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Site Location And

The site for the
of the town of Laurel,
Figure 1, the proposed
16, Township 38 South,
with a scale of 1 inch

The Sarasota County
designed to Florida
tr landfill is to be
addition to the Class
and construction and
borrow areas for the I

the property.

$cope Of Work

The following tasks

. Compiled
survey

o Planned

the

. Tested all
chemistry

o Planned

. Evaluated

. Performed
the

o Compiled

lnc.

INTRODUCTION

Assumptions

performed by Ardaman & Associates, Inc. for this project:

reviewed available aerial photographs, geological literature, the soil
of the site, and the data collected from previous studies.

conducted a field exploration program consisting of 79 Standard
Penetration est (SPT) borings to determine the subsurface conditions at the site and
to recover samples for laboratory testing.

o lnstalled 16
levels, the

properties
conducted a laboratory testing program to characterize the engineering
representative soil samples retrieved lrom the site.

results of the lield and laboratory programs and the hydrogeological
data at the with respect to the use of the site for a landfill.

analyses to assess the suitability of subsurface soils to support

and laboratory data to locate and assess the availability of borrow
material for , intermediate and linal cover as well as for a clay component of a
bottom system.

-1-

oSu liner requirements for the Class I landfilt.
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o Prepared a

Geographic Sefiing

Lying in the gulf
physiographic division
This division is
barrier islands along

Displaying aflat
which are seasonallY
and Cow Pen Slough
drains to the Myakka
of the landfill footprints,
Slough east ol the

According to a recent
Inc. (CDM), the site land
flood plain of the
generally slopes from
and trom east to
elevations are in
are in Sections 12 and

The detailed soil survey
predominant upland
somewhat poorly
"organic pan" layer
sands. The Adamsville
sands in this series
soils, without drainage
surface.

Meteorology

The generalclimatic
year (average oltime
by the National
respectively. The
Myakka River State
the annual

According to NOM,
is 71.9"F. The coldest
warmest month is in August with an average temperature of 81.5'F.

-2-

monitoring plan lor the landfills.

o Prepared this to document our hydrogeological and geotechnical engineering

evaluations the proposed landfill site.

STTE CONDMONS

lowlands, the study area is part of the barrier island coastal strip
the southwestern flatrroods district described by H. K. Brooks (1981).

by elevations of less than 20 feet (NGVD) and the presence of
coast.

r, the study area is poorly drained containing intermittent depressions
Surface water trom the site flows into the Myakka River on the east

on the west of the area. East of the landfilltootprints, surface water
primarily via sheet flow. No defined channel system is. evident. West

iace waier drains to Cow Pen Slough Canal primarily viathe Cow Pen

and by sheet flow west of the Canal.

ric survey of the area provided to us by Camp^Dresser & McKee
elevations typically viry from 14to Z2feet (NGV^Dl_".*"?t in the

River where the elevations are lower than 10leet (NGVD). The land
to south and from west to east toward the Myakka River on the east

toward Cow Pen Slough Canal on the west. The highest ground

3 along the northern border of the site. The lowest ground elevations
3 near the southeastern corner of the site.

ared by the U.S. Soil Conservation Service (1954) indicates that the

soils b-etween the Myakka River and Cow Pen Slough Canalare the

Adamsville and lmmokalee soil series. The lmmokalee soils have an

30 inches. This soil series was formed from thick stratified beds of acid

soil consists of fine sand overlying finer grained alkaline soils. The fine

typically 42 inches thick or more. Both the Adamsville and lmmokalee

, have a seasonal high water table of 0 to 2leet below land

ns at the site are subtropical. The annual precipitation for a normal

1951-1980) at Bradenton and Myakka River State Park, as reported
and Atmospheric Administration (NOAA), is 55.67 and 56.81 inches,

monthly rainfall distribution in a normal year at the Bradenton and

stationsis presented in Table 1. As can be seen, about 61 percent of

occurs in a 4-month period between June and September.

annual average temperature in a normal year at the Bradenton station

tnth recorded is in Jinuary with an average temperature ol6O'7F. The
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Geological Setting

Based upon published
following description
hydrogeologic units for
common in the upper 1

$cott (1988) reported
Florida and has
stratigraphic column.
descending order are

Elevation
(Ft. NGVD)
From To

s -25

-25 -450

-s

rre and our past experience in the vicinity of the study area, the
the stratigraphic sequence beneath the area. The generalized

study area are presented in Table 2. Localized variations, which are
feet, are expected.

the lithostratigraphy of the Hawthorn Group (Miocene age deposits) of
several relatively new names for the units which make up the
new sequence of lithological units as described by Scott (1988) in
as follows for the site:

Sediments - generally consists of unnamed, nonphosphatic
(often surficial) and unnamed fossiliferous sands and shell beds.

River Formation - new name for the combined upper Hawthorn Group.
consists of interbedded quarE sands, clays and carbonates.
component predominates and is the distinguishing lithologic

of the unit. Typically the siliciclastics comprise two-thirds or more olthe
. The quartz sands are characteristically clayey, calcareous to
phosphatic, very fine to medium grained, and poorly consolidated.

Clay are quite common in the Peace River Formation. The clays are
sandy, silty, calcareous to dolomitic, phosphatic, and poorly to
tely indurated. Carbonates also occur throughout the Peace River
on. Characteristically these carbonates comprise less than 33 percent
Peace River section. The carbonates may be either limestone or

Chert occurs sporadically in the Peace River Formation.
rlly, the chert appears to be a replacement of the carbonates

silicified clays do occur.

Formation - new name for the lower Hawthorn carbonate section in
Florida. The Arcadia Formation, with the exception of the Nocatee

, consists predominantly of limestone and dolostone containing varying
; of quartz sand, clay and phosphate grains. Thin beds of quartz sand

ty often are present interspersed throughout the section. These thin
and clays are generally very calcareous or dolomitic and phosphatic.

of lir

and
and
grai

is generally the most abundant carbonate component of the Arcadia
except in the Tampa Member. Clay beds occur sporadically
the Arcadia Formation, are thin, generally less than 5 feet thick, and

arealextent. The clays are quarE sandy, silty, phosphatic, dolomitic
y to moderately indurated. QuarE sand beds also occur sporadically

generally less than 5leet thick. The sands are very fine to medium
(characteristically fi ne grained), poorly to moderately indurated, clayey,
c and phosphatic. Chert is sporadically present in the Arcadia

, however, typically not in Sarasota County.
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-2s0 -4@

clays.

groundwater
features as well as
groundwater is
property and Cow

Recharge to the
through
in the surficial aquiler
uses such as

-4-

Fossil
Sand

rpa Member, which occufs between -250 ft and -4@ ft, (NGVD)

iredominanily ot limestone with .subordinate .dg!ottgn:.. s?!9:t :19
Tire lithology 6f the Tampa Member is very similar.to the limestone

of the Arcadia Formation with the exception of its phosphate content

almost always noticeably less than in the Arcadia Formation.

I grains geneially are presbnt in the Tampa Member in amounts less

perient although- bedi containing greater percenta.ges do occur,

ruly near the fadies change limits of the member. Lithologically, the

are variably quartz sanoy and clayey with minor to no phosphate.

ls are otteri piesent and include mollusks, foraminifera and algae.

and clay bedi occur sporadically within the Tampa Member.

;ically, they are identical to those described for the Arcadia.Forgation
ior tir'e phosphate content which is significantly lower in the Tampa

t. Siliceous beds are often present in the more updip portions of the

and Floridan aquifer systems comprise the three hydrogeologic
The term systeni refersio both the aquifer and confining units. The

r in the study area of Sarasota County consists of approximately 10

entiated sediments. Low permeability clayey layers generally occur
0 to -40 feet (NGVD) and have a wide areal extent throughout the area.

rd region whbre bebs 10 feet or more in thickness with low hydraulic-

in the surficial aquifer is locally controlled by natural surface drainage
-made drainage fiatures such as Cow Pen Slough Canal. At the site,

ed by the waier levels in the Myakka River on the eastern half of the

Slough Canal on the western half of the propefi.

aquifer is mainly from rainfall, while discharge from the aquifer is mainly
on, direct surfa-ce runotf and lateral seePage to surface waters. Wells

-1150 -13O0 . ocala and Avon Park Limestones - these limestones form the
aquifer. These units occur at depths from 400-to 47:1"."t "F 9{:19

of approximately 13oo feet below land surface (wolansky, .1989).
Limestone ii a soft granular limestone and is underlain by the

, fine grained, massive-ocala umestone which contains beds of

at its bale. The Avon Park Limestone is a granular to challqy

rs limestone and interbedded fractured dolomite with gypsum and
which are found in greater concentrations at the base of the

lilydrogeological

The surficial,
Systems Present at the
following descriPtion the g6neral hydrogeological characteristics and the properties

of the aquifers and units lrom literature data.

The surficial aquifer
to 15 feet of sandY
from elevation about
The site is within a
conductivitY occur in 50 feet of the surface (Buono et al., 1979). The direction of

an piovide water for domestic water supplies and low volume agricultural
waiering. Fluctuations in the water table are generally seasonal and vary

within a S-foot range. The highest levels, 0 to 2 feet below land surface, typically occur in
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September or October while the lowest water levels typically occur during April or May.
that the transmissivity for this aquifer for the Sarasota-Port CharlotteWolansky (1983)

area is between 500
coefficient ranges
due to the variabilitv in
from shell beds and
hydraulic conductivity both water table and leaky artesian conditions. Based upon the
available total dissolved ids data, the surficialaquifer is classified under FloridaAdministration
Code 17-3.403 as a aquifer.

The intermediate system consists of allsediments that lie between and collectively retard
Itween the overlying surficial aquiler system and the underlying Floridan

-5-

y and 1O,0OO fflday with an average of 1,300 lflday. The storage
0.05 and 0.25 with an average of 0.20. These values vary significantly
thickness and hydraulic conductivity of the surficial soils which range
units with high hydraulic conductivity to clayey fine sands with low

Wolansky (1983), two aquifer/confining unit systems for Sarasota County, namely
the Tamiami - Upper aquifer and conlining unit, which occurs in the Peace River
Formation, and the Hawthorn - Upper Tampa aquifer and confining unit, which occurs in
the Arcadia Formation. The top of the Upper Hawthorn aquiter occurs at about 40 feet below

an average thickness of about 1@ feet. The lower HaMhorn-upper

the exchange of water
aquifer system. These
with carbonate strata

sea level. This unit
Tampa aquiler is the
this aquifer ranges

thin beds of

Water Management
site is between an
confining unit.
as 20feet during the
unit in Sarasota
domestic and
The transmissivity of
ranges between 500
typically is between

and 0.0002 fVday per
transmissivity of 2,
edge of the site.
Availabletotal

in generalconsist of fine grained clastic deposits interbedded
to all or parts of the Miocene and younger age formations.

transmissive unit ol the intermediate aquifer system. The top ol
about 200 to about 250 feet below sea level. This unit ranges in
to 200 feet.

of upward llow and an area of downward flow through the upper
pumping drawdowns can depress the potentiometric surlace as much

x 10{ and 1.5 x 1d'and averages 1.0 x 10'(Wolansky, 1988). The
the order of 1.3 x 1O5 fVdaylft (Wolansky, 1983). Duerr and Wolansky

t, respectively for a site near Venice. Duerr and others (1988) report a
ftt per day from an aquiler performance test performed near the south
test was performed at a depth of 87 to 205 feet below land surface.
solids datafortheTamiami- Upper Hawthorn aquifer range between 500

thickness from about 1

The Tamiami - Upper
old Tamiami

rwthorn aquifer consists of the sandy limestones and sandstones of the
and the sandy limestones and dolomites from the upper portion of the

old HaMhorn The Tamiami-upper Hawthorn aquifer (Duerr and Wolansky, 1986)
consists of partially olidated deposits of phosphatic marl, shell, sand and clayey sand, and

limestone. Many lateral facies changes occur within the stratigraphic
units. The regional flow direction in this aquifer unit is to the west and southwest
at the study area , 1983) and the potentiometric surlace in this unit fluctuates above
and below the of the water table. Water table readings from the Southwest Florida

ict ROMP wells (1983) to the east and west of the site indicate that the

pumping periods of the dry season. The most widely exploited aquifer
is the Tamiami - Upper Hawthorn aquifer. lt provides most ol the
water supply to private wells in the Sarasota-Charlotte County area.

e Tamiami - Upper Hawthorn aquifer in the Sarasota-Port Charlotte area
/day and 3,500 tflday, averaging 2,600 tflday. The storage coetficient

leakage coetficient is
(1986) report tr , storage coefficient and l6akage coefficient of 800 tf per day, O.O0O1

mg/l and 100O mg/1, this aquifer under FAC 17-3.403 as a G-ll aquifer.
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The confining unit the Tamiami-Upper HaMhorn aquifer and the underlying Lower
Hawthorn-UpperTampa consists of layers ol sandy clay and marl and zones of limestone
and dolomite interbedded clay which fills the fractures and voids. The stratigraphic

clay and marl in this confining unit can vary causing variations in the
lqakage (Scott and 1s81).

According to Wolansky (1983), groundwater llow within the Lower Hawthorn - Upper Tampa

location and amount ol

aquiter is lrom east to
ranges between 500 ff

The transmissivity of the Lower Hawthorn - Upper Tampa aquifer
and 10,0@ tflday, with an average of 2,6@ tflday in the Sarasota-

'olansky 1983). Duerr and Wolansky (1986) report transmissivitities,
bakag6 coetficients of 2,500 and 9,00O tfllday,l .0 x 1 0' and 1 .2 x 1 0{,

the water withdrawn is not as high as that of the intermediate aquiler
not exploited as extensively, but is used for some agricultural water

Fort Charlotte area. siorage coefficient has a range of between 0.5 x 104 and 3.0 x 10< with
Wolanslqy 198tt). The leakage coetficient for this aquifer is on the orderan average ol2.0 x 10'

oJ 1.5 x 10€ fVday/ft
storage coefficients
and 1.0 x 10{ and 1 x 10' fVday/ft for two tests in the central Sarasota County area. The

f this aquifer unit is generally about 10 feet higher than that of thepotentiometric surface
Tamiami- Upper aquifer (Wolansky et al., 1983). Groundwaterfrom the aquifer is used
for agricultural or demineralized for use as a public water supply.

The confining unit ren the Lower Hawthorn-Upper Tampa aquifer and the Upper Floridan
-4OO and -450leet below sea level and consisting of a residual layer ofaquifer, occurs

stitf calcareous clay a low hydraulic conductivity. Wolansky (1983), reports an average
order of 5 x 10" tVday/ft. The Floridan aquifer, encountered at an

-450 leet (NGVD) at the study area (Wolansky, 1983), includes the
rla Umestone and the Avon Park Formation. The lower portion of the

the confining unit, is also included as part of the Floridan aquifer
in some locations & Sutcliffe, 1976).

The direction of flow the Floridan aquifer at the site is to the northwest. According to
Wolansky (1983), the of the Floridan aquifer in the Sarasota County-Port Charlotte
area, ranges from 100, tf lday to 500,000 tf lday with a storage coefficient that ranges from

rging 1.3 x 10€. The leikage coefficient ranges from 1 x 10€ to 1 x1 .1 x 10€ to 1.7 x 10€
1o€ tvday/ft. The surface of the upper Floridan aquifer is approximately 10 to 15

feet above that of the Hawthorn - Upper Tampa aquifer (Wolansky et al., 1985).

Although the Floridan production capabilities exceed those olthe overlying intermediate

leakage coefficient on
approximate elevation
Suwannee Umestone,
old Tampa Formation,

aquifers, the quality
system; therefore, it
supplies.

FIELD

Boring And Sampling

The approximate
to minimize
existing trails or other accessible areas. The boring locations were determined in the field
lrom points ol
Figure 2. Land

with the use of an uncontrolled mosaic aerial photograph similar to

TION AND I.ABORATORY TESTING PROGRAM

I of each test boring drilled at the site is shown on Figure 2. In an effort
of the heavily vegetated and wooded site, borings were placed along

elevations at the borings were estimated to the nearest 0.1 foot based
O feet scale topographic map with numerous spot elevations providedon the 1 inch equals
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to us by CDM. The and elevations should be considered accurate only to the degree
implied by the methods

The results of these rrings are presented in the form of boring logs in Appendix A and
in Figures 4 through 6. The stratification represents our interpretationgeneralized soil

dJ the field logs and
borings. The
between soiltyPes and transitions may be more gradualthan implied.

'[tre soil boring are representative of subsurface conditions only at their respective
pths oi penetration. Local variations of the subsurface materials in thelocations and lor their

area are anticiPated may be encountered. The relative density of cohesionless soils and the
soils may be inferred from the engineering classification table presentedconsistenry of

with the soil boring The classification table is based on empirical correlations with the

results of laboratory testing ol the recovered soil samples from the
lines shown on the boring profiles represent the approximate boundary

SPT blow count values

All Standard
Standard D-1586.
lield exploration were
Orlando laboratory for
the SPT is presented Appendix B.

Phase I Prooram

fhe field exploration

o Drilled 26

. Collected

o Collected
testing.

As discussed above,
laboratory for natural

N-values).

Test (SPT) borings were performed in general accordance with ASTM
soil samples recovered from each interval of the SPT during the

sealed in the field in air-tight jars and later returned to our
testing and classification. The procedure used for performing

)T borings (twenty S0-foot and six 100-foot borings) to investigate the
of the site soils on approximately 1000-foot centers within the landfill area

for Phase I of the proiect was as follows:

analyses.

samples to be used for laboratory classification testing.

undisturbed sample of clay to be used for laboratory consolidation

I samples consisted of SPT jar samples which were returned to our

, percent fines and Atterberg limit determinations. An undisturbed
Shelby tube sample obtained for the purpose of determining the pre-consolidation pressure

within a clay layer the proposed landfillfootprint. The procedure for taking the Shelby
tube is summarized in ix B.

Phase II Proqram

The field exploration

o Drilled 53

for Phase II of the proiect was as follows:

T borings to depths typically between 35 and 50 feet to investigate the
of the site soils on approximately lOOOJoot centers around the landfill

area and where potential borrow areas were designated.

. Performed corings to obtain samples for laboratory classification testing.



-8-
t
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Camp Dresser & lnc.
File Number 89135

o Collected
testing.

and undisturbed samples of soils to be used for laboratory

o lnstalled 16
water table,

and 3 deep monitor wells around the study site to document the
perform in situ hydraulic conductivity testing, and to document both

lateral and groundwater flow directions.

o Measured ln situ water quality at each of the wells and obtained water samples from
of the wells laboratory chemical analysis.

Disturbed soil for Phase U of the field program included collestion of both SPT iar
samples lrom which al moisture, fines content and Atterberg limit determinations were
performed, and bag (25lbsto 35lbs) forthe purpose of proctortesting, sieve analyses,
Atterberg limit , hydraulic conductivity testing, and carbonate content
determinations. In several rock cores were retrieved and returned to our laboratory

classification system was used to classify the rock. Undisturbedwhere the rock mass
Shelby tube samples also retrieved from the field and transported back to our laboratory
for determining the properties of the soils.

The Phase II boring was designed to primarily investigate potential soils for borrow
material in the borrow areas.

Monitor Well

Atotal of 16 shallow 15leet deep) and 3 deep (ranging between 77 and 92 feet deep)-
rnonitor wells were to establish a water table map for the site, vertical and horizontal
groundwater gr
adjacent to the

beneath the landfill, horizontal hydraulic conductivities of the soils
zones for the wells, and background groundwater quality. Figure 2

shows the location of of the monitoring wells and Table 3 tabulates the construction details
for each monitor well.
screen, sand pack and

A graphical representation of each monitor well showing location ol
is included on the appropriate boring log in Appendix A. All of the

with 2{nch diameter Schedule 40, threaded, flush-ioint, PVC
casing.

The 2-inch diameter wells were installed by drilling a 6-inch diameter hole to the final
depth, inserting a of 2-inch diameter slotted (.01Ginch slot) PVC pipe connected to a
inch diameter solid
the pipe with 2G30

riser pipe, backfilling the annular space around the slotted section
sand, backfilling a one foot layer of fine sand over the silica sand

then grouting the annular space.with neat cement to land surface. Well covers
protective pads were provided for each well.

Field Hydraulic

/n situ hydraulic

Testing

wells. Both falling and head methods were performed by raising or lowering the water level
or "sensitivity" tests were performed at 12 of the 1 9 installed moniffl

and then measuring the time rate of change of the water level in
calculated horizontal hydraulic conductivities at each of the tested

in Table 3. the
for the fine sand to

in the monitor well
the monitor well.
monitor wells are

v with an averaqe of 33 feeVr

t9 aaveyll-ne Sindd idnged

between 2 The

43 anit
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54 feeVday with an of 17 feeVday from six tests.

Water Table Data

Water levels at each
1992. In addition, the

sieve. Over 1OO

soils from the sublect
in Appendix A next to

'table contour maps summarizing the data are presented in Figures
(Figure 7) represents high water table conditions and the February

rrs including pH, specific conductance, salinity and temperature were
1991 for all-monitor wells with the exception of P-14D which was not

e data are compiled in Table 5. ln addition 4 water samples were
P-9 and P-11 and transported to Flowers Laboratory in Orlando for

samples obtained during the field exploration were returned to our
cation. Visual classilication was performed in general accordance with

associated with the soil samples collected during this Phase II lield
detailed soil testing, as well as chemical testing. Laboratory testing
Atterberg limits, proctor tests, laboratory hydraulic conductivity tests,

rcent lines determinations performed in accordance with ASTM Standard
defined as the percent by dry weight passing a U.S. No. 200 standard
moisture contents and percent fines determinations were performed on
:e. The results of these determinations are included on the boring logs

-9-

County personnel were
compiled in Table 4 and
7 and 8. The JulY 1990
1992 map (Figure 8) low water table conditions.

Water Quality Data

ln situwaterqualitY
measured in the field in
installed at the time.
retrieved from P-2D, P-
chemical analyses. tested included total phosphorous, total nitrogen and the primary

and secondary drinki water list parameters, except lor the volatile organics, TTHM and

iadionuclides.

General Laboratory T

I.ABORATORY TESNNG PROGRAM

Program

All recovered split
laboratoryforvisual

by the Unified Soil Classification System (USCS). These soil descriptions
re sample depth on each of the boring logs presented in Appendix A.

the procedures
are presented next to

The laboratory associated with the soil samples collected as part of the Phase I field
program included pr
samples were tested

soil classilication testing. In addition to visual examination, the
natural moisture content, percent fines content and Atterberg limit

determinations. ln ion. one consolidation test was conducted on an undisturbed sample
ol a clay layer to
evaluation.

the pre-consolidation pressure of this layer for use in our foundation

well were measured in July 1990, December 1991 , and February
level at 7 surface water monitoring stations installed by Sarasota
measured in December 1991 and February 1992. These data are

The laboratory
program included
included sieve
strength tests (of rock

Classification Tests

ial) and carbonate content tests.

Soil classification included natural moisture contents performed in accordance with ASTM

Standard D2216and
D 421. Percent fines

sample depth.
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Sieve Analyses

Sieve analyses were
Grain size plots for
for evaluation based on
retrieved from test

Atterberg Limits

Atterberg limit
material; however,
exploration. The
Appendix A. Atterberg
are presented in Table

Density Testing

Moisturedensity
Modified (ASTM D€98)
on several samples of
borrow areas at the
12. Figure 9
m o i st u re -pe rm e ab i l'tty

laboratory l-lydraulic

Laboratory hydraulic
Proctor testing was
diameter of
conductivity tests
test specimens
monitored with an
recorded from a d

Rock cores retrieved
using a
Table 8. Table 8 also
unconfined

reir potential use as borrow materials and thus alltested samples were
associated with the borrow areas outlined on Figure 2.

rrrTred on selected samples in accordance with ASTM Standard O2487.
samples are presented in Appendix C. The tested soils were selected

ns (ASTM Standard D-2{€7l'were made primarily on potential borrow
werb made on samples retrieved as part of Phase I of the field
limits determined during Phase I are included on the boring logs in
determinations performed as Part of the borrow materialevaluation

vides the RockQuality Designation (RQD) lor each flight cored and the
strength as determined in accordance with ASTM Standard D 2938.

occurring through the
of flow were allowed

was monitored with time in 2O cc-burettes. Sufficient quantities

conductivity were
separate moisture and densities for each of the soil samples and these data are
presented in Table 7 Figures 1O through 12. These latter three figures present a moisture-
density-hydraulic relationship for each soil sample.

Rock Testing

for those soils tested.

are used to establish the compaction characteristics of a soil.
and Standard (ASTM D-l557) Proctor compaction tests were conducted
ptential borrow materials obtained from areas that are and were within

site. The results of these tests are included in Figures 9, 10, 11 and
the Proctor data while Figures 10 through 12 summarize the density-

for select borrow soils.

Testing

tests were conducted on several remolded samples for which

ric pore pressure transducer and was either automatically or manually
volimetei. Water was used as the permeant, and the quantity of flow

pass through the specimens until constant values of the hydraulic
d. Generally constant head permeability tests were conducted at two

the field were returned to our laboratory for generalclassification testing
Classification system. The resulting rock mass rating is presented.in

Several bag samples borrow soils were tested lor the amount of rock and shell in the
samples obtained in I field using flight augers. The samples were tested using the U.S.

Table 9 provides the results of this laboratory testing.4 and 3/8 inch
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Carbonate ContefitTr

The calcium and carbonate [(Ca,Mg)CO.] content of soil is defined as the dry weight
of sample which is (Ca, as a percentage of the total weight of dry sample. To perform

this analysis each was oven dried and pulverized fine enough to pass a U.S. No. 60

sieve. After that the
carbonate mineral and
acid solution is
to determine an
of 7 samples of
Table 6 as a

Water Oualfiy Testing

A total of four water
P-7S, P-9 and P-11.
in Orlando for chemical
secondary drinking
of the chemical
q uality characteristics the site.

Generalized Soil

The results of the test
presented in Appendix
based on the driller's
in the laboratory. The
descriptions represent
location. While the
locations and for
subsurface materials
depths were
typically represents
typically represents

The results of our test

Depth Below Ground
Surface (Feet)
From To

materials retrieved from the site. The resulting values are presented in

ol total dry sample weight.

were retrieved from four of the monitor wells atthe study site, P-2D,

, was digested with excess hydrochloric acid to dissolve all the
the sample solution acidic after the reaction is complete. Next the

and the quantity of basic solution added to neutralize it is measured
CaCO. content. Carbonate content testing was conducted on a total

water samples were transported to Flowers Chemicals Laboratories
lysis to obtain total nitrogen, total phosphorous, and the primary and

parameters except for volatile organics and radionuclides. The results
are presented in Table 10. These data represent background water

AN.ALYSES AND CONCLUSIONS

for the field exploration are summarized on the soil boring logs
The boring proliles and related information presented in this report are
logs and visualexamination and classification testing of soil samples
eation between soiltypes shown on the logs is approximate and the
interpretation of subsurface soil conditions at the designated boring

anticipated and may be encountered. Surficial aqulfer water level
at each hole by the drilling crew at the time of drilling. The first reading

gs are representative of subsurface soil conditions at their respective
respective vertical distances, local variations characteristic of the

first visual evidence of water during SPT drilling while the second reading
water level in the open borehole after drilling has been completed.

ings indicate the following generalized soil profile:

Soil Description

Gray to brown fine sand with organic material and roots. Most of these
samples were calcareous to some extent as indicated by moderate.tg
slight reaction with hydrochloric acid. Standard Penetration Test N-

Values typically ranged from 4 to 25 in this zone.

Gray to brown calcareous silty to clayey fine sand. Standard Penetration
Test N-Values typically ranged from 10 to 30.

18
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to brown calcareous clayey fine sand with significant amounts of
and rock fragments. A solid rock layer, often associated with a
ation loss, was noted frequently (at variable depth) as were local
zones, again associated with partial or complete drilling circulation
s. Locally, a 3-to lGfoot thick layer of stitf gray to green/gray clay
documented within the proposed landfill footprint. Standard
ation Test N-Values were highly variable due to the presence of

but typically were not lower than 20.

calcareous clayey fine sand to sitty fine sand interbedded with

zones, again associated with circulation loss zones. Standard
ation Test N-Values were highly variable due to the presence of

ock but typically were not lower than 20.

The above soil protile outlined in general terms only. Please refer to the boring logs in

Appendix A lor more descriptions at each of the test locations and the soil profiles in

Figures4through6to trends and variations. As part of the laboratory classification of the
soilsamples, many were treated with hydrochloric acid to determine whether or not they
oontained calcareous . Virtually every sample tested did reactwith the acid, most reacted
strongly. Not all
boring logs.

were tested; consequently, this descriptive term was left off of the

$ite Specitu

The hydrogeological underlying the site consist of the surficial aquifer system, intermediate
Aquifer system $ -upper Hawthorn and lower Hawthorn-upper Tampa aquifer), and the

The available hydrogeological data indicate that the surficial aquifer isFloridan aquifer
typically less than 15 thick; however, two areas on the site have sand thicknesses greater
than 2O feet. These deposits are west ol Cow Pen Slough Canal (33 feet at TH€S) and
in the vicinity of the River on the east (2Q feet at TH-31). The transmissivity of the
surficial aquifer
transmissivities in the
central Sarasota These values prdOably are from thick shell bed deposits.

Surficial aquifer at the study site is controlled by the Myakka River to the east of the
property and Cow Pen Slough Canal on the western half of the property. East of the proposed

ial groundwater flows east toward the Myakka River. The surficiallandfill footprint,
groundwater beneath
east of the Canal. and

other half of the property flows west toward Cow Pen Slough Canal
toward Cow Pen Slough Canal west of the Canal.

Table 4 presents water leveldata measured at all monitor wells and statf gages on three
occasions (July 17, 18 & 19, 1990, December 6, 10 & 13, 1991 and February 17,1992). Figure

containing rock fragments. Solid rock layers, associated with
tion loss were noted lrequently (at variable depth) as were local

is about 100 tf. per day. Dueq__and Wolansky (1986) repo.rt
;ial aquifer ranglpg frgm 1,0@ to 1,8@ ff per day from three tests in

rr table elevation map of the site based on the July 1990 sampling
table elevations range between 9.3 and 19.97 feet (NGVD). Figure 8
rble elevation map of the site based on the February 1992 sampling
table elevations range between 8.9 and 16.6 feet (NGVD). Generally,
tor the July sampling than the February sampling reflecting differences
the wet and dry Seasons. Exceptions to this trend occur along Corv Pen

7 presents a high
information. The
presents a low water
information. The
water levels are
in water levels
Slough Canal. Water in monitor wells P-15 and P-16 are influenced by Cow Pen Slough
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Canal which is by a sluice gate approximately 1 mile below the southern property
boundary. This sluice
(between June 1 and

is maintained at elevation 7.0 feet (NGVD) during the wet season
1) and at elevation 11.0 feet (NGVD) during the dry season

(between October 1

near the Canal.
June 1). These fluctuations in water levels will impact the water table

Low permeability layers generally occur lrom elevation about +10 to -40 feet (NGVD) and

The Tamiami-upper aquifer is the uppermost part of the intermediate aquifer system.
:lhe top of the aquifer system is about 30 feet to about 40 feet below sea level and
the upper unit has an thickness of about 100 feet. The lirst transmissive zone is about
50 to about 75 feet sea level. The lower Hawthorn-upper Tampa aquifer is the lowermost
aquifer of the I aquifer system. The top of this aquifer ranges from about 190 to
about 22Oteet below level and ranges in thickness from about 200 to 250 feet.

The Tamiami-upper aquifer (Duen and Wolansky, 1986) consists of partially
of phosphatic marl, shell, sand and clayey sand, and thin beds of
Many lateral facies changes occur within the stratigraphic units. The

probably is on the order of 1,00O tf per day based on the
permeability and aqui thickness documented at TH-31. Duerr and Wolansky (1986) report
transmissivity, storage and leakage coetficient of 8OO tf per day, 0.OOO1 and 0.0002
fVday per tt, for a site near Venice. Duerr and others (1988) report a transmissivity

an aquifer performance test performed near the south edge ol the site.
at a depth of 87 to 205 feet below land surface.

of 2,400 tt'?per day

The Tamiami-upper aquifer at the site is recharged by downward leakage from the
overlying surlicial , upward leakage from the underlying lower Hawthorn-upPer Tampa
aquifer and inflow from adjacent areas. The water table ranges from less than 2 feet
below to 10 feet than the potentiometric surface in the Tamiami-upper Hawthorn aquifer.

have a wide areal
thickness with low

consolidated deposits
phosphatic limestone.
transmissivity of this

The test was

The potentiometric
the potentiometric

Well clusters at the
used to document

The site is within a broad region where beds 10 leet or more in
conductivity occur within 50 feet of the surface.

of the lower Hawthorn-upper Tampa aquifer is 5 to 10 feet lower than
of the Tamiami-upper Hawthorn aquiter unit.

respective locations (P-2S and P-2D, and, P-l45 and P-14D) can be
or downward gradients between the surficial and intermediate

aquifers. From T 4 it can be seen that the hydraulic gradients are both upward and
fluctuating upward and downward flow direction is typical of the region.
site (P-2) the hydraulic gradient was downward during July 1990 and

downward. This type
ln the north part of
February 1992 but during December 1991. In the south part of the site (P-14) the
hydraulic gradient upward during December and February. No data were available lor July
1990. The surface elevations of the artesian unit ranged between 13.16 and 15.87
feet (NGVD). The surface was higher in the north in December 1991 and slightly
lower in February 1

The deepest borings the site penetrate only the top of the Tamiami-upper Hawthorn aquifer
unit; therefore, this
below this depth.

does not incorporate site specific data in the artesian aquifers

The Floridan aquifer consists of the Upper and Lower Floridan aquifers separated by a
"tight" middle unit. The vertically continuous sequence of carbonate rocks of generally
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high permeability that ol Tertiary age, are hydraulically connected to each other in varying
degrees, and whose is several orders of magnitude greater than that of the rocks
that bound the system and below form the Floridan aquifer. The middle unit and lower
Floridan aquifer g contain saltwaier and are not used for potable supply even with a
desalinization system.

The Upper Floridan aq is a major source of fresh groundwater for most of southwest Florida;
however, in this area water is too mineralized to be used as potable water without use of a
desalinization system.
surface. According to

top of the Floridan aquifer is about 450 to 475 feet below land
Wolansky (1g8lil), the transmissivity, storage coefficient and leakage

ooetficient for the an aquifer in the Sarasota-Port Charlotte area range from 1@,000 to
0o to 1.7 x 10{ and 1 x 1o5 to 1 x 10€ tVday/ft, respectively. The500,000 Iflday, 1.1 x

potentiometric surface the Floridan aquifer is 10 to 15 feet above the potentiometric surface
of the lower Tampa aquifer according to Wolansky and others (1985). The
direction of flow in the aquifer at the site is to the northwest.

Duerr and Wolansky 986) report that the quality of water in the surficial aquifer and the
intermediate aquifer probably is acceptable for potable use away from the coast. Water
trom the Floridan system is used primarily lor agricultural purposes because it is too
highly mineralized lor use without desalinization. The artesian pressure of the various
aquifers generally
unit.

with depth except in the heavily pumped uPper intermediate aquifer

-14-

The total dissolved
conductance values of

aquiter at TH-31 (P
water of 50O mg/|.
wells except P-7S.
measured

in the groundwater of the surficial aquiler based on specific
from 16 monitor wells ranged from about 1@ to 1,900 mg/lwith an

average of 7OO mg/|. The specific conductance values ranged from 163 to 2,540
pmhos/cm with an and standard deviation of 944 and 559gmhos/cm, respectively. The

times 0.75 was used to estimate total dissolved solids. The Floridaspecific conductance
secondary drinking standard tor total dissolved solids is 50O mg/|.

The chemistry data the groundwater at the onsite monitor wells are summarized in Table
10. The total solids from the groundwater in the top of the Tamiami-upper Hawthorn

was 600 mg/|, which is slightly above the State standard for drinking
concentration exceeded the 0.05 mg/l drinking water standard at all
lead analysis was performed on an unfiltered sample; therefore, the
may not be representative of the actual groundwater because of the

possibility that the

Well Inventory

metals sample may have contained suspended particulates.

A well inventory was piled for the study site and a 1-mile perimeter around the study site.
D records were compiled forthe following sections in Sarasota County:Both County and
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resource assessment
through this research
the property. Three were locatedin Section 1 in the northeast corner olthe property. Well
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A total of 40 wells were
files and these are

A could be at a small
property. No well can

Well E is at the resi
presence of a windmill
(1989) reports this
Three wells have been
I was a flowing well
identified on the Dr.

There are three di
classical
no longer suPPort the
when the limestone is
unlikely that cavities
much more intensive
roof collapse. Any
so when it was
formation was not as as it is today.

The second tyPe of si
called a doline or
doline. Subsidence

fied through the use of the county and water management district
in Table tl. Ardaman & Associates, Inc. also interviewed various

ll in an etfortto identify other possible wells within the proper$. These
prepared by Dr. Hawkins, land owner to the north, and a cuttural
jareb Oy Pifer Archeological Research Inc. Possible wells identified
shown bn Figure 2. PossiOle wells were identified in five sections of

one-story residential building in the extreme northeast corner of the
be locat6d here. Well B wai a flowing well that was grouted up and

abandoned in June 1 Well C was identified on the map from Dr. Hawkins. One well (Well

r 1O south of the Class lll site. This well was also identified on the Dr.D)was identified in
Hawkins map. Two were identified in Section 3 in the north central edge of the property.

about these possible wells. Well(s) in the area of development will be located, if present,

and properly prior to any construction.

Potential for Sinkhole

in the out parcel north ol the property. Well F was indicated by the
animal watering station nearthe west edge of the landfill area. Piper

as a water-pumping windmill dating lrom the ca. 19O0 to 1920 pelgdt
dentified in Section 9 in the southwest part of the study proper$. Well

was grouted up and abandoned in June 1989. Wells G and H were

<in's map. Visits to the site could not locate any additional information

types of sinkholes which have developed in Florida. The first type. is the
whicn is generally steep-sided and rocky. lt occurs when a cavity can

ght of the overiying soil and rock. This type oJ sink generally ocguls
6r near the suriace and solution weathering is still very active. lt is

ancient rocks at great depth below the surface, which have undergone
llution weathering in the past, are large enough to cause a deep-seated
y which is large enough to have caused a roof collapse would have done
io the surface and the beam action or arching effects of the overlying

which is more common though not as dramatic as the collapse sink, is

n sink. There is no physical disturbance of the soluble_ rock beneath a

tne overtying soil oicurs due to gradual lowering of the rock surface
olution oi tedcning of calcium carbonate from the calcareous soils and

Seclions occupied partly or wholly1, 2, 3, 4, 9, 10, 11, 12,

13, 14, 15, 16

Sections around Pe.imetor of
prop€rty

and/or the gradual
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rocks which exists the ground surface and the underlying aquifer. The Florida
Geological Survey that this type of subsidence occurs at the rate of one foot every five
to sixthousand years. the water flows radially to the intersection of vertical joints where
the water enters the mass, the surface expression of the rock lowering or the leaching of
the soluble soil is a shallow depression located over the intersection of the joints.
ln some cases, the
as in the case of a

depression has the same shape as the original calcareous deposits,
bed which has dissolved or partially dissolved since deposition.

The third type of
erosion sink.
characteristics:

Limestones rlain by relatively pervious unconsolidated sediments, e.g. sandy soils.
present in the limestone.Cavlty

A water higher than the potentiometric surface in the underlying limestone.
A breach of limestone into the cavernous zone creating a point of high recharge
to the aquifer.

Under these water moving down into the limestone may take large amounts of
sediment into the system creating a void in the overlying sediment. When the void
in the overlying reaches the size where the roof is no longer stable, the overburden will
suddenly collapse. In cases, the overburden is visible after the collapse, but some sinks
of this type have in which the collapsed overburden disappeared into the cavity system.
In other cases, the subsidence of the ground surface is only six inches to one foot deep.

Because solutioning most active along fractures and joints in the limestone, it is desirable

-16-
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and probably the most common type of sink occurring in Florida is the
sinks most lrequently occur in an environment with the following

potential of a site to ascertain the location of these features. The
is of particular interest. When the limestone surface is buried under
not possible to directly map these features. However, they can be

ponds or variations in photographic tones (III lineaments). The primary
is southwest-northeast. All lineaments at the site are judged to be
for such a karst environment in Florida.

when studying the
intersection of two
overlying sediment, it
inferred from linear

order features -
direction of the
third-order features

expressions, 9.g., stream segments, alignment of ponded
depressions, of similar vegetation and topography, variations in photographic tones,
etc. These linear features are called lineaments.

Figure 13 presents a map of the study area. The lineaments were discerned from
aerial photographs topographic maps. These linear features were grouped as first through
third order features. these were as follows: first-order leatures - maior drainage
features (I lineaments ; second-order features - major tributary features (II lineaments); third-

The presence of surface features is only one of the factors which must be considered in
for sinkhole activity. Other factors include thickness of clay beds aboveassessing the

the limestone layers, head ditference between the water table and potentiometric
surface in artesian and groundwater pumping. lnterbedded, relatively impermeable silts
and clays are from about +10 to -40 feet (NGVD). As already documented, the vertical
groundwater flow fluctuates between upward and downward during the wet and dry
seasons, respectively Figure 14 shows the site in relation to the sinkhole regions in Florida. As
shown, the site is in the least probable area for sinkhole development in Florida.

Additionally, a inventory was performed for Sarasota County using the data base of the
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FloridaSinkhole lnstitute. Four"sinkhole" occurrences have been recorded in Sarasota
County. Two small occurred in Venice and were reported to have been caused by
processes related to and development and not from the previously discussed
geological processes.
Englewood. Finally, a

A third sinkhole, induced by well drilling processes, occurred at
sinkhole was reported at Sarasota Beach on Siesta Key. None of

these sinkholes are normal geological processes.

A total of 79 SPT
zones were
changes in values over a short vertical distance as opposed to any sinkhole related

-17-

were performed at the study site and no cavities or loose raveling
at any of the borings. The water loss zones represent significant

phenomenon. F
borings at the edge

ions are located on Figure 2 and the corresponding borings (l-H-42'
are presented in Appendix A and in generalized form on Figure 6 -

eollapse. These
TH-43, TH-37 and TH
cross sections l-l and
the depressional
typical ol sinkhole

ln summary, the past present geologic, hydrologic and geotechnical evidence indicates that
the conditions for the development of sinkholes do not exist at the site. Furthermore,

rkholes has been observed and recorded in the past in the area, nor do
any ol the aerial lraphs indicate recent sinkhole activity. (the shallow depressions at the

th6 result of long term dissolution of calcareous materials in the surficial
aquifer system.) lt is
extremely low.

opinion that the potential for sinkhole activity at the subiect site is

Borrow Material

re, two surface depressionalfeatures were evaluated by performing SPT
and within the depression to look for evidence of ancient sinkhole

respectively. No evidence of ancient sinkhole collapse was found at
investigated. The site does not have hydrogeological characteristics

areas.

site, there are many uses for borrow material, the largest of which is
final cover. Additional potential requirements for borrow material at

yey soil component of either a composite or double synthetic liner
subbase of the liner system; granular materials lor use in the leachate

tver of one foot of compacted earth in addition to the 6-inch initialcover
7 days if additional solid waste will not be deposited on top of the cell
completion. lnitial and/or intermediate cover is applied to minimize

safety, or health effects such as those resulting from birds, unauthorized
,dors, vectors or fires. Initial or intermediate cover generally consists of
fillthat is easily placed and compacted to form a lirm working surface for

no evidence of recent

site are, in our

At a typical Class I

for daily, intermediate
landlills include: the

to evaluate potential

day. An intermediate
must be applied
within 180 days of
adverse
wastes, blowing litter,
a non-organic

system; the
collection and systems; and protective soil cover for the liner. The following
paragraphs discuss availability and suitability of these materials at the subiect site.

Over 20 SPT borings perlormed along the edge and within the designated borrow areas
rs of borrow materials for use in coniunction with landfill operations.

Figure 15 provides
sections are shown

soil profiles within these borrow areas. The locations of the cross
Figure 2.

nitial And

lnitial (daily) cover is 6-inch layer of earth used to enclose a volume of solid waste prior to
er. Class I landfills must receive initial cover at the end ol each workingintermediate or final

equipment and Abundant quantities of near-surface sandy materials exist in the



I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I

Camp Dresser & lnc.
File Number 89-135

proposed borrow
through 7 shown on
soils (e.9., Strata 9 and
of the potential for
tt'reir poorer traction wet.

Final Cover

Finalcover is used to
must contain a
minimize infiltration. T,

membrane or the claY
ttrick overthe refuse.
protecting the
rnust also be
materials in direct
larger than 3/8 inch.

Strata 9 and 10, which
the most potential to
segregate these strata
(See further

Bottom Liner

The state rulesfor
landfills permitted
coniunction with
is comprised of two

The double
separated by a

-18-

that would be suitable for this purpose. Soils with strata Numbers 1

rre 15 can be used for daily and intermediate cover. The more plastic

0) generally should not be used for initialor intermediate cover because

r! l-eachat6 away from the leachate collection system and because of

a minimum water iransmission raid of 1 x iott cm/sec or less. The lower component of

the composite liner
conductivityof 1x1

of at least 18 inches of clay with a maximum saturated hydraulic
cm/sec constructed in 6-inch lifts.

r the top and sides of a landfill when fill operations.cease. Final cover
membrine, clayey soil, or chemicallyor physically-amended soil to

soil or soil that will iustain vegetative growth must overlay the synthetic
moonent of the final cover. The final cover must be at least 24 inches

e sbil used for daily and intermediate cover are suitable for covering and

liner or the clay component of the final cover. Flexible membrane liners

from physicil damage from above and below the membrane. All

t witn ihe liner must bl free of rocks, roots, debris, sharps or particles

occur sporadically above the bedrock layer are the site soils that have

)rve as i clay liner component of the final cover. lt may be possible to
luring dai[ borrow operations and stockpile these soils for future use.

below in the Excavation of Borrow Materials section).

Waste Management Facilities (F.A.C. Chapter 17-701) requirethat allnew
r August t,l99O have a leachate collection and removal system in
a co-mposite liner or double flexible membrane liner. A composite liner
rponents. The upper component is a 6Gmil or thicker synthetic liner with

liner option calls lor an upper and lower 6Gmil flexible membrane
ary leachate collection and leak detection system, with a minimum

of i.O x 1o€ mtAec, designed to keep the drainage layer lrom becoming
The lower geomembrane is to be placed directly on a sub-base which

construction must classify as a clayey sand or sandy clay in accordance
isification System (USCS) and typically needs to have a plasticity index

:ent. To achieve a saturat6O hydiaulic conductivity underfield conditions
the saturated hydraulic condrictivity under laboratory conditions should

hydraulic
completely saturated.
should be a minimum 6 inches thick and have a saturated hydraulic conductivity of less than

or equal to 1.0 x 10€

A protective soil
liner option.

of not less than 24 inches is required over the upper membrane of either

The soil needed for
with the Unified soil
between 20 and 70
of 10'' cm/sec or
be no greater than 5 10" cm/sec.

Bag samples were from severaltest holes to evaluate the potentialfor obtaining a clay

borrowwitha saturated hydraulic conductivity of 10-? cm/sec. Proctor, Atterberg Limits,



-19-
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
I
I

Camp Dresser & lnc.
File Number 89135

sieve analyses and test results were performed as part of this evaluation.

Modified Proctor D-1557) and Standard Proctor (ASTM D€98) compaction tests were
performed on
based on fines

tive samples of clayey soils with some potential for liner construction
The results of these proctor tests are presented in Figure 9 (one test

was also conducted on sandy soils from TH-A-S and TH-A€). Three types of clayey soils are
evident from the test data. Type I has a plasticity index of approximately 30 percent and
an optimum moisture
percent. These soils

from the Standard Proctor compactive etfort of approximately 20
not present in the proposed borrow areas. Type ll soils, which do

occur in the proposed areas, have a plasticity index of approximately 10 percent and an
optimum moisture from the Standard Proctor compactive effort of approximately 10
percent. Type lll soils, occurred only in TH-A-I, are more plasticthan the other tested soils
but were also not in the presently proposed borrow areas.

The fines content and indices of potential liner soils are presented in Table 6. The soil
with the highest for use as a liner material is Strata 9, a silty to sandy clay, encountered
sporadically just the bedrock layer within the proposed borrow areas (See, e.9., TH-52
lrom 11 to 14 feet). soil has a fines content of 76 percent and plasticity index of 15 to 20
percent. Permeability of this soil compacted wet ol optimum to the Standard Proctor
density indicated a hydraulic conductivity of 9 x 10€ cm/sec (See Table 9). Based on

recommended for use as the clay component of a composite bottomthe above, Strata 9 is
liner. lt is our opinion

dissolution of the

a source of suitable soilfor liner construction is not available within
at the site. lf a composite liner is selected for the landfill, soil for thethe proposed borrow

clay component will to be obtained from an otf-site source.

Under the landfill rule
leachate depth on the

the drainage layer over a composite liner must be designed to limit
during landfill operation to 1 inch except for one week following the

design 25year,
thick and shall have
promote drainage.

ln addition to the hydraulic conductivity, the chemical make-up of the drainage layer
is also important. In , only non+alcareous, inert granular soils are normally specified
for this layer to undesirable reactions with the landfill leachate. Soils with high
carbonate contents. example, can react with the leachate from the landfill resulting in possible

age layer and clogging of the underdrain system. Our evaluation of the
borings and testing of soil samples retrieved within the defined borrow areas indicate
that most of the clean sandy soils are calcareous to varying degrees, consequently we

use in the drainage layer. They may, however, be used as part of the
drainage layer.

do not recommend
protective soil above

Borrow materials for daily, intermediate and final top cover are available within the
Based on the available borings and laboratory testing, clayey borrow
as a soiltop liner exists within the proposed borrow areas, however,

designated borrow
potentially suitable for
these clayey soils not areally extensive and are typically encountered at deep depths
(between 16 and 3O below land surface). Careful management of the borrow areas would

storm event. The drainage layer over the liner will be at least 12 inches
hydraulic conductivity of not less than 1 x 103 cm/sec at a slope to

be required for the utilization of these clayey soils for a top liner. The clayey borrow
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would need to be and stockpiled for such use as necessary during excavation of daily
ahd intermediate cover. Additional investigation would be required to determine how and if this
concept could be cost effectively.

The presence of rock at the study site may also present excavation problems. Although
not continuous over entire site, rock layers were encountered at depths of less than 20 feet
and soil samples rock fragments and SPT "N-Values" greater than 50 blows per 12
inches were also quite at depths less than 20 feet. Several rock cores were retrieved
in the field and test data lor to these cores is presented in Table 8. Although classffied
as very poor rock, this may require blasting where its removal is necessary.

Borrow materials can
dragline, or in the dry,
consist of a perimeter

excavated from the designated borrow areas either in the wet, using a
scraper pans. The dewatering system lor excavating in the dry may
and one or more sumps. The sump discharge water would need to

landfill and foundation soils. Based upon the proposed landfill design
(Figure 3), the final landfill configuration will have side slopes of 5H:1V

placed at elevation intervals of 20 feet. This results in an overall

, high SPT "N-Values" (greater than 5O blows per 12 inches) were
to silty fine sand underlying the proposed landfillwas assumed to be

be placed in acceptable areas, e.9., in the stormwater retention ponds, to
rninimize potential environmental impacts.

Foundation Evaluation

Foundation analyses performed for the critical landfill cross section to determine the
structural integrity of
provided to us by
with 2O-foot wide
landfill slope of 5.7H:1 as measured from natural ground to the crest of the landfill (see Figure
16). The overallheight
below grade. Either a

the landlill will be 10O leet above grade and no refuse is to be placed
or double synthetic bottom liner system will be a part ol the

landfilldesign. A drainage net and geotextile filter fabric which together could comprise
the primary leachate ion and removal system are to lie directly above either liner scenario
to maintain the head close to the liner surface.

The soil profile several soil types directly beneath the landfill footprint. The surficial
soils, from O to 18 feet ground surface, are typically medium to dense sandy materials with
varying amounts of silt clay and have Standard Penetration Test "N-Values' ranging from 5
to 20. lt was assumed any unsuitable surficial organic or soft materials will be removed prior
to liner construction this materialwas not considered in the analyses. Underlying the sandy
surficial soils were silty clayey fine sands with significant rock and shell fragments and higher
Standard Penetration "N-Values", typically ranging between 15 and greater than 50 blows
per 12 inches. A stiff layer (average ol allStandard Penetration Test "N-Values" equalto 21)
with variable thickness 10 feet) was encountered at depths ranging from 18 to 40 feet
beneath a large of the landfill footprint, as were loosely consolidated rock layers. The
predominant material
Below a depth of 5O

the surficial soil deposits, however, is silty to clayey fine sands.

encountered. The
saturated (i.e. the table was placed atthe natural ground surface) and was given a buoyant
unit weight of 65 pcf a friction angle of 30p. A unit weight of 45 pcf and an angle of internal
friction of 26'was for the landfill refuse material.

The naturalground
competent and our
proposed waste fill

soils underlying the proposed landfillfootprint are very dense and
analyses document that they will provide adequate support for the

The critical element controlling stability of the proposed landfill is
the synthetic liner and drain system. The HDPE liner material is typically very smooth and
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has a much lower smooth liner
resulting in asurface is particularly

relatively high for sliding at the contact interface.

There are four basic interfaces in either bottom liner and underdrain scenario that need
to be evaluated. include: 1) HDPE liner to underlying soil, 2) HDPE liner to HDPE

drainage net,3) drainage net to geotextile and 4) geotextile to soil cover. After the final
made lor the liner and underdrain construction, we recommend that the
each of the interface materials be established by laboratorytesting of the

actual materials used construction. These data should then be used to refine the preliminary

stability analyses in this report.

angle than most earthen construction materials. The
;al at the interface of the liner with other geotextiles,

Based on a literature
have determined that
likely occur at the i of the HDPE liner with the HDPE drainage net. Reported values of
friction in the literature able to us indicate considerable variation, depending on materialtype
and manufacturer, our experience combined with a recent evaluation of a landfillstability
failure (Mitchell, Seed
of 8'is appropriate.

Seed, 1990 and Seed, Mitchell and Seed, 1990) indicate that a value

material selestions
coetficient of friction

We have performed
HDPE liner - HDPE
16. A minimum
minimum factor ol
entirely through the
types of analyses.

The totalfoundation
the 100-toot high
total load applied by
Test borings TH-1
and based on this
the stiff clay layer

Settlements within
by Peck and
the load necessary

Combining the

ew and our experience with similar lines and geotextile materials, we
critical condition of sliding (i.e., lowest coetficient of friction) will most

eliminary stability analyses including translational sliding failure at the
nage net interface and circular arc stability analyses as shown in Figure
of safety of 1.6 was calculated for the translational type failure while a
y of 2.6 was calculated for a circular arc type failure which passed almost

A lactor of safety of 1.5 is generally considered adequate for these

lnt resulting lrom the proposed landfillhas been predicted based on
landfill design and considering a refuse unit weight of 45 pcf. The

landfill at the maximum height will be 4,500 lb/ff. Standard Penetration
h TH-26 were used to establish conditions beneath the proposed landfill

it was concluded that only the shallow 18 feet of sandy soils and
the first hard layer will contribute to settlements.

upper 18 feet of sandy soils were calculated using the method developed
(1969). This method correlates Standard Penetration Test "N-Values" with
induce a f -inch settlement and then the actual settlement is calculated for

ing in a plasticity index of 21"/o. The present consolidation pressure
is approximately 2,10O psf and when the additional landfill load of 4,500

calculated for the two layers the maximum expected foundation
of the proposed landfill is 4 inches. This magnitude of settlement

the actual load This method results in approximately 2 inches of settlement for the
upper 18 feet of soils

The stiff clay layer evaluated for settlement potential using classical consolidation theory.
A laboratory test on an undisturbed sample of this clay resulted in a compression
index of 0.1 13 and a
content of the clay

pressure of approximately 7,000 psl. The naturalmoisture
approximately 131% and the liquid and plastic limits were 327V" and

106%, respectively
existing on the clay
psf is considered total stress on the clay will be approximately 6,6@ psf. Our calculations
indicate settlements 2 inches or less will occur considering a lO-foot thick clay layer.

settlement under the
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will not adversely the performance of the liner.

No adverse siting tactor is apparentfrom the geotechnical investigation that would
preclude use of the foraClassllandfilt.

Groundrrater lmpact

ln our opinion, the for measurable groundwater impacts resulting from construction of
a properly designed waste disposallacility on the site are extremely remote even on the site

rcent properties, for example, the MacArthur Reserve Tract. Certainly,itself let alone on any
rneasurable impacts, if , would be limited to the immediate vicinity of the landfill, i.e., within
20leet vertically and 1 feet horizontally of the liner.

A landfillon this site will be permitted if the County cannot provide reasonable assurance that
y groundwater standards will be met at the edge of the zone of
of the surficial aquifer directly beneath the liner and 100 feet adiacent

the primary and
discharge, i.e., at the
to the edge of the The FDER has developed very stringent design standards for landfill
liners and leachate ction systems. The most recent revisions to these design standards

or doutile liner systems beneath all Class I landfills. During the variousrequire either
revisions to the liner standards which have occurred in the past 5 years, the performance
criteria have evolved n an allowable leakage of almost 2 inches per year to less than 0.@3

liner etfectiveness, the liner design standard has evolved from one thatinches/year. In terms
was 80 to 90 percent to one that is better than 99.97 percent etfective in preventing the
movement of leachate the liner system.

As shown bythe water
the proposed Class I

impacts would occur
groundwater imPacts
separated from the
from the proposed

into the intermediate

maps contained on Figures 7 and 8, groundwater seepage beneath
ll is toward Cow Pen Slough Canal. Any predicted groundwater

and downgradient from the landfill. There is no potential for
nt lrom the landfill. For this reason, and because the site is

rur Tract by the Myakka River, there is no potential for groundwater
to reach the MacArthur Tract through the surficial aquifer.

e than 100feet ol clay confining units. lt is our understanding thatthe
the upper Floridan aquifer, the top of which is approximately 450 feet

The production zone the wells installed at the MacArthur Reserve is vertically separated from
the surficial aquifer by
MacArthur Tract wells
below land surface. rater in this deeper production zone naturally flows vertically upward

and laterally from the MacArthur Reserve toward the Walton Tract.
Although pumping reverse the gradient in the Floridan aquifer and across the confining

a drop of groundwater from the site would enter the production zonelayer, the probability
of the Upper Floridan on the MacArthur Tract within the next 10@ years is essentially

g Plan

The following ground
construction details ot
the proposed Class I
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Well Locations

The 14 proposed

located north of
7 and 8) that
oompliance wells
aquifer wells are
through the liner will
surficial aquifer from

Well Construction

The new monitoring
generally summarized
site to the top ol the fi
The top of the well
well screen length will
water is clear.

A schematic of
will be installed by
2-inch diameter No. 10
backfilling the annular
tamped bentonite seal
surface. Each of the
installed with a

,d approximately 5 feet below land surface. The minimum
installation, the wells will be developed untilthe pumped

presented in Figure 18. The 2-inch diameter wells
rter hole to the finalwell depth, inserting a length of

-23-

well locations for the site are shown in Figure 17. The plan shows 13

wells placed at approximately 1000-foot spacing along the perimeter

landfiil areas. The downgradient areas are defined by the water table
The down gradient positions are primarily along the west and south
along the east side ol the Class lll area. The same spacing was

landfills because the County in the future may want to convert a

ra to a Class I type landfill. The upgradient monitor well (MW-1) is
about 500 away.-The water table elevation data lrom the site (Figures

highest water table elevations are in this area of the site. The

J approximately 100 feet from the edge of the refuse. No artesian
ied because of the thick confining units and the fact that the leakage
such small quantities. At least 4O teet of clayey deposits separate the

zone of the intermediate aquifer system.

constructed using the guidelines provided in ASTM D-5092
the manner. A hollow-stem auger boring willbe drilled ateach
clayey The bottom of the well screen will be located at this depth.
willbe
5 feet.

well construction
a 6-inch
PVC pipe
with silica

the collection
wells will be

to a 2-inch diameter schedule 4O PVC riser,
above the screen, installing a one foot thick

backfilling with a neat cement groutto land
by a vented cap with a protective casing

The following perti hydrogeological data will be documented for each monitor well:
\

Total depth of \ell
Screen type andslot size
Lithologic descripli.on of the screened zone
Direction of groundwater flow in screened zone
Elevation at top of PiPe

o Well
o
o Aquifer
o Casing diameter
r Casing type and
e Elevation at land
o Elevation of top bottom of collection zone

Samplinq Protocol

Each well would be
submersible or
project plan as part of the conditions of the construction permit. The procedures for
sampling are as follows:

npled quarterly. Grab samples would be taken using a peristaltic,
pump or bailei in accordance with a site specific quality assurance

o Transport sample bottles and preservatives to the site as proviQed by the water
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analysis
Rinse, with
collection
brought to
Measure in
the well of

-2+

rratory certified for the specific analyses.
distilled water, the tubing or sampling device to be used for sample

avoid cross contamination if decontaminated or new tubing is not
field for each well.
water levelto the nearest.0l foot from the top of the casing. Purge

minimum of three casing volumes prior to sampling. (A casing volume
I by subtracting the water table depth lrom the depth of the well then
p volume within that length of casing.) Record water level at the start
ahd every 5 minutes thereatter. Guidelines for obtaining water level

bJe provided in Table 12.
sa,1n.ple and place into proper container o.n9" .T"Tyl:1111y?fY::

rnseiutive readings are essentially constant. Laboratory instructions
bottle, \uantity of sample, and preservative) must be followed carefully

.9., teflon, Ftc, steel)
> bottlewith wellidentification(s), finaltemperature, PH, conductivity, date

samples to water'analysis laboratory within 24 hours of sampling.

Department of Environmental Regulation.

is proposed lor the routine groundwater monitoring program:

Withdraw
from three
(e.9., type

Sample collection,
set forth by the

The following suite of

Field Determinations

Water
Temper
pH

o Specific

and . Reibfd ty-pes of materials that the water sample contacted during
collection
Label
and
lce sam
to water
Complete
Document
atwell in
from the
Transmit
The chain custody form to be used',is shown in Table 14.

and testing proceduies will adhere to the applicable procedures

o
o
o

's initials. 
"..down as soon bS the sample is obtained and prepare for transportation

lysis laboratory. 1
:ld note-taking as^r,per water sample log .sheet shown in Table 13.

le pump operating iime prior to collection of sample plus pumping rate
rris per minute. Anemaiively, documentthe casing volumes evacuated
prior to sampling. \.
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Total carbon
'.Total d solids

PH

The above physical

ilhe water levels
references should

Other monitoring is
document daily r
iFurthermore, staff
level fluctuations at
program should pr
at this site.

Initially this
\

water data should be compilqd on a monthly basis.

t\

precision of +0.1 foot land surface and 10.01 foot for the well casing.

Other Monitorinq

J dYical analyses should be documented quarterly.

\! be rdcgrded prior to evacuating wells lor sample collection. Elevation
.rde the tqp of the well casing and land surface at each well site at a

\. ^-
to mana$q the landfill system at this site. A raingage should

ln addition, tne qrbgrtities of lea-chate collected should be determined.
ishould be installed bpd monitored at least weekly to understand water
rds that have a surfacb. water outlet. This supplementary monitoring
the datalor optimum man-qgement of the landfilland stormwater systems
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TABLE 1

ol Mean Month$ Climatological Data

Month

BRRoeruroru 5 ESE MYexxn Rven Srnre Penr

F ecipitation
(inches)

Temperature

fF)
Precipitation

(inches)
Temperature

fF)

January 2.77 60.9 2.55 Not Available

February 3.03 61.8 3.08 Not Available

March 2.92 66.4 2.82 Not Available

April 2.O2 70.8 2.16 Not Available

May 3.24 76.0 3.84 Not Available

June 7.38 79.7 8.3it Not Available

July 8.82 81.2 8.43 Not Available

August 9.60 81.5 9.35 Not Available

September 8.45 BO.5 8.59 Not Available

October 3.10 74.5 3.37 Not Available

November 1.97 67.5 2.12 Not Available

December 2.37 62.2 2.17 Not Available

Totals 55.67 71.9 56.81 Not Available

Note: Mean ve

between
of temperature and precipitation are compiled from recorded data

years 1951 - 1980.
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TAB1E 2

Generalized Hydrog€ologb Units

SERIES SOUTTIERN FLORIDA.
ELEVATION AT

srTE (FEET NGVD)

Pleistocene and
Holocene

Undifferentiated Sediments
5 to 2or

Pliocene

Tamiami Formation

o
c

o

'GI

tr
E
ait

E

I
q)

(lt

l>l!)lcl
l8

Wabasso Bcds

Peace
River

Formation'

0'

0'
5 to -251

t)

i)
()

Upper

Middle

[.ower

Arcadia

Formation'

-25 to -450'

Oligocene Suwannee Limestone

-450 to -1300+

Eocene

Ocala Group

Avon Park Formation

Reference: * Scott. 1988

t Phase I boring data
f Wolansky, 1983
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TABI-E 4

WaterTable Elevations

STATONI

NO.

ELEV/
OF TC

RISH
Sf,AFF I

FTN

lloN
roF
OR

AUGE
il/t))

JULY lgN DECEMBER 1991 FEBRUART 17, 19

DEPTH TO
WATER

FEEr)

WATER
EI-EI/ATION
(Fr NGVD)

DEPTH
TO

WATER

FEEr)

WATER
ELEVAIION
(Fr NGVD)

DEPTH
TO

WATER

FEEr)

WATER
ELEVATION
(Fr NGVD)

P-1 21 t0 7.U2 14.28 9.40 11.90 10.48 10.82

P.2S 2 t3 4.45 18.38 8.04 14.79 7.s6 15.27

P.2D 2 2 7.97 14.65 6.75 15.87 9.46 13.16

P3 n f9 4.24 16.55 6.70 14.09 7.U 13.75

P4 23 B 3,9s 19.08 6.s6 16.47 7.51 15.52

P-5 24 t6 4.19 19.97 7.U2 17.14 7.70 16.46

P6 23 t3 4.72 19.21 6.98 16.95 7.55 16.38

P.7S 23 /3 4.54 19.19 6.73 17.00 7.12 16.61

P-7c,2 23 M 13.94 9.90 18.ff1 5.81 13.40 10.44

P€ 18 25 4.08 14.17 6.57 11.68 7.2 11.03

P-9 1t /t5 5.45 13.00 7.n 11.18 8.75 9.70

P-10 z 27 2.97 19.30 6.85 15.42 7.72 14.55

P-11 x 55 3.2 17.33 6.29 14.% 6.89 13.66

P-12 a, 21 3.00 19.21 5.52 16.S' 6.(r2 16.19

P-13 1! 70 4.39 15.31 6.11 13.59 7.55 12.15

P-1/tS A x; 5.25 15.01 7.13 13.13 8.&t 11./lil

P.14D A 30 3 5.70 14.60 6.85 13.45

P-15 z, 84 14.50 9.34 13.12 10.72 13.15 10.69

P-16 2 .78 12.30 9./A 1 1.19 10.59 11.32 10./+6

SW.B1 1 92 4.n 8.72 2.10 10.82

SW-82 z .54 3 s.60 16.94 DRY

sw-83 1 .36 5.40 9.96 s.60 9.76

sw-84 1 ./|J 3 DRY DRY

sw-85 1 .00 4.10 8.90 2.m 11.00

SW.B6 1 .87 5.60 9.27 6.00 8.87

sw-87 2 .63 4.40 17.23 DRY

P - monitor wefl location; SW - staff gauge location
Monitor well is damaged - appears to be plugged to elevation -8.1

Monitor well or staff gauge not installed at time of sampling.
ft NGVD.
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TABLE 5

Water Quality Data
(Coflected illglsJ)

WE-L
M).

E

(

I

.EVATION
:TOP OF
RISER

:T NTJI'DI

WATER
ELEVAIION
(Fr NGVD)

pl-l
@NDI.,STMW

0Ml{OS/crn)

SAUNTTY
(ppt)

TEMP.

fc)

P-1 2't.30 14.28 6.81 630 0.10 23.s

P-2S 22.83 18.38 6.50 650 0.20 26.5

P-2D 22.62 14.65 6.90 990 0.50 24.2

P-3 20.79 16.55 6.65 1410 0.80 26.8

P-4 23.03 19.08 6.60 630 0.20 26.0

P-5 24.16 19.97 6.71 920 0.30 25.5

P€ 23.93 19.21 6.49 1 490 1.00 25.5

P-7S 23.73 19.19 5.38 163 0.00 25.6

P.7D' 23.84 9.90

P€ 18.2s 14.17 5.64 232 0.00 26.s

P-9 18.4s 13.00 6.40 2540 1.40 24.7

P-l0 n.27 19.30 6.39 1 190 0.20 26.5

P-11 20.55 17.33 6.63 750 0.20 27.5

P-12 22.21 19.21 6.09 10@ 0.10 26.9

P-13 19.70 15.31 6.64 710 0.00 25.s

P-145 20.26 15.01 6.60 720 0.00 25.1

P-14D, 20.30

P-l5 23.84 9.34 7.25 1 090 0.40 26.2

P-l6 21.78 9.48 6.80 980 0.30 25.3

onitor well is damaged - appears to be plugged below elevation -8.1 ft NGVD.

onitor well ndt installed at time of sampling.
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TABLE 8

Summary Of Rock Core SamPles

TEST
HOLE

FUGH
NO.

DEPTH
(fe€t)

ROD'
%

9o
MPa

ROCK ITASS RATING-

TH-31 1 26+31 10 1.92 Very Poor

TH-31 2 31-36 13 2.53 Very Poor

TH.31 3 36*41 0 Very Poor

TH-31 4 41 -+ 46 38 1.54 Very Poor

TH-31 5 46 -. 51 10 Very Poor

TH-56 1 21.5 + 26.5 68 N/T NiT

' RQD = Tota

Geomechanir
No sample lc

N/T Not tested

Lenqth of Sample Pieces 4 inches or Lonqer x 100%

Distance Cored
s Classification System
rg enough to be tested
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TABI.E 9

'est Resulb Of ShellAnd Rock In Bonow Samples

TEST
HOI-E

SAT/IPLE
NUMBER

SAfilPLE
DEPIH
(bd)

PERCENT BY DRT
WEIGHT I.ARGER

TI-|AN 3E ir

PERCENT BY DRY
WEIGHT I.ARGER

TFIAN NO. 4 SIEVE

PERCENT BY DRY
WEIGHTSMAI.IER
TI-IAN NO 4 SIEVE

TH.l9 BS #1 13-16 2.O 6.0 94.0

TH-19 BS #2 16 19 0.4 1.2 98.8

TH-19 BS #3 19 -+ 23 1.7 3.5 96.5

TH-41
BS #1
BS #2

18-- 20
2o-23 0.9 2.7 97.3

TH-44
BS #1
BS #2

11 r 14
14+17 0.9 2.O 98.0

TH-48
BS #1
BS #2

13+16
16+19 0.3 0.9 99.1

TH-48 BS #3 19 + 22. 2.1 4.7 95.3

TH-57 BS #1 11 + 14 4.8 10.0 90.0

TH-57 BS #2 14 -+ 17 6.0 12.4 87.6

TH€9 BS #1 8-r12 0.2 1.1 98.9

TH€9 BS #2 12-17 0.5 1.8 98.2

TH-69 BS #3 17 +2. 0.8 1.7 98.3



I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I
t
t
I

PARAMET

TABLE 10

Summary Of Water Chemisty Data

R
UNTTS OF
MEAS}URE

MCL

MINIMUM
DETECNON

LEVEL

MONTOR WEt_ NO.
sArrPtED 7l19lgt

P-2f' P-7S P€ P-11

FIEU) MFISTJREMEh is

Wat€r Elwalior FT NGVD 0.01 17.75 ?2-14 15.90 20.33

WderTemper€ uro oc 0.1 24.2 25.6 24.7 n.s

Conductanca rmhos/cm 1 990 16i(l 2W 750

pH (Field) Std. Units 0.01 6.90 5.38 6.40 6.63

pH (Lab) Std. Units 0.o1 7.23 5.00 6.20 7.49

Sampling Metl. )d (see Note) PP PP PP PP

Filtered (Field, ab, No) NO NO NO NO

PRIIIARY DRINI(NG VATER STANDARDS

lnorqanic Conr :ituents

Arsenic, s mg/l 0.05 0.0005 ND ND 0.00s2 ND

Barium. I a mg/l 1.0 0.01 ND ND ND ND

Cadmiun cd mg/l 0.01 0.m1 0.004 ND 0.008 ND

Chromiu LCT mg/l 0.05 0.00s 0.006 0.010 0.017 ND

Lead, Pt mg/l 0.05 0.01 0.11 0.92 0.17 0.07

Mercury, Hg mq/l 0.0s2 0.0092 ND ND ND ND

Nitrd€, € ;N ms/l 10.0 0.01 0.26 0.53 0.91 0.s6

Seleniun Se ms/l 0.01 0.0005 ND ND ND ND

Silver, A ms/l 0.05 0.005 ND ND 0.006 ND

Oroanics

Endrin $gll 0.2 0.001 ND ND ND ND

Lindane rcll 4 0.0005 ND ND ND ND

Msthory ;hlor pgll 100 0.01 ND ND ND ND

Toxaphe te rgll 5 0.1 ND ND ND ND

2,4-D vgll 100 0.005 ND ND ND ND

2,4,'-TP Silvex vgll 't0 0.092 ND ND ND ND

Note: ND - Not C )tected; PP - Peristaltic Pump.
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TABLE 10 - Continued

Summary Of Water Chemisnry Data

R
UN]TS OF
MEASURE

MCL

MINIMUM
DETECNON

LEVE-

MONITOR WELL NO.
SATTPLED 219/90

P-2ft P-7S P€ P-l1

SE@NDAFIT DRINKII G WATER STANDART}S

Chloride, Cl mg/l 2fi 0.01 106.50 36.76 72.11 82.51

Color PCU 15 5 ND 65 150 150

Copper, Cu mg/l 1.0 0.005 0.014 0.008 0.034 0.012

Fluoride, F mg/l 2.O 0.005 0.759 0.089 0.136 o.%2

lron, Fe mg/l 0.3 0.01 0.16 5.15 il.N 0.60

Manganes€, M mg/l 0.05 0.m5 0.007 0.00s 0.925 0.0't6

Odor TON 3 1 ND ND ND ND

sulfate, soo mg/l 2fi o.2 rA.5 12.9 1361.9 2..0

Surfactants mg/l 0.5 0.1 ND ND ND ND

Total Dissolvet Solids. TDS mg/l 500 2.5 604.2 180.0 2477.3 459.1

Zinc, Zn mg/l 5.0 0.001 ND ND ND ND

OTHER PARAMETEH

Calcium, Ga mg/l N/A 0.1 94.4 8.3 &1.4 90.5

Magnesium, [V mg/l N/A 0.01 20.60 6.01 20.30 8.71

Nitrite, as N mg/l N/A 0.01 ND 0.01 0.02 0.14

Sodium. Na mg/l N/A 0.002 83.500 6.450 46.700 51.200

TotalAlkalinity as GaCO. mg/l N/A 0.'l 141.0 112.7 186.1

Total Kieldahl litrog€n mg/l N/A 0.1 1.0 1.4 1.5 1.8

Total Phosphc 'ous mg/l N/A 0.1 o.2 0.4 0.3 1.0

Turbiclity Nru N/A 0.0s 2.5 6.0 27.O 5.9

Note: ND - NOt D ltected; PP - Peristaltic Pump.
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TABIE 11

Well lrventory
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l.ro.

sEnoN-
ToWTrlSf[P-

RANGE
OIVNER DATE

DEPTH

FETI

CAST\|G

t,SE. QUANITTYDt"
Ga)

DEPTH

FET)
3-3a-s-19F P Ferrara 72 3 3C Damaclin

21 $s89198 Mike Walton 110 4 54 Inigation

92 ffi$l9E Structural Concepts t60 4 50 Domestic

41 &38919E Palmer Ranch 1988 180 4 80 Domestic - 15OO GPH

5r 8€8919E Mel Hoehstecher Ax} 4 73 Test

61 11€&9198 Paul Richmond 4 Oomestic

71 1$38919E H. Jones 87 3 42 Domestic

81 1S38919E Austin 80 3 42 Domestic
gl 1$38919E Bichard C. Austin 81 3 63 Domestic

1ol t$38919E Stephen Tehns 80 3 38 Domegtic

111 r7€8919E A. E. Gingerich 105 4 35 Domestic

12r 20€8919E Porrenecchi sl 3 32 Domestic

131 2038919E Fiore Construction 71 3 46 Domestic

141 21€&919E Derly 76 3 42 Domestic

151 21€8919E Bill Smith 4 Domestic

161 213&919E Beacom 1't0 4 50 Domestic

171 2138919E Michael Biook 8r3 3 42 Domestic

181 21€89198 M. Brock & S. Zukowdki 90 4 38 Domestic

192 21€8919E Sarasota Co. 1988 18oO I 1200 Monitor

20r 21€8919E Diversified Drilling Cop. 147 4 65 Domestic

211 21€8919E Diversified Drillins Corp. 2 Monitor

d 22€8919E SWFWMO 19q' 40 4 30 Monilor

28 22€8919E SWFWMD 1983 350 6 300 Monitor

242 22-38919E SWFWMD 19€[t 600 8 450 Monitor

251 2338919E H.M. Hallmark 58 3 42 Domestic

2e 2438919E Sarasota Co. 1985 50 6 50 Test- 3X) GPH

271 18-38920E SWFWMD 425 4 410 Monitor

2gl 18€8920E SWFWMD 67 6 Q Monitor

291 33-37919E Tom Monieaham Domestic

303 3.3-37$19E C. Hawkins 1966 1@ 2 N Inigation - 3,600 GPH

31 t 3437919E Albritton Fruit Co.
Hi Hat Ranch

600 12 379 lnigation

s* 3437919E Albritton Fruit Co.
Hi Hat Ranch

1987 747 12 362 lrrigation - 120,000 GPH

333 32137919E Albritton Fruit Co.
Hi Hat Ranch

1988 8(x) 12 350 lrrigation - 120,0m GPH

343 3437919E C. Hawkins 1966 100 2 40 lrrisation - 3.600 GPH

351 3537$19E Swearingen 155 3 47 lnigation

36' 3537919E Carl Geist 108 4 50 Domeslic

37t ffi7919E Chris Oten 100 4 u Domestic

3g' 3&37$19E Jeko l. Hilary 2Q 4 98 Domestic

393 36€7919E L Hawkins 1965 TI 44 3.MO GPH
I

I
I

Note

40 Nat Avril B Hawkins I q66 6ru 6 54 lrriaelion - 18 ffXl GPH

Data lrom SWFWMD
Datalrom SWFWMO
Data lrom Sarasota (

d Sarasota Co. files.
files.
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Measured
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Weter Level
from Top of
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(feet)

Distanee from
Top of Well
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Surfaee
(feet)

Ground I Groundwater
Surfaee I Elevation
(feet) I feet (NGVD)



TABLE.13

.ONITOR 'JE],L JAMPLIIIG D i .-t?-F-It \)ttE!..i.

i ENT:
TE(^T.

D VATER €A}IP'E

JA}TPLIIIG LOCATICN:
;ATE SAITPLED

FII.E IiO. :

SAI{PLED tsY:

-,,IAI{ETER OF VELL:

SURFACE VATER SA}.IPLE

ER LEVEL i.EADIT{GS

EST. VOL. OF VELL:

A],[PL i NG EQU IF}tElIT
ET I\TN

USED:

OTHER

A}ID VELL DATA
(]ROUND SURFACE ELEV. :

F? FI'

GROUND ''JATER ELEV. :

GALS. :r 3 =

AND SAMPLIUG DATA
PH PROBE

GALS.

IMDEL

IIOTES:
coloR, g:,tELL,
tr l\-.

VATER QUALITY
I I'fETER USED:

I mrrrn cer. cffiTT
TI

EECIFIC COI{DUCTA}ICE },tE

|TER cAL. CHECK: TII{EI TIUE

7
7

A NOTES:

CAL. SOLUT IOII
CAL. SOLUTION

I'{ODEL XO.
USED
USED

--f l t
I'J I f\L

F-+ ,\.t Atr.Jl.lrtlLJ.
FUUPED

I
I
I
1

|ltr usED FoR PURcTNG v
I'MP,/BAILER USED FOR SA
bAT,IPLE TAKE}I DATE./TIITE:

rEr{. LAB. DOrtrG TESTInG:
]urLE COSTA I trERS: TYPE,

CONDUCTANCE
lJ I'tltOS

FH ISALI}TITY

ER QUALITY SAI.TPLISG DATA
GALS. PURGED BEFORE 5AUTLIilG

SAITPL ING RATE
SAI,fPLED BY:

SAUPLE NA}TE OR KlT NO.
. , AND SIZE:

DATE AND TII.TE SA}TPLES DEL. TO LAB.
TErdP. c SALIIITY

SIII{PLES ON ICE: YES

lsro DATA: PH T
THER TEST,ZNOTES:

Arrt-uan aad Aseoc;j-atesr Inc.
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FIGURE 13
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MATERIAL UNIT
WEIGHT

pcf

EFFECTIVE
COHESION

psf

EFFECTIVE
FRICTION

ANGLE

1 REFUSE 4s GOTAL) 0 26"

2 HDPE UNEF/DRA}IAGE
NET F{TEFFACE

0 8'

3 CI.AYEY TO SILTY
FINE SAND

6s (SUBMERGED)
13o CTOTAL)

0 30"

I 

oVERALL sLoPE

5.71'oE=t-

@) NATUFAL GROUND sotLs
(ct-AYEY TO SILTY F|NE SAND)

FACTOR OF
SAFETY=1.6

€) HDPE LINER/DRAINAGE NET
INTERFACE

FACTOR OF
SAFEIY = 4.3

rux)
?00

FEET

IflE Ardaman & Aseoclates, Inc.
Cmuhing Enfmcc in Soil Mtdraia,

HTDROGEOLOGIC SURVEY
SARASOTA CEhITRAL

COUNTY I.ANDFILL COMPLE(
SARASOTA COUNTY, FLORIDA

STABILITY ANALYSES

FGTJRE 16




