporate laboratory. The index and classification test results are
summarized in Table 1, Appendix E. The laboratory testing performed on ‘undisturbed’ samples
was reported directly to the project geotechnical consultant, Remedial Engineering .and Science,

inc. Itis reproduced herein and presented in Appendix F. .
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CLOSURE

The information presented herein is for the exclusive use of Hillsborough County Solid Waste
Department and their project consultants for the design and permitting of the proposed
expansion of Section 1, Hillsborough County Southeast Landfill. The field and laboratory data
presented is only applicable to the locations where the data was obtained. Any interpretation of
soil stratigraphy or properties between SPT or CPT is at the discretion of the County and their

consultants. Ardaman & Associates, Inc. is not responsible for such interpretations.

The recovered soil samples will be retained for a period of 90 days following completion of this
report and then discarded unless otherwise directed by Hillsborough County Solid Waste

Department.

It has been a pleasure assisting you with this phase of your project. If there are any questions

or when we may be of further assistance, please contact the undersigned at (813) 620-3389.

Respectfully,
ARDAMAN & ASSOCIATES INC

ey
WaynePandorf, ThHomas J. Leto, P.E.

Branch Manager Principal

Florida Registration No. 30254 Florida Registration No. 12458
TIJUWP:It

Enclosure

Sse#5\97-9628\report wpd

BYEF & Ardaman & Associates, inc.
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Appendix A
- Geotechnical Explorations

~ And Laboratory Testing Results |
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