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SCS Engineers

3012 US Highway 301 North
Suite 700

Tampa, FL 33619

Attention:  Mr. Larry E. Ruiz

Subject: Geotechnical Study Associated with Annual Monitoring of Phosphatic Clay Liner
Beneath the Southeast Landfill in Hillsborough County

Gentlemen:

As requested by SCS Engineers (SCS), Ardaman & Associates, Inc., (Ardaman) has completed
a geotechnical study associated with annual monitoring of the phesphatic clay liner beneath the
Southeast Landfill in Hillsborough County. The annual monitoring program was mandated by the
Florida Department of Environmenta! Protection (FDEP) under Specific Condition No. 16f of the
Landfill Operation Permit No. 35435-006-SO issued on June 25, 2002. The program requires
performance of piezocone soundings and measurements of pore water pressures in the vicinity
of the following four test sites where a number of piezocone soundings and pore pressure
measurements had previously been performed by Ardaman and Madrid Engineering Group, Inc,,
(Madrid) in 2001/2002: (i) PC-1B in the Phase | area; (ij) PC-4B/PC-4C in the Phase IV area; (ii))
PC-3/PC-3B in the Phase Hll area; and (iv) PC-1F in the Phase | area. Specifically, the permit
condition requires documentation and interpretation of the following data:

® Piezometric elevations on top of the phosphatic clay.

L Elevations at the top and bottom of the phosphatic clay.

® Pore water pressures near the top, middle, and bottom of the phosphatic clay.
® Piezometric elevations in the natural soils below the phosphatic clay.

This report documents the results from the piezocone soundings and pore pressure
measurements, and presents our interpretation of the field testing data. The field work and testing
were undertaken by Ardaman in February and March of 2003.

Site Location

The Southeast Landfill is located within Sections 14, 15, 22, and 23 of Township 31 South, Range
21 East, in Hilisborough County, Florida. More specifically, the landfill site is located between
Picnic and Pinecrest, about 2 miles west of State Road 39 and about 0.5 miles north of County
Road 672. The approximate site location, as superimposed on a reproduction of the United States
Geological Survey (USGS) quadrangle map of Lithia, Florida (1955, photorevised 1987), is shown
in Figure 1.
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Proiect History

The Southeast Landfill is constructed directly above a waste clay setlling area at a former
phosphate mine known as Lonesome Phosphate Mine or Boyette Mine. The settling area, also
known as Settling Area No. 1, was built on natural ground within a perimeter dike constructed of
sand borrowed from surrounding areas. Waste phosphatic clay was deposited within the settling
area for a number of years during the mining operation.

A comprehensive geotechnical study was conducted by Ardaman between 1981 and 1983 to
characterize the phosphatic clay deposit and to evaluate the feasibility of constructing a landfill
within the waste clay settling area. Results from that study were documented in an Ardaman
report titlied "Hydrogeological Investigation, Southeast County Landfill, Hilisborough County,
Florida", dated February 22, 1983. Based on the data and analyses documented in that report,
Ardaman concluded that a landfill could be constructed directly on top of the phosphatic clay.
However, to maintain an adequate factor of safety against slope failure, the waste disposal area
was divided into different phases, and each phase had to be filled in lifts such that filling above
a previous lift would occur only when the underlying phosphatic clay had consolidated under the
weight of the previous refuse lift and experienced sufficient increase in shear strength to support
any additional load. In areas where the clay thickness was greater than 14 feet, it was
recommended that the clay should be pre-loaded prior to placement of the first lift of refuse. A
diagram that shows the original thickness of the phosphatic clay within the settling area, as
reproduced from the 1983 Ardaman report, is shown in Figure 2. As shown, the phosphatic clay
deposit had an original thickness that varied between 4 and 18 feet.

Another comprehensive geotechnical study was completed by Ardaman in 1994 in association
with operation permit renewal for the Southeast Landfill. Results from that study were
documented in an Ardaman report titted “Geotechnical Investigation at Southeast Landfill,
Hillsborough County, Florida”, dated March 7, 1994. The strength and consolidation properties
of the phosphatic clay obtained from that study were in good agreement with those used in the
original stability analyses and affirmed the recommended filling schedule.

in support of the last operation permit renewal application in 2002, SCS retained Madrid and
Ardaman to perform supplemental studies to confirm the engineering properties of the phosphatic
clay, and to determine whether the material had been consolidating and gaining strength as
predicted and whether the 7-year waiting period for placements of successive refuse lifts in the
landfili should be modified. Resuits from the latest study were presented in an Ardaman report
titled “Geotechnical Study Associated with Operation Permit Renewal for Hillsborough County
Southeast Landfili”, dated March 4, 2002.

The original geotechnical investigation completed in 1983 and the follow-up studies completed
in 1994 and 2002 recommended that each lift of refuse should have a thickness no greater than
20 feet and that a minimum waiting period of 7 years should be provided between placements of
successive refuse lifts. These requirements were derived based on stability analyses using an
undrained shear strength to effective vertical stress ratio of 0.21 and a coefficient of consolidation
of 1.5x10" cm?sec for the waste phosphatic clay. The undrained shear strength to effective
vertical stress ratio determines the magnitude of strength increase in the phosphatic clay, whereas
the coefficient of consolidation governs the rate of strength increase.
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Field Test Program

Current operation at the Southeast Landfill divides the waste disposal area into six phases
designated Phases | through VI, as shown on a topographic site plan in Figure 3. The topographic
site plan was generated from survey data obtained on January 10, 2001.

As part of our scope of work for the annual monitoring program stipulated in Specific Condition
No. 16f of the FDEP Permit No. 35435-006-S0 issued on June 25, 2002, Ardaman performed
piezocone soundings and pore water pressure measurements in the vicinity of the following four
test sites where a number of field tests and measurements had previously been performed by
Madrid and Ardaman in 2001/2002: (i) PC-1B in the Phase | area; (ii) PC-4B/PC-4C in the Phase
IV area; (ifi) PC-3/PC-3B in the Phase IlI area; and (iv) PC-1F in the Phase | area. Specifically,
the permit condition requires documentation and interpretation of the following data:

® Piezometric elevations on top of the phosphatic clay.

@ Elevations at the top and bottom of the phosphatic clay.

L Pore water pressures near the top, middle, and bottom of the phosphatic clay.
° Piezometric elevations in the natural soils below the phosphatic clay.

Four test sites, designated PC-1G, PC-1H, PC-3C, and PC-4D, were selected by SCS for
performance of piezocone soundings and installation of piezoprobes. The approximate locations
of these test sites are shown in Figure 3 along with the test site locations selected in the
2001/2002 studies performed by Madrid and Ardaman. An additional piezocone sounding,
designated PC-1GA, was performed 7 feet east of PC-1G to confirm the piezocone sounding
results at PC-1G. As shown in Figure 3, two of the four test sites were located in the Phase | area,
one test site was located within the Phase lil area, and the remaining test site was located within
the Phase IV area. PC-1G and PC-1GA were located in close proximity to the previous PC-1 and
PC-1F test site locations, and PC-1H was selected adjacent to the previous PC-1B test site
location. PC-3C was located near the previous PC-3 and PC-3B test site locations. PC-4D was
selected at a location between the previous PC-4B and PC-4C locations. - The field work and
testing were undertaken by Ardaman in February and March of 2003.

The surveyed coordinates and ground surface elevations at the current test site ocations, as
provided by Heidt & Associates, Inc., are summarized in Table 1. The elevations were surveyed
using both the NGVD28 and NGVD88 datums. Although Hillsborough County currently uses the
NGVDS88 datum for elevation data, we understand that the elevation data used in the previous
geotechnical studies were based on the NGVD29 datum. To be consistent, the surveyed
elevations based on the NGVD29 datum are used for interpretation of the current field data.

Piezocone Penetration Tests

The piezocone consists of a conical point attached to a steel rod and a friction sleeve. The test
is performed by pushing the assembly into the soil at a constant rate of penetration. Resistance
to penetration at the cone tip and on the friction sleeve are measured by load cells placed within
the assembly, and the pore pressure in the soil is measured using a pressure transducer




SCS Engineers
Hillsborough County Southeast Landfill
File Number 03-018 -4-

connected to the porous element placed near the cone tip. Prior to pushing of the piezocone
through the waste phosphatic clay, a hollow stem auger was used to create a borehole through
the refuse.

Results of the five piezocone penetration tests (i.e., PC-1G, PC-1GA, PC-1H, PC-3C, and PC-4D)
performed by Ardaman at the four test site locations are presented in Figures 4 through 8,
respectively. As shown in the figures, results are presented in the form of tip resistance (i.e., the
resistance to penetration at the cone tip), sleeve resistance (i.e., the resistance to penetration of
the friction sleeve), pore pressure (i.e., the total pore water pressure including the pore pressure
generated due to penetration of the cone), friction ratio (i.e., the ratio of sleeve resistance to tip
resistance), soil type (i.e., soil classification), and approximate standard penetration test blow
count values (i.e., SPT N values) versus depth.

Since sandy soils typically exist above and below the phosphatic clay, the depth and thickness of
the phosphatic clay layer could be inferred by examining the variations of tip resistance and pore
pressure with depth. The tip resistance and the pore pressure in a clayey soil are expected to be
lower and higher, respectively, than those in a sandy soil. Higher friction ratios are generally
indicative of clayey soil types, whereas lower ratios generally indicate the presence of silty and
sandy soils. Sudden changes in tip resistance, pore pressure, and friction ratio are expected to
occur at the interface between the sand tailings (i.e., the drainage sand layer) and the underlying
phosphatic clay as well as the interface between the phosphatic clay and the underiying natural
sandy soils.

Thickness of Refuse

Based on results of the auger borings and piezocone soundings performed by Ardaman, the
thicknesses of the refuse at the test site locations varied from approximately 35 to 50 feet. The
refuse at the PC-3C test site in the Phase Il area had 3 thickness of approximately 35 feet. The
refuse at the PC-1G/PC-1GA and PC-1H test sites in the Phase | area had an estimated thickness
of 50 to 55 feet, and that at the PC-4D test site in the Phase |V area had a thickness of slightly
greater than 50 feet.

The refuse thicknesses near the PC-1G/PC-1GA and PC-3C test site locations have remained
approximately the same since 2001/2002. The refuse thickness near the PC-1H test site location
appears to have increased by approximately 8 feet, and that near the PC-4D test site location has
increased by close to 25 feet.

Filling Schedule

According to SCS, filling of the Phase | area occurred from May 1995 through August 1997, and
filling of the Phase lil area began in December 1990 and ended in June 1994. Filling in the
Phase 4 area was completed as recently as March 2003.

Elevations and Thicknesses of Phosphatic Clay

Prior to landfill construction, the surface of the waste phosphatic clay within the former settling
area was documented to have typical elevations in the range of +121 to +123 feet (NGVD). The
bottom of the phosphatic clay reportedly occurred at typical elevations ranging from +103 to +117
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feet (NGVD). As indicated previously, the original thickness of the phosphatic clay ranged from
4 to 18 feet.

Based on results of the piezocone penetration tests, the top and bottom elevations of the waste
phosphatic clay as well as the phosphatic clay thickness encountered at the four test sites are
summarized in Table 2. As shown, the top elevations of the phosphatic clay ranged from a low
of +109.6 feet (NGVD) at PC-1H to a high of +119.1 feet (NGVD) at PC-3C. The bottom
elevations of the phosphatic clay layer ranged from a low of +102.5 feet (NGVD) at PC-4D to a
high of +113.1 feet (NGVD) at PC-1GA.

At the location of PC-1G, the top elevation of the phosphatic clay was at slightly above +116
(NGVD), and the bottom elevation was at approximately +113 feet (NGVD), for a clay thickness
of slightly greater than 3 feet. The contour map in Figure 2 shows a phosphatic clay thickness of
approximately 10 feet in the general area of PC-1G prior to landfill construction. Based on the
piezocone sounding performed at the nearby PC-1 in the early part of 2001, Madrid reported top
and bottom elevations of +116.5 and +105.5 feet (NGVD), respectively, for the phosphatic clay
(i.e., for a clay thickness of 11 feet). Based on the piezocone sounding performed at the nearby
PC-1F by Ardaman in the early part of 2002, the phosphatic clay was encountered at a top
elevation of +117.5 feet (NGVD). The piezocone sounding at PC-1F did not penetrate through
the phosphatic clay and, thus, the clay thickness could not be determined.

Although the top elevation of the phosphatic clay documented at PC-1G is in general agreement
with previous results, the phosphatic clay deposit documented from the current piezocone
sounding was significantly thinner. Accordingly, Ardaman performed another piezocone sounding
at an adjacent test site, designated PC-1GA, located at approximately 7 feet east of PC-1G. At
this location, the top and bottom elevations of the phosphatic clay were documented at +116.2
and +113.1 feet (NGVD) and the phosphatic clay thickness was computed to be 3.1 feet, which
corroborate the results obtained from PC-1G. The 7 to 8 feet of material directly below the
phosphatic clay had slightly higher tip resistance and allowed much more rapid dissipation of
excess pore water pressure generated from advancement of the piezocone. This test site may
be located within a portion of the settling area where pockets of sand tailings and phosphatic clay
mixture exist.

Based on the piezocone sounding performed at PC-1H, the phosphatic clay had top and bottom
elevations of +109.6 and +103.3 feet (NGVD), for a phosphatic clay thickness of 6.3 feet. These
data are very consistent with the piezocone sounding data obtained at PC-1B by Ardaman in the
later part of 2001, which showed top and bottom elevations of +110.0 and +103.5 feet (NGVD),
respectively, and a thickness of 6.5 feet for the phosphatic clay layer.

The piezocone sounding performed at the location of PC-3C revealed the top elevation of the
phosphatic clay at +119.1 feet (NGVD) and the bottom elevation at +111.1 feet (NGVD), for a clay
thickness of 8.0 feet. PC-3C is located near PC-3 that was investigated by Madrid in the early
part of 2001 and PC-3B that was investigated by Ardaman in the early part of 2002. At PC-3,
Madrid reported top and bottom elevations of +119.5 and +110.5 feet (NGVD) and a thickness of
9.0 feet for the phosphatic clay. At PC-3B that was terminated at the top of the phosphatic clay,
Ardaman encountered the phosphatic clay at a top elevation of +119.4 feet (NGVD). Accordingly,
the current data are consistent with previous resuits.
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Based on the piezocone sounding performed at PC-4D, the top and bottom elevations of the
phosphatic clay were documented at +112.8 and +102.5 feet (NGVD), for a clay thickness of 10.3
feet. As shown in Figure 3, PC-4D is located between PC-4B and PC-4C that were investigated
by Ardaman in the early part of 2002. The piezocone soundings at both PC-4B and PC-4C were
terminated at the top of the phosphatic clay layer, which occurred at elevations of +113.8 and
+114.8 feet (NGVD), respectively. The slightly lower top elevation was probably a resuit of
settlement of the phosphatic clay from landfill loading in the Phase IV area.

Piezometric Elevations on Top of Phosphatic Clay

The piezometric elevations on top of the phosphatic clay could be inferred from the piezocone
penetration test results. As the piezocone was pushed through the drainage sand layer on top
of the phosphatic clay, it was held stationary at selected depths and the excess pore water
pressure generated as a result of pushing of the piezocone was allowed to stabilize. Because of
the relatively high permeability of the sand, the excess pore pressure dissipated in a very short
duration. The pore pressures were monitored for several minutes to make sure that the final
readings represented the stabilized pore pressures at those depths.

Based on the piezocone soundings performed at the four test sites, the piezometric elevations and
heads on top of the phosphatic clay are summarized in Table 3 and are further displayed in Figure
9. Piezometiic heads documented from previous studies are also shown on the same figure for
comparison.

Results of piezocone soundings performed by Ardaman for this annual monitoring program
indicated that the piezometric heads at the four test site locations ranged from 0 to 7 feet with an
average piezometric head of approximately 4 feet on top of the phosphatic clay. Based on the
current data, the piezometric heads were greatest in the Phase | area (5.2 feet at PC-1G and 7.0
feet at PC-1H). The piezometric level was 3.7 feet at PC-3C in the northeastern part of the Phase
Il area. No piezometric head on top of the phosphatic clay was documented at PC-4D in the
Phase IV area.

In comparison to the previous data, the piezometric head on top of the phosphatic clay has
decreased slightly in the eastern part of the Phase | area, but has increased by 2.5 feet in the
western part. The piezometric heads in the Phase lll and IV areas are much lower than previous
readings. The piezometric heads on top of the phosphatic clay are expected to vary, depending
on rainfall and other factors. :

Piezometric Elevations Below Phosphatic Clay

Based on the piezocone sounding results, the piezometric elevations in the natural soils below the
phosphatic clay are summarized in Table 4. As shown, the piezometric elevations in the natural
soils varied from approximately +118 at PC-1H, PC-3C, and PC-4D to approximately +123 feet
(NGVD) at PC-1GA. Based on these elevations, it appears that groundwater flow beneath the
Southeast Landfill was in the northwesterly direction.
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Piezonrobe Tests Within Phosphatic Clay

The piezoprobe tests were performed by installing piezoprobes to pre-selected depths and holding
them stationary until the excess pore pressure generated from probe penetration completely
dissipated, and the measured pore pressure reached the actual pore pressure before probe
penetration.

The dissipation of excess pore pressures generated due to probe penetrations are presented in
Figures 10 to 13 in the form of normalized excess pore pressure (i.e., the ratio of excess pore
water pressure at any time to the initial excess pore water pressure immediately after piezoprobe
penetration) versus time. As shown in the figures, all pore pressures reached equilibrium
conditions at the end of the monitoring periods. The rate of dissipation of excess pore pressure
generated by probe penetration can be used to estimate the /n situ coefficient of consolidation of
the phosphatic clay.

At the locations of PC-3C and PC-4D with approximately 8 and 10 feet of phosphatic clay,
respectively, piezoprobe tests were performed at three different depths to measure the pore
pressures near the top, middle, and bottom of the phosphatic clay layer. Because of the limited
phosphatic clay thickness, one piezoprobe was installed at each of the PC-1H and PC-1G test
sites. Results from the piezoprobe tests are summarized in Table 5.

At the location of PC-1GA, one piezoprobe test was performed at the piezoprobe tip elevation of
+115.7 feet (NGVD). The piezometric elevation at that depth was +125.7 feet (NGVD), and the
excess pore pressure was computed to be approximately 4 feet of water. At the location of PC-
1H, the piezomelric elevation at the piezoprobe tip elevation of +106.1 feet (NGVD) was
documented to be +127.1 feet (NGVD), and the excess pore water pressure was computed to be
approximately 10 feet. At the location of PC-3C, three piezoprobe test were performed at
piezoprobe tip elevations of +118.1, +115.1 and +112.6 feet (NGVD). The excess pore pressure
in the phosphatic clay at this test site location was computed to be approximately 3 feet of water.
At the location of PC-4D, the piezoprobe tests were performed with tip elevations at +111.2,
+107.9 and 103.6 feet (NGVD). The excess pore pressures were equivalent to approximately 30
feet of water near the upper and middle portions of the phosphatic clay layer, and approximately
11 feet of water near the bottom of the phosphatic clay.

Considering an average total unit weight of 80 Ibs/ft® for the refuse and daily covers, the initial
excess pore water pressure generated from a 20-foot thick lift of refuse was computed to be
approximately 26 feet. Therefore, it appears that the excess pore water pressures generated from
landfill loading in the Phase Ill area and the eastern part of the Phase | area have substantially
dissipated. However, some excess pore water pressure remains in the western portion of the
Phase | area, and dissipation of excess pore water pressure in the Phase 1V area does not appear
to have begun. These observations are generally consistent with the filling schedule. As indicated
previously, filling of the Phase | area occurred from May 1995 through August 1997, and filling
of the Phase H| area began in December 1990 and ended in June 1894, Filling in the Phase 4
area was completed as recently as March 2003.

Based on the rates of excess pore pressure dissipation shown in Figures 10 to 13, the piezoprobe
horizomtal coefficients of consolidation of the phosphatic clay were estimated and are presented
in Table 8. The in situ vertical coefficient of consolidation, ¢, can be estimated from the horizontal
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coefficients of consolidation obtained from the piezoprobe tests, c,, using the empirical
relationship proposed by Baligh, M. et al (ASCE Journal of Geotechnical Engineering, Voi. 112,
No. 7, July, 1986), where ¢, = 0.05 x ¢, . The average in situ vertical coefficient of consolidation
from the piezoprobe measurements is 1.2x10™ em?/sec. The filling schedule at the Southeast
Landfill was originally based on a design coefficient of consolidation of 1.5x10™* cm?/sec.
Therefore, the recommended waiting period between placement of refuse lifts remains applicable.

Comparisons of Piezometric Heads

The piezometric elevations on top of the phosphatic clay and in the natural soils below the landfill,
as documented from the piezocone soundings, are summarized in Table 7. The piezometric
heads within the phosphatic clay fayer on the dates of our field measurements are also shown on
the same table for comparison.

The piezometric head within the phosphatic clay will be highest after loading of a new refuse [ift
and wili decrease gradually as excess pore water pressure dissipates. If the piezometric head
within the phosphatic clay is higher than the piezometric head on top of the phosphatic clay, there
will be no downward migration of leachate. Once the excess pore water pressure from landfill
loading dissipates, the flow direction through the phosphatic clay will be a function of the
piezometric head difference across the phosphatic clay. If the piezometric elevation in the natural
soils below the phosphatic clay is higher than the piezometric elevation on top of the phosphatic
clay, upward flow will occur. Conversely, if the piezometric elevation in the natural soils is lower
than the piezometric elevation on top of the phosphatic clay, leachate will migrate downward, at
a rate governed by the piezometric head difference, and the hydraulic conductivity and thickness
of the phosphatic clay deposit.

~ As shown in Table 7, the existing piezometric heads within the phosphatic clay layer are higher

than the piezometric heads on top of and below the phosphatic clay at all four test site locations.
Accordingly, under existing condition, there should be no downward leachate migration or upward
groundwater flow through the phosphatic clay layer.

Once the excess pore water pressure within the phosphatic clay dissipates, there will be an
upward head of approximately 1 to 2 feet at the locations of PC-1GA and PC-1H in the Phase |
area. Accordingly, downward migration of leachate cannot occur at these test site locations.
Similarly, there will be upward flow at the location of PC-4D where no leachate was encountered
and the piezometric elevation in the natural soils below the phosphatic clay is at least at least 5.4
feet higher than the top elevation of the phosphatic clay. At PC-3C in the Phase lil area, there
would be an approximately 5-foot downward head difference between the piezometric elevation
on top of the phosphatic clay and that in the underlying natural soils after dissipation of the excess
pore water pressure. Nevertheless, downward leakage through the phosphatic clay is not
expected to be significant because there is approximately 8 feet of low-permeability phosphatic
clay at this location.

Closure

This report has been prepared for the exclusive use of SCS and the Hiilsborough County Solid
Waste Department for specific application to annual monitoring of the phosphatic clay liner at the
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Southeast Landfill in accordance with generally accepted geotechnical engineering practice. No
other warranty, expressed or implied, is made.

Ardaman appreciates the opportunity to assist you on this project. Please contact us if you have
any questions concerning this report or need additional information.

Very truly yours,
ARDAMAN & ASSOCIATES, INC.

W‘

Shawkat Ali, Ph.D., P.E.

Project En in@i

Francis K. Cheung, P.E.
Senior Project Manage 04’ ‘D 3
Florida Registration No. 36382

Enciosures



Table 1

Test Site Locations and Elevations

State Plan Coordinates

Approx Ground Surface Elevations (feet)

Site Area Northing Easting NGVD29 NGVD88
PC1G Phase! | 124986345 | 59724858 |  +171.70 +170.79
PC-1GA Phase! | 124086345 | 507,255.58 +171.70 +170.79
PC-1H Phase! | 1,250,379.18 | 595948.51 +163.13 +162.21
PC-3C Phase ll | 1,251,13857 | 597,324.78 +157.10 +156.19
PC-4D Phase IV | 125067126 | 595967.14 +167.29 +166.38




Table 2

Top and Bottom Elevations of Phosphatic Clay

Approx
Ground Top of Clay Bottom of Clay Clay
Area Test Site Date Surface Thickness
Elevation Depth Elevation Depth Elevation (f)
{ft, NGVD) {it, BLS) | (ft, NGVD) {ft, BLS) (ft, NGVI)
PC-1G 02/27/03 +171.7 55.4 +116.3 58.7 +113.0 33
Phase ! PC-1GA | 02/28/03 +171.7 55.5 +116.2 58.6 +113.1 3.1
PC-1H 02/26/03 +163.1 53.5 +109.6 59.8 +103.3 6.3
Phase Ul PC-3C 02/28/03 +157.1 38.0 +119.1 48.0 +111.1 8.0
Phase IV PC-4D 02/26/03 +167.3 54.5 +112.8 64.8 +102.5 10.3




Table 3

Piezometric Levels on Top of Phosphatic Clay

gmund ' Piegometric Top of Clay Piezometric
(ft, NGVD) Clay (it, NGvpy | (b NGVD) Clay (i)
PC-1G 02/27/03 +171.7 - +116.3 -
Phase | PC-1GA | 02/28/03 +171.7 +121.4 +116.2 52
PC-1H 02/26/03 +163.1 +116.6 +109.6 7.0
Phase Il PC-3C 02/28/03 +187.1 1228 +119.1 3.7
Phase IV pC-4D 02/26/03 +167.3 <+112.8 +112.8 0.0




Table 4

Piezometric Elevations Below Phosphatic Clay

Ground Surface Piezometric Elevation
Area Test Site Date Elevation Below Phosphatic Clay
(ft, NGVD) (ft, NGVD)

PC-1G 02427103 +171.7 +120.1

Phase | PC-1GA 02/28/03 +171.7 +123.1
PC-1H 02/26/03 +163.1 +117.7

Phase Il PC-3C 02/28/03 +157.1 +117.7
Phase IV PC-4D 02/26/03 +167.3 +118.2
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Table 6

Computed Coefficients of Consolidation from Piezoprobe Tests

P}?;Cg’ég?: Elevation of Horizontal Vertical
] Piezoprobe Piezoprobe Coefficient of Coefficient of
Area Test Site Designation Beig\:rgg;und Tip Consolidation, ¢, | Consolidation, ¢*
(0 {ft, NGVD) (em?/sec) (cm?fsec)
PC-1GA P356 56.0 +115.7 4.4x10°% 2.2x10°°
Phase |
PC-1H p257 57.0 +106.1 3.4x10° 1.7x10°
39.0 +118.1 4.5x10° 2.3x10™
Phase N PC-3C P438 42.0 +115.1 1.6x10° 8.0x10*¢
445 +112.6 2.2x10° 1x10+
56.1 +111.2 3.5x10% 1.8x10™
Phase IV PC-4D PB56 59.4 +107.9 3.2x10° 1.6x10*
63.7 +103.6 2.5x10 1.3x10°

*

¢, using empirical relationship recommended by Baligh e al., 1886,




(paemadn) $°g < Z8LL+E 251+ 8TLL+ > €294+ £0/9Z/20 ar2d Al @seld
(paemumop) ' L+ L'GZL+ AR b AG L+ £0/82/20 DE-0d [t 258y
(psemdn} 47| JAVARRS L2+ g9l L+ LEOL+ £0/92/Z0 HI~0d
{premdn} 2L LEZL+ LT+ #1ZL+ LA+ £0/82/20 v9L-0d | 98B
- R TA R - - AR £0/221Z0 91-0d
{y) sunssaid {QAON W) (QADN ‘W) AelD ({GADN W) (JADN W)
IBIBAA Bl0d $880X3 ABlD oneydsoyd UIURAA UOHBAS]T Aeto oneudsouyd uoBEAS|g a1 SU 155 sl
10 uenedissiq Jauy AsiD mojag doneas|3 SUIBLIOZS o 10 do | uo uoneAs(s avBUNG e US oL v
$S0.0Y SousBYI(] PeaH DHIOLLIOZ8 winwixely Bunsixg OLHBUIOTZS 4 punois)

SUONBAS]T DLileWozald 4O suosiiediuon

Lejqe]




L
i
M: :.,.mm..w.»...uxhu.
cAUEIRLIE bR
o R N
Hhsepd T,
S NI
n,m.ﬂ.u.u \Mwbw Aipe 3!
M:,%%ﬁ% G
Hﬁ; TR @.ﬂ
ity
SR
b
S
SelGen,
Fronio

‘ﬂa.dﬂﬂaﬂﬂhrw.\

Y

7

Q o
“ile <37
SII T' m» m an
o |23 | 2o (3%
A [ CN [n]
o 2 QF el |
= E @i |
S Enl HOK .3
N %mn AWDVI —
< =2 ZZ |
S |<&3| 3832
n
= &.m.m WLTw
Mw & 9° wx9 E1
o E £ LWEnHu &
& el SZLD 15
~ 1058 9<50 |}
- PRl Z_R& L
B3] « % HHOO
[ DEwg =
e o] @ |5
2 @
7] g - or
o = 1§l u
b Zi54¥
o mmm.
g
i
<
o =
Non
£ 2 388
e o2
o<y %
WY dsf
wpge oc?
o 506>
19 2 o 1 0 3 5 IIE4..» =
BELITEY: QHuG1 MFR
Z2Zp 248
g5z 58
o8 _EX
mu.qwiw.wm : b M.I.U m l._.m..\
g5 Z
[
m
C
Q
m .
Q|83
o
@
— SIAT
=@ =< g
i
.
-
Q
ol &

Gap 10-g1020\BLO

~¢o\£o\ajosedion\:




T\Corporate\O3\03~-01B\03018-02.dwg DATE: 04/02/03 <D

PARTITICN DIKE

—

B i

A LEGEND

s
107 CONTOURS OF CLAY
/ THICKNESS IN FEET

NOTE: REPRODUCED FROM ARDAMAN & ASSOCIATES' 1981-1983 STUDY

THICKNESS OF PHOSPHATIC
CLAY BEFORE LANDFILL
CONSTRUCTION

Y @ Ardaman & Associates, Inc)

Gaotachnlcal, Environmental ond
uterfols Consullonts

GEOTECHNICAL STUDY ASSOQOCIATED
WITH ANNUAL MONITORING
SOUTHEAST LANDFILL
HLLSBORQUGH COUNTY, FLORIDA

DRaWN BY: BTW [ontckep B S 4 [owE:  03/28/03

“osow | Fer (T2




1

15 AM, odrew

23

. i
s etk
e /[ /f, H

AN

Sy,
a‘i% 2;n:_‘
G

T:\Corporate\03\03-018\03018~05A.dwg, 04/02/2003 11

N R =

s
B

.-

N e e N
Stgntuney o : .
: 13 \;i:-;saad:a;.\ e
e e e D L e WSS PR
p——_ ¥ o e
o S [ e g

A

o T
RGNS
- 1 w1546
Kizaa 1587 N
R YIN

e e ey

Ed 5

Rl A e 5.

I
1258 T

/ FEe

W
i &m‘mﬂ:\-wmmw
TR et - 22 =y

ey 3 .

R VTR Ieh L S AN - T YT

R e N
e b e A e

I Vs X
7 gasniverg d.ﬂ‘f‘ 0
P emt it w e TR
e T S AT

o o et
W,jﬁ}"w = ‘m.s\\‘\’
o -1:

o

ety
P AT
/
-~

53"
R,/ L

s

A T —

,‘{

A4 e
5

Friawrg
k-
=i

Pt

6T HhEY, cTIeE

sxe (]
e

s S

s

0 200 400

e e e

SCALE: —1"=400"
NOTE: THE TOPOGRAPHIC
SITE PLAN WAS BASED ON

SURVEY DATA OBTAINED
ON JANUARY 10, 2001,

LEGEND
€ TEST SITES IN 2001/2002
@ TEST SIES IN 2003

LANDFILL LAYOUT AND
FIELD TEST LOCATION MAP

Ardaman & Associates, Inc

Gaoteshnlcal, Envirenmental ond
Matsrlals Consultants

GEOTECHNICAL STUDY ASSOCIATED
WITH ANNUAL MONITORING
SOUTHEAST LANDFILL
HILLSBOROUGH GOUNTY, FLORIDA

DRAME BY: BTW | CHEGKED Bvi S A |DAE: 03/28/03

MG;?‘NB APPROVED BY: F;iCC/ FICURE: 3




TIP RESISTANCE, qt {tsf)

TIP RESISTANCE, gt (tsf)

PORE PRESSURE, 1 {1s1)

SLEEVE FRIGTION, fs (tsf)

FRICTION RATIO, fs/ut {%)

SOIL TYPE NO.

Soit Classification by Robertson el al., 1985

APPROX. SPY-N (hlows/t)

G 166 - 200 300 400 500 G 5. i0 15 20 25 0 5 1G 15 2G 2 4 8 a8 10 ] 2 4 6 <] 9 12 10 100
50 ——s ——t F— ' ‘ »
55
- e e
- iz
60 > 1 _‘? g
g '
X
5
a
65
70
5
PENETRATION TEST DATA FOR
PIEZOCONE SOQUNDING PC-1G
Ardaman & Associates, Inc.
Geotechnical Environmental and
Soif 1. # Seil Description ucs Soil (D # Seil Description ucs Materials Consuitants
1 Sensitive Fine Grained OHICH 7 Sand to Sandy Silt SPISC GEOTECHNICAL STUDY ASSOCIATED
2 Organic Matesal O 8 Sand to Sty Sand SP WITH ANNUAL MONITORING
3 Clay CH ] Sand SPISW SOUNDING DATE: 202712003 SOUTHEAST LANDFILL
4 Sitty Cay ta Clay CLMH 10 Gravetly Sand to Sand SPIGW SURFACE ELEVATION (FT, NGVD): 171.7 HILLSBOROUGH COUNTY, FLORIDA
5 Clayey Sill to Sitty Ciay MHICL 11 {Very Stiff Fine Grained OC Clay COORDINATE LOCATION (FT): N 1,249, 863.5 braven 8v:N.8  Jerecken av: S.A pare: 03/27103
8 Sttty Sand to Sandy Silt SC 12 Sand fo Clayay Sand Cemented E 597,248.8 - FILENO.: APEROVED BY: FloURE:
03-018 Flcc




[P

TIP RESISTANCE, qt {tsf) TiP RESISTANCE, gt {tsf) PORE PRESSURE, u {57} SLEEVE FRICTION, fs {fsf) FRICTION RATIO, fsiqt (%) SOIL TYPE NO. APPROX. SPT-N (hlowsift}
] 100 200 300 400 500 i 5 10 15 26 25 0 5 10 18 20 2 4 8 g 10 hi 2 4 8 8 G 0 3 6 9 12 i 10 100
50 ———— ' i : :
55 [ 1
H b Q: —
F
- g_,_l g’m,,___,,.____/ _‘E L
60 L I E
< >
: g
5
ul
by :"“*'—q...
65
70
75
PENETRATION TEST DATA FOR
PIEZOCONE SOUNDING PC-1GA
Ardaman & Assaciates, Inc.
Geotechnical Environmental and
Soil 1,0 # Sail Description Ucs Soif 1.0 # Sail Dascription ucs Matertals Consultants
1 Sensitive Fine Grained OHICH 7 Sand 1o Sandy Silt SPISC GEOTECHNICAL STUDY ASSOCIATED
2 Grganic Matarial OH 8 Sand to Silty Sand sp WITH ANNUAL MONITORING
3 Clay cH 2 Sand SPIsW SOUNDING DATE: 212812003 SOUTHEAST LANDFILL
4 Sitty Clay to Clay CLMH 10 Gravelly Sand to Sand SPIGW SURFACE ELEVATION (FT, NGVD): 1717 HILLSBOROUGH COLUNTY, FLORIDA
5 Clayey Silt to Sitty Clay MHCL 11 Very Stiff Fine Grained 0C Clay COORDINATE LOCATION {FT}: N 1,249, 863.5 orawn er: NLS  Joreewen s S.A nare; 0327103
8 Silty Sand to Sandy Sil: 5C 12 Sand o Ciayey Sand Cemented E §97,255.6 RS APPROVED BY: FIGURE:
Soit Classification by Robertson et at, 1986 03-018 PK,C’ 5




SLEEVE FRICTION, fs {tsf) FRICTION RATIO, fsiqt (%) SOIL TYPE NO. APPROX, SPT-N (btowsift)
o oo TIP RERJSTANCEGS (58 400 so0 o 5 TIPREYSTANCES(SH o 25 O P ORE PREJEURE, utsh 5 20 2 4 5 8 10 2 4 6 8 10 3 8 9 121 10 100
50 i 3 1 L 1 L + + + T + + Ll 4
K e P S ——
55 / F
60 tH — —— - I
-l
B8
2 e U-.":._._________ -
g f ? }
e
]
=1
. 3 = =
< ]
— —— | — L
Mt -.'.“-u-__
70 .
75
PENETRATION TEST DATA FOR
PIEZOCONE SQUNDING PC-1H
Ardaman & Associates, Inc.
Geotechnical Environmentat and
SoiLD.# Soil Description oS Soil (D, # Sait Deseriplion LICS Materials Consultants
1 Sensitive Fine Grained QHICH 7 Sand fo Sandy Silt SPISC GEOTECHNICAL STUDY ASSOCIATED
2 Organic Material OH 8 Sand to Sity Sand SP WITH ANNUAL MONITORING
3 Clay CH 9 Sand SPISW SOUNDING DATE: 9202612003 SOUTHEAST LANDFILL
4 Silty Clay to Glay CLMH 10 Gravelly Sand to Sand SPIGW SURFACE ELEVATION {FT, NGVD}: 163.1 HILLSBOROUGH COUNTY, FLORIDA
5 Clayey Silt to Sity Clay MHICL 11 Very Stiff Fine Grained 0OC Clay COORDINATE LOCATION (FT): N 1,250, 379.2 orawnsy: NS Jewscken sy S.A nate; 03127103
6 Sty Sand to Sandy Sit sC 12 Sand to Clayey Sand Cemented E 594,948.5 FILE Na.: APPROVED BY: FIGURE:

Soil Classification by Robertson el at, 1986

Fe g

03-018




£ N Y
TiP RESISTANCE, qt (tsf) TP RESISTANCE, gt {tsf) PORE PRESSURE, u {tsf} SLEEVE FRICTION, fs {tsf) RICTION RATIO, fsfat (%) SOIL TYPE HO. APPROX. SPT-N {blows/)
0 100 200 300 400 500 5 10 15 20 25 3 5 16 15 20 2 4 & & 10 G 2 4 § 8 10 e 3 8 9 121 10 100
30 . l R ; oot —— :’ e : —— ; " s
BN ﬁ-lF—-— it . 2 T S
R - vr——
?-n %
-y m—— =
1 :::a- Ir:'m‘l
35 e S
e H
/
st
F _"_d—- S
. | ‘, ] 7
: ﬁ
o ud
=
&
a
45 L
B e
50 \ ""'r_‘
f
55
‘ PENETRATION TEST DATA FOR
; PIEZOCONE SOUNDING PC-3C
¢ Ardaman & Associates, Inc.
o Geotechnical Environmental and
Seit LD, # Soil Dascription UGS Soit LD. # Soil Dascripticn UCcs Materials Consultants
1 Sensitive Fine Grainad OH/CH 7 Sand ta Sandy Silt 5PISC GEQTECHNICAL STUDY ASSOCIATED
2 Organic Material OH 8 Sand to Silty Sand SP WITH ANNUAL MONITORING
3 Clay cH E] Sand SPISW SOUNDING DATE: . 22812603 SQUTHEAST LANDFILL
4 Silty Clay to Clay CLMH 18 Gravelly Sand to Sand SPIGW SURFACE ELEVATION {FT, NGVD): 1574 HILLSBOROUGH COUNTY, FLORIDA
5 Clayey Silt to Silly Ciay MHICL 1 Very Sliff Fine Grained 0C Ctay COORDINATE LGCATION (FT): N 1,251, 138.6 srawn gy NS {onsckeo sy: S.A nare: 03127103
& Silty Sand to Sandy Silt $C 12 Sand to Clayey Sand Camented E 597,324.8 FILE Na.: APPROVED BY: FRE:
Soil Classification by Roberison etal., 1986 03018 F;C(/ ¥




DEPTH (ft)

TiP RESISTANCE, qi {tsf) PORE PRESSURE, u (tsf) SLEEVE FRICTION, fs {tsf) FRICTION RATIO, fsiqt {%) SOIL TYPE NG. APPROX. SFT-N {blowslit)

e REZS&gTANCE3Bt =7 4G0 500 0 5 i0 15 20 25 0 5 10 15 20 i} 2 4 ] g 10 0 2 4 =] 8 10 ¢ 3 [} 9 12 1 10 100

1] 100

55

60

A

¥

i/

IRTEY
R A L e

s

75
PENETRATION TEST DATA FOR
PIEZOCONE SOUNDING PC-4D
Ardaman & Associates, Inc.
Geatechnical Bnvir ral and
Soil 1D, # Soil Description ucs Soff 1.0 # Séil Description ucs Materials Consultants
1 Sensitive Fine Grained OH/CH 7 Sand to Sandy Sit $PISC GEOTECHNICAL STUDY ASSOCIATED
2 Organic Material OH 8 Sand to Silty Sand sp WITH ANNUAL MONITORING
3 Clay CH 3 Sand SPISW SOUNDING DATE: 2/2612003 SOUTHEAST LANDEILL
4 Silty Clay to Clay CUMH 10 Gravelly Sand to Sand SPIGW SURFACE ELEVATION {FT, NGVD): 167.3 HILLSBOROUGH COUNTY, FLLORIDA
5 |ciayey Sit to Sity Ciay oL 11 |Very St Fine Geained | 00 Gl COORDINATE LOCATION (FT): N 1,250, 671.3 fromiav NS Toweooay, SA  [oare: 03127103 |
[ Sty Sand 1o Sandy Sitt 56 12 Sand to Clayey Sand Comeanted E 595,967.1 #1Le Ne.: APPROVED BY: EiGURE:
Soil Classification by Robertson et al., 1986 03-018 8




;
N

1203

! {
4 i Falial 3 | N
F 4 A V!
PV E Y - - - i
: i ®1063 s I ,n ; } e
£ L
: /

A s
g A £riagd
{I.":;u gf.’i'"*-%‘u_. Wi

i

xF1E

2
hY

459 ol
i 8 stk

{1 .
vl P A e L2 . H g = =, . . -t T, e, o .
e B Ol Recas NS s s T ' LEGEND
ecketot, ~§ Tl ! LY N e BN i X T ; BT e
et . i o N . ", N ¥ ¥ o i

4 ARDAMAN (1994)
4 ARDAMAN (2001)
& ARDAMAN (2002)
€ ARDAMAN (2003)

(2.0} PIEZOMETRIC LEVEL ABOVE
TOP OF CLAY IN FEET

121A

L [

: iia.z\v.o\'ﬂzég?@ ﬂ\ﬁ»«

‘124:2\$&<”na.s RITERY

LEACHATE LEVELS ON
TOP OF PHOSPHATIC CLAY

i,

G s, s
i S, . Ardaman & Associates, Incj
..y o ié s Tt Gaotachnieal, Environmental and
21264 :11;‘.5”&“ '3“- ’\:-;»{J%% Matarials Consultants
e j .//_J‘?M o
L Napm A T e i S /] GEOTECHNICAL STUDY ASSOCIATED
o e —v%wffﬁ ey S d WITH ANNUAL MOMITORING
B e e e Sk SOUTHEAST LANDFILL
e AT SRR s g ot R e HILLSBOROUGH COUNTY, FLORIDA

w223

. baas v BTW |owcen oe SO [oae  03/28/03
L Na, APTROVED FCURE:
03-018 He 9

TACorporete\DI\GI=D18\03018-0a.cwg  04/02/03 CD




3584w

o-m.m
1000000

Ep s
T oy :
5 ! )

&2 | 8
a ]
8 N -
S e L
& A

10000

1000

00

Time {(seconds)

1

T

{

1T Tl

!

1.0
0.9

™~ © L <, o
o o o ol <

BINSSBld BI0d SSBOXT POZI|BLLLION

0.8

EXCESS PORE PRESSURE DISSIPATION
PIEZOPROBE P356 AT PC-1G

0.2

c.1

0.0
0.1

@@ Arcdiaman & Associates, Inc.
Mo Gectechnicel, Environimental and
3 Materfals Consultants

GECTECHNICAL STUDY ASSQCIATED
WITH ANNUAL MONITORING
SOUTHEAST LANDFILL
HILLSBOROUGH COUNTY, FLORIDA

DRAWNEY:  GA zcwscwsasv: SA  |onE 08-27-03

FRE NQ.: APPROVEQ BY: FIGURE:

03-018 FEe 10




PAET drw

(fest)
56.99

Depth Below
Ground Surface

: Symbol

Time (seconds)

]

58]

2 i @
S o o

1.0
0.6

0.9
0.8
0

8INSS81d 9104 SS0X] PazIBUION

EXCESS PORE PRESSURE DISSIPATION
PIEZOPROBE P257 AT PC-1H

c.2

G.1

0.0
¢A1

B Ardaman & Associates, Inc.
Geotechnical, Environmental and
Materials Consultants

GEOTECHNICAL STUDY ASSOCIATED
WITH ANNUAL MONITORING
SOUTHEAST LANDFILL

HILLSBORQUEGH COUNTY, FLORIDA

DRAWN BY:  GA IcHscmav: SA !um‘s: 03.27.03

FLE NO.: APPROVED BY: FIGURE:

03-018 FKCI 11




pASE.drw

(feet)

38.01

Ground Surface
41.98%
44 .46

Depth Beiow

1000000

+| Symbol

100000

TTTTTT

10000

[REL

1000

Time (seconds)

100

10

P~

- 0 = «
o

@ © 2
o o o S o

2INSS8I4 BI04 SS80XT PAZIIBUWION

EXCESS PORE PRESSURE DISSIPATION
PIEZOPROBE P439 AT PC-3C

0.2

0.1

0.0
0.1

Ardaman & Associates, inc.
Geotechirical, Environmental and
Materials Consultants

GEOTECHNICAL STUDY ASSOCIATED
WITH ANNUAL MONITORING -
SQUTHEAST LANDFILL
HILLGBOROUGH COUNTY, FLORIDA

DRAWNEY.  GA | CHECKEDEY: gSA  [OATE: 03-27-03

FiLE NC.: APPROVED BY: FIBURAE:

03.018 FL’,(} 12




PBSE drw

58.38

Depth Below
Ground Surface
(feet)
56.10
63,65

1000000

.| Symbol
@
@
>

160000

Time (seconds)

~ @ 0 < o
o o) o

1.0
0.8
0.8
0
a

9INSSBld 910 $S8IXT PazZI[BULION

EXCESS PORE PRESSURE DISSIPATION
PIEZOPROBE P656 AT PC-4D

G4

N
o

0.0

3 Ardaman & Associates, Inc.
Geotechnical, Environmental and
H Materials Consultants

GEOTECHNICAL STUDY ASSOCIATED
WITH ANNUAL MONITORING
SCGUTHEAST LANDFILL
HILLSBOROUGH COUNTY, FLORIDA

ORAWNBY: A [CHEGKEDBY: gA |DATE: 03-27-03

FULE MO APPRQVED BY: FGURE:

03.018 = 13




