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) ) File Number 95-51-9051
Geotechnical, Environmental and
Materials Consultants

Envisors, Inc.
P.O. Box 9309 :
Winter Haven, Florida 33883-9309

Attention: Mr. Douglas Darden, P.E.

Subject:  Evaluation of 44-Acre Site for Potential Use as Low Permeability Soil Liner for Phase
Il Lined Expansion of North Central Sanitary Landfill, County Road 540, Lakeland,

Florida

Gentiemen:

As requested, we have completed an evaluation of certain native ground subgrade material at
the 44-acre Phase [l site area with regard to its potential use as clay liner material for the
proposed Phase Il lined expansion of the Class | municipal landfill area, at the North Central
Sanitary Landfill complex. Samples for testing were obtained from 10 borehole locations at the
site. The boring location plan is shown in Figure 1. The boring log profiles are shown in Figures
2 through 4. Representative samples were selected for Standard Proctor compaction tests,
laboratory permeability tests, and determination of Atterberg limits, fines content and natural
moisture content. The results of these laboratory tests and our recommendations are presented
herein. This study was prepared in accordance with generally accepted geotechnical
engineering practice. No other warranty, express or implied is made.

Low Permeability Soil Liner Requirments

For a sail to satisfy this project’s requirements for the clayey soil component of one of its liners,
the saturated hydraulic conductivity (coefficient of permeability) of the compacted soil must be
equal to or less than 1x10™ cm/sec. Furthermore, the soil must be compatible with the landfiii
leachate as demonstrated by the absence of change in the hydraulic conductivity of a saoil test
specimen when permeated with leachate similar to that which will contact the liner material.

Index Properties

The results of the moisture content and fines content (i.e., soil fraction by dry weight finer than
the U.S. Standard No. 200 sieve size) and Atterberg limits testing indicated the following

conditions: :

Moisture Content

The as-received moisture content (ASTM D2216) determined on 5 samples over the depth
interval of 6.0 to 15.3 feet below land surface varied from 13.0 to 18.9 percent. In general, the
moisture content of the samples increased with depth. A plot of the moisture content of samples
vs. the depths from which they were retrieved is shown in Figure 5. The average moisture
content of the soil samples was 16.6 percent, by dry weight.
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The fines content (ASTM D1140) determined on 10 samples over the depth interval of 6.0 to 15.3
feet below land surface varied from 19.5 to 46.5 percent, with an average fines content of 33.9
percent. There was no apparent correlation between the fines content of the samples and the
depths from which they were retrieved. A plot of the fines content of samples vs. the depths

from which they were retrieved is shown in Figure 6.

The results of the moisture and fines content of selected samples are presented in the following

table.
"'SAMPLE DEPTH MOISTURE . " 'FINES CONTENT
o CONTENT [% passing U.S. 200

. _ . [feet] [%] sieve]
TB-9/5 6.0-6.3 o - 34.-2f |
TB-9/8 8.5-88 - 36.3
TB-9/9 9.0-93 15.8 -
TB-9/13 12.0-12.3 - 19.5
TB-9/14 13.0-13.3 18.9 -
TB-10/8 65-68 - 34.5
TB-10/10 85-88 16.3 -
TB-10/11 9.0-93 - 33.3
TB-11/8 6.0-6.3 13.0 -
TB-11/9 70-7.3 - 28.5
TB-11/12 10.0 - 10.3 - 39.2
TB-15/10 14.5-14.8 - 24.6
TB-15/11 15.0 - 15.3 18.8 -
TB-16/08 85-88 - 426
TB-16/12 11.5-118 - 46.5

Atterberg Limits

The Atterberg limits (ASTM D2487) were determined from 5 samples over the depth interval of
6.5 to 15.3 feet. The liquid limits ranged from 21 to 43 percent with an average of 30 percent.

The plasticity index ranged from 8 to 29, with an average of 15.
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The results of the Atterberg limits of selected samples are presented in the following table and
are shown in Figure 7.

ATTERBERG LIMITS
LL PL PI
Lo [%] [%] 1 [%]
R 32 16 16
TB-9/14 13.0 - 13.3 26 18 8
TB-10/10 8.5-8.8 43 14 29
TB-11/8 6.5-6.8 21 13 8
TB-15/11 15.0 - 15.3 29 15 14

LL= Liquid Limit PL= Plastic Limit Pl= Plasticity index

Standard Proctor Compaction Tests

Standard Proctor compaction tests (ASTM D 698) were performed on samples retrieved by
mechanical auger (MA) borings performed in the immediate vicinity of SPT borings TB-9 and TB-
15. Results of the Standard Proctor tests are summarized in the following table. The fines
content and in-situ moisture content associated with each proctor test were determined from soil
samples collected from the associated SPT boring, within the same vertical reach as the soil
samples collected for the Standard Proctor test. The results of the compaction tests are plotted

in Figure 8.

A summary of the proctor compaction test results, and other pertinent information are contained
in the following table.

- FINES: |
CONTENT |

e | o

TB-9A 7.0-115 114.4 12.7 15.8

36.3
TB-15A 13.5-17.5 109.0 17.2 18.8 246 29 15 14

v4 = Maximum dry density based on Standard Proctor Test

As can be seen from the table above, the in-situ moisture content of the potential borrow soils
is slightly higher than the Standard Proctor optimum moisture content. This is a desirable
characteristic in terms of soil placement and compaction.
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Permeability Tests

Permeability tests were performed, with tap water, in general accordance with ASTM D 5084 on
fine grained compacted soils, collected from MA borings TB-9A and TB-15A. Permeability tests
performed with leachate, obtained from the existing landfill, were also performed in general
accordance with EPA 9100. The compacted soil densities, molding moisture contents and fines
contents are shown along with the saturated hydraulic conductivity of the samples. Permeability
tests performed on samples are shown in the table below.

" "BORING . | PERMEANT | ~SAMPLE MOLDING FINES HYDRAULIC
; | DEPTH CONDITIONS CONTENT | CONDUCTIVITY
L : Yy @ ‘
= ) = S B [feet] [pCf] ‘[o/o]’ [°/o] [cm/sec]
TB-9A WATER 70-115 | 1116 | 111 33 5.5 X 10°
ASTM D5084
TB-9A WATER 70-115 111.0 13.3 32 15 X 10"
ASTM D5084
TB-15A WATER 135-175 | 1062 | 171 28 12 X 10°
ASTM D5084
TB-15A WATER 135-175 | 1053 | 176 27 93X 10°
ASTM D5084
TB-9A LEACHATE 70-115 | 1110 | 133 32 58 X 10°
EPA 9100
TB-15A LEACHATE | 135-175 | 1063 | 187 27 8.1 X 107
EPA 9100

¥4 - Molded dry density at the associated moisture content
o - Moisture content by dry weight

Each sample was thoroughly homogenized prior to preparation of the permeability test
specimens. The test specimens were then prepared at molding moisture contents from
approximately optimum to 2.0 percent above optimum moisture content. The first permeability
test performed on the sample collected from TB-9A was slightly different from the remaining
samples, in that it was molded at a moisture content which was 1.5 percent below optimum.
Test specimens were tamped in four equal thickness lifts in a 3.57 cm diameter by 8.0 cm long
rigid steel mold to dry densities equalling or less than the Standard Proctor dry density at the
corresponding molding moisture content. The test specimens were then extruded from the mold,
mounted in a triaxial-type permeameter, encased in a soil membrane, and isotropically
consolidated under effective stresses of 6 Ib/in® with backpressures of 92 to 94 Ib/in®. Adequate
saturation of the specimens was confirmed by measured B-factors exceeding 95 percent. The
quantity of flow into and out of each specimen was recorded with time, and the tests were
continued until a relatively constant hydraulic conductivity was measured, and the ratio of the
outflow to inflow was in the range of 0.75 to 1.25, in accordance with ASTM D 5084.

The results of permeability tests performed on samples retrieved from the 44-acre site indicate
that these selected soils are capable of achieving a hydraulic conductivity less than 1x10°°
cmy/sec when properly homogenized, moisture-conditioned, and compacted.




Envisors, Inc. -5-
File Number 95-51-9051 Revised September 6, 1995
August 24, 1995

Cut and Fill Considerations

We estimate that on the order of 40,400 cubic yards of in-place compacted clayey soil fill are
required for the low permeability soil liner. The actual quantity will need to be determined from
final design drawings. Above the base grade elevation, we estimate that up to 23,000 cubic
yards of in-place clayey soils are available for borrow and use in the liner construction. Sufficient
additional clayey soils can be excavated from below the base grade as make-up borrow material
for liner construction, however, excavations should not be allowed below elevation 100 feet, MSL.
Base soil excavations must be replaced with compacted soils which meet the project’s
requirements for compacted base grade.

The above quantities are only estimates of available in-place material and do not take into

account waste and shrinkage resulting from earthwork operations. The contractor must make
appropriate adjustments for waste and shrinkage in determining his cut and fill quantities.

Summary and Implications

It is our opinion that a sufficient number of index tests, which include percent fines, Atterberg
limits and moisture content determinations and laboratory hydraulic conductivity tests, have been

completed to-date to indicate that the select clayey sands from the 44-acre expansion site, when
properly homogenized and compacted at the approprlate ‘molding moisture content, can
consistently achieve hydraulic conductivities less than 1x10° cm/sec. Specifically, the results
of our analysis show that the selected cohesive soil layers demonstrate permeablllty values,
whose 98 percent upper bound confidence fimit was calculated to be 1.7x10® cmy/sec.
Accordingly, our analysis demonstrates that the select cIay soil source layers will attain a
laboratory permeability which is equal to or less than 1.7x10° cm/sec. when compacted to 97
percent of the Standard Proctor maximum dry density at optimum m0|sture content. Therefore,
it is our opinion that the subject soils may be used to construct the 1x10”° cm/sec. clayey soil
barrier layer component of the bottom liner of the proposed Phase Il Class | landfill expansion,
at the North Central Landfill Complex. Select fill for the compacted low permeability soil liner
should be compacted to at least 98 percent of the Standard Proctor maximum dry density (one-
point test) at molding water contents in the range of optimum to not greater than 3 percent
higher than the Standard Proctor optimum moisture content (ASTM D 698).

Closure

The analyses submitted in this report are based on the data obtained from ten (10) SPT borings

performed at the locations indicated on the attached Figure 1. This report does not reflect any
variation which may occur in-between the borings, the nature and extent of which may not
become evident until during the course of construction. [f variations then appear evident, it will
be necessary for you to engage our firm to re-evaluate the recommendations of this report, on
the basis of pertinent on-site observations made by us during the construction period, wherein
the characteristics of any variations are noted.

When the final design and specifications are completed, we would like the opportunity to review
them in order to determine whether changes in the original concept may have affected the
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validity of our recommendations, and whether these recommendations have been implemented
in the design and specifications.

The recovered soil samples are available for examination at our Bartow office. Unless otherwise
instructed in writing, the soil samples will be discarded 60 days after the issuance of this report.

It has been a pleasure assisting you with this phase of your project. If there are any questions
or when we may be of further assistance, please contact the undersigned at (813) 533-0858.

Homeq J1

Thomas J. Leto, P.E.
Vice President
Florida Registration No.12458

Very truly yours,
ARDAMAN & ASSOCIATES, INC.

oh ~ Eduar(d\o P.E.
Semor PrOJc—%ctéEngmeer
Florlda Reglstratlon No. 33318

5
“Jo
Jose
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Enclosures
B5\95-9051.RV1

(7 \ Ardaman & Associates, Inc.
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IMPORTANT INFORMATION ABOUT YOUR GEOTECHNICAL -

- ENGINEERING REPORT

As the client of a consulting geotechnical engineer, you
should know that site subsurface conditions cause more
construction problems than any other factor. ASFE/The
Association of Engineering Firms Practicing in the
Geosciences offers the following suggestions and
observations to help you manage your risks.

A GEOTECHNICAL ENGINEERING REPORT IS BASED
ON A UNIQUE SET OF PROJECT-SPECIFIC FACTORS
Your geotechnical engineering report is based on a
subsurface exploration plan designed to consider a
unique set of project-specific factors. These factors
typically include: the general nature of the structure
involved, its size, and configuration; the location of the
structure on the site; other improvements, such as
access roads, parking lots, and underground utilities;
and the additional risk created by scope-of-service
limitations imposed by the client. To help avoid costly
problems, ask your geotechnical engineer to evaluate
how factors that change subsequent to the date of the
report may affect the report’s recommendations.

Unless your geotechnical engineer indicates otherwise,
do not use your geotechnical engineering report:

o when the nature of the proposed structure is
changed, for example, if an office building will be
erected instead of a parking garage, or a refrigerated
warehouse will be built instead of an unrefrigerated
one;

+ when the size, elevation, or configuration of the
proposed structure is altered;

» when the location or orientation of the proposed
structure is modified;

+ when there is a change of ownership; or

» for application to an adjacent site.

Geotechnical engineers cannot accept responsibility for
problems that may occur if they are not consulted after
factors considered in their report’s development have

- changed.

SUBSURFACE CONDITIONS CAN CHANGE
A geotechnical engineering report is based on ¢ondi-

tions that existed at the tite of subsurface exploration. .

Do not base construction decisions on a geotechnical
engineering report whose adequacy may have been
affected by time. Speak with your geotechnical consult-
ant to learn if additional tests are advisable before
construction starts.Note, too, that additional tests may
be required when subsurface conditions are affected by
construction operations at or adjacent to the site, or by
natural events such as floods, earthquakes, or ground
water fluctuations. Keep your geotechnical consultant
apprised of any such events.

MOST GEOTECHNICAL FINDINGS ARE
PROFESSIONAL JUDGMENTS

Site exploration identifies actual subsurface conditions
only at those points where samples are taken. The data

. were extrapolated by your geotechnical engineer who

then applied judgment to render an opinion about
overall subsurface conditions. The actual interface
between materials may be far more gradual or abrupt
than your report indicates. Actual conditions in areas
not sampled may differ from those predicted in your
report. While nothing can be done to prevent such
situations, you and your geotechnical engineer can work
together to help minimize their impact. Retaining your
geotechnical engineer to observe construction can be
particularly beneficial in this respect.

A REPORT'S RECOMMENDATIONS

CAN ONLY BE PRELIMINARY

The construction recommendations included in your
geotechnical engineer's report are preliminary, because
they must be based on the assumption that conditions
revealed through selective exploratory sampling are
indicative of actual conditions throughout a site.
Because actual subsurface conditions can be discerned
only during earthwork, you should retain your geo-
technical engineer to observe actual conditions and to
finalize recommendations. Only the geotechnical
engineer who prepared the report is fully familiar with
the background information needed to determine
whether or not the report’'s recommendations are valid
and whether or not the contractor is abiding by appli-
cable recommendations. The geotechnical engineer who
developed your report cannot assume responsibility or
liability for the adequacy of the report’s recommenda-
tions if another party is retained to observe construction.

GEOTECHNICAL SERVICES ARE PERFORMED

FOR SPECIFIC PURPOSES AND PERSONS
Consulting geotechnical engineers prepare reports to
meet the specific needs of specific individuals. A report
prepared for a civil engineer may not be adequate for a
construction contractor or even another civil engineer.
Unless indicated otherwise, your geotechnical engineer
prepared your report expressly for you and expressly for
purposes you indicated. No one other than you should
apply this report for its intended purpose without first
conferring with the geotechnical engineer. No party
should apply this report for any purpose other than that
originally contemplated without first conferring with the
geotechnical engineer.

GEOENVIRONMENTAL CONCERNS

ARE NOT AT ISSUE

Your geotechnical engineering report is not likely to
relate any findings, conclusions, or recommendations




about the potential for hazardous materials existing at
the site. The equipment, techniques, and personnel
used to perform a geoenvironmental exploration differ
substantially from those applied in geotechnical
engineering. Contamination can create major risks. If
you have no information about the potential for your
site being contaminated, you are advised to speak with
your geotechnical consultant for information relatlng to
geoenvironmental issues.

A GEOTECHNICAL ENGINEERING REPORT IS
SUBJECT TO MISINTERPRETATION
_ Costly problems can occur when other design profes-
sionals develop their plans based on misinterpretations
of a geotechnical engineering report. To help avoid
misinterpretations, retain your geotechnical engineer to
work with other project design professionals who are
affected by the geotechnical report. Have your geotech-
nical engineer explain report implications to design
professionals affected by them, and then review those
design professionals’ plans and specifications to see
how they have incorporated geotechnical factors. -
Although certain other design professionals may be fam-
iliar with geotechnical concerns, none knows as much
.about them as a competent geotechnical engineer.

BORING LOGS SHOULD NOT BE SEPARATED

FROM THE REPORT

Geotechnical engineers develop final boring logs based
upon their interpretation of the field logs (assembled by
site personnel) and laboratory evaluation of fieid
samples. Geotechnical engineers customarily include
only final boring logs in their reports. Final boring logs
should not under any circumstances be redrawn for
inclusion in architectural or other design drawings,
because drafters may commit errors or omissions in the
transfer process. Although photographic reproduction

- eliminates this problem, it does nothing to minimize the
possibility of contractors misinterpreting the logs during
bid preparation. When this occurs, delays, disputes, and
unanticipated costs are the all-too-frequent result.

To minimize the likelihocod of boring log misinterpreta-
tion, give contractors ready access to the complete
geotechnical engineering report prepared or authorized
for their use. (If access is provided only to the report
prepared for you, you should advise contractors of the
report’s limitations, assuming that a contractor was not
one of the specific persons for whom the report was
prepared and that developing construction cost esti-

mates was not one of the specific purposes for which it
was prepared. in other words, while a contractor may
gain important knowledge from a report prepared for
another party, the contractor would be well-advised to
discuss the report with your geotechnical engineer and
to perform the additional or alternative work that the
contractor believes may be needed to obtain the data
specifically appropriate for construction cost estimating
purposes.} Some clients believe that it is unwise or
unnecessary to give contractors access to their geo-
technical engineering reports because they hold the
mistaken impression that simply disclaiming responsi-
bility for the accuracy of subsurface information always
insulates them from attendant liability. Providing the
best available information to contractors helps prevent
costly construction problems. It also helps reduce the
adversarial attitudes that can aggravate problems to
disproportionate scale.

READ RESPONSIBILITY CLAUSES CLOSELY
‘Because geotechnical engineering is based extensively

on judgment and opinion, it is far less exact than other
design disciplines. This situation has resulted in wholly
unwarranted claims being lodged against geotechnical
engineers. To help prevent this problem, geotechnical
engineers have developed a number of clauses for use in
their contracts, reports, and other documents. Responsi-

_ bility clauses are not exculpatory clauses designed to

transfer geotechnical engineers’ liabilities to other
parties, instead, they are definitive clauses that identify
where geotechnical engineers’ responsibilities begin and
end. Their use helps all parties involved recognize their
individual responsibilities and take appropriate action.
Some of these definitive clauses are likely to appear in
your geotechnical engineering report. Read them
closely. Your geotechnical engineer will be pleased to
give full and frank answers to any questions.

RELY ON THE GEOTECHNICAL ENGINEER

" FOR ADDITIONAL ASSISTANCE

Most ASFE-member consulting geotechnical engineer-
ing firms are familiar with a variety of techniques and
approaches that can be used to help reduce risks for all
parties to a construction project, from design through
construction. Speak with your geotechnical engineer not
only about geotechnical issues, but others as well, to
learn about approaches that may be of genuine benefit.
You may also wish to obtain certain ASFE publications.

" Contact a member of ASFE of ASFE for a complimentary

directory of ASFE publications.. .
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