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Dear Mr. Marion:

This will acknowledge receipt of the Certffication of Construction Completion of a Solid Waste

Management Facility, dated, May 10, 2005,by Kenneth W. Cargill, P.E. of GeoSyntec Consultants,

addressing Cell4.

Based upon my inspection on May 11,2005, construction of the Cell4, as certified by the professional

engineer of record, has been completed and is substantially consistent with plans and specifications
approved under DEP Permit No. SC49-0199126-001. Accordingly, solid waste may be placed in Cell 4
for disposal.

Please contact me at 401-893-3329 if you have questions or need fuither information.

Sincerely,
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James N. Bradner, P.E., Manager
Solid and Hazardous Waste Program
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cc: Mr. Timothy J. Salopek, President (tjsomni@aol.com)
Kenneth Cargill, P. E., Geo Syntec Consultants (kcargill@ geos)'ntec. com)

"More Protection, Less Process"
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Mr. James N. Bradner, P.E.

Program Manager, SolidAlazardous Waste
Florida Department of Environmental Protection, Central District
33 1 9 Maguire Boulevard, Sute 232

Orlando. Florida 32803 -37 67

Certification Report - Cell4
Oak Hammock Disposal Facility
Omni Waste of Osceola County, LLC
Permit Application No. SC49- 01997 26-001

Re: ,.RFCEIVED/t/f!* 11zoos
" CenUal DisL.0Ep

Dear Mr. Bradner:

Submitted herewith is one (1) copy of the certification report (including Record

Drawings) for Cell 4 at the Oak Hammock Disposal Facility in Osceola County, Florida.

FDEP form #62-701.900(2) trtled Certifi.cation of Construction Completion of a Solid

Waste Management Facility, duly completed and signed, is also attached.

If you have any questions or need additional information, please do not hesitate to

contact the undersisned.

Sincerely,

'4/r'a
Cargill, P.E.

Principal

Attachments

Copy: Mr. Lenny Marion, Omni Waste of Osceola County
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1. INTRODUCTION

1.1 Overview

This certification report summarizes the Construction Quality Assurance (CQA)
activities performed by GeoSyntec Consultants (GeoSyntec) of Tampa, Florida during
construction of Cell 4 at the Oak Hammock Disposal Facility (OHDF), a Class I landfill,
in Osceola County, Florida. The CQA activities performed by GeoSyntec included
monitoring of:

(i) earthworkconstruction;

(ii) geosynthetics installation;

(iii) leachate collection system construction; and

(iv) miscellaneous activities associated with development and ongoing operation of
the landfill.

The CQA activities were performed to confirm that the construction materials and
procedures were in complianee with the Construction Permit SC49-0199726-00l issued
by the Florida Department of Environmental Protection (FDEP), Central District in
accordance with Chapter 62-70I, Solid Waste Management Facilities, Florida
Administrative Code (FAC).

Cell 4 was constructed in accordance with the above mentioned permit and
associated permit drawings. The only modification included the realignment of
approximately 1,000lineal foot section of the site haul road.

This certification report was prepared for Mr. Leonard Marion of Omni Waste of
osceola County, LLC (Omni). The report was propared by Mr. Ayushman Gupta p.E.,
Mr. Kirk Wills, and Ms. Aidee Cira, and was reviewed by Mr. Ken Cargill, p.E., all of
GeoSyntec.

It is noted that this certification report covers the construction of Cell 4 only. The
construction of the leachate transmission line and the leachate storage area were included
in GeoSyntec's report entitled "Certification Report, Construction of Cell lA and
Leachate Storage Area", which was submitted to FDEP in January 2004. Hereafter, the
certification report for construction of Cell 1A and the leachate storage area is referred to
as Cell 1A Certification Report. With the exception of the realignment of an approximate
1,000 lineal foot section of the site haul road, no othermodifications were made to the
existing landfill or storm water features.
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1,2 Report Organization

This certification report is organized as described below.

o A brief description of the project is provided in Section 2;

o A summary of the CQA program is presented in Section 3;

o A description of the CQA monitoring and testing activities performed during
earthwork related construction activities in Cell4 is provided in Section 4;

o A description of the CQA monitoring and testing activities performed during the
geosynthetics installation in Cell4 is provided in Section 5;

o A description of the CQA monitoring and testing activities performed during
construction of the leachate collection system in Cell4 is provided in Section 6;

o A description of the CQA monitoring and testing performed during
miscellaneous activities associated with development and ongoing operation of
the landfill is provided in Section 7; and

A summary of the observations resulting from the CQA monitoring and testing
activities performed by GeoSyntec and a certification statement signed and
sealed by a professional engineer registered in the State of Florida are presented
in Section 8.

The nuclear moisture/density logs are included in Appendix A. The geomembrane
field logs are provided in Appendix B. Record drawings for the top of the liner subbase,
top of low permeability soil in sump, and the primary and secondary geomembrane panel
layouts are included in Appendix C. A photographic 1og of major construction activities
is included in Appendix D of this report.
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PROJECT DESCRIPTION

General

The OHDF is located in eastern Osceola County, Florida, west of highway U.S. 441,
approximately 6.5 miles south of Holopaw. The landfill facility is connected to highway
U.S. 441 by a2.86-mile improved access road, which was constructed as part of the overall
project site development.

The OHDF site comprises a total of approximately 2,179 acres. The landfill footprint at
build-out is approximately 264 acres and consists of a total of 21 landfill cells that provide
available waste capacity for approximately 30 years. FDEP issued a construct and operate
permit for the landfill on 18 October 2002. The first five-year construct and operate permit
is referenced as Phase 1. Phase 1 includes up to four landfill cells (Cells 1 through 4) in the
northem part of the landfill and covers approximately 52 acres.

Cell 1 (in Phase 1) was constructed in two parts. The construction of Cell 1A and 18
were completed in January 2004 andMay 2004, respectively. It is noted that Cell 4 is the
next cell to be constructed as part of Phase 1 development of the OHDF. Cells 2 and 3 will
be constructed after Cell4.

2.2 Construction Activities

This certification report pertains to CQA monitoring and testing activities performed for
construction of Cell 4 only. The construction of Cell 4 included earthwork, liner system
installation, and leachate collection system construction as indicated in the construction
drawings prepared for the construction of Cell 4. The CQA monitoring and testing activities
performed for construction of the leachate transmission line and leachate storage area were
discussed in the Cell 1A Certification Report (GeoSyntec, January 2004).

The Cell 4 design incorporates a double-composite liner system and other engineering
controls that meet or exceed the requirements of Chapter 62-70|,FAC. The Cell 4liner
system consists of the following components (from top to bottom):

minimum 24-in. (610-mm) thick liner protective layeq

primary geocomposite drainage layer, consisting of a high-density polyethylene
(HDPE) geonet with a needle-punched, non-woven geotextile heat bonded to each
side, hereafter referred to as primary geocomposite;

FQ0691/CQA Report
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primary liner, consisting of a 60-mi1 (1.5-mm) thick textured HDPE
geomembrane;

primary geosynthetic clay liner (GCL) consisting of an internally reinforced
composite, composed of granular sodium bentonite encapsulated between a

needle-punched non-woven geotextile and a woven geotextile;

secondary geocomposite drainage layer, consisting of a HDPE geonet with a
needle-punched, non-woven geotextile heat bonded to each side, hereafter
referred to as secondary geocomposite;

secondary liner, consisting of a 60-mil (1.5-mm) thick textured HDPE
geomembrane;

o secondary GCL consisting of an internally reinforced composite, composed of
granular sodium bentonite encapsulated between a needle-punched non-woven
geotextile and a woven geotextile; and

o minimum 6-in (152-mm) thick prepared subbase.

The Cell 4leachate collection system consists of the following components:

o a 6-in. diameter HDPE perforated leachate collection pipe surrounded by gravel
aggtegate and non-woven geotextile filter fabric, as part of the primary leachate
collection system; and

o a 6-ft wide secondary geocomposite layer as part of the secondary leachate
collection system;

FQ0691/CQA Report a.t 10-May-05
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CONSTRUCTION QUALITY ASSURANCE PROGRAM

General

The scope of CQA monitoring, testing, and documentation services performed by
GeoSptec during the construction of Cell 4 at the OHDF included review of documents,
field CQA operations, and preparation of this final certification report and record
drawings for the liner system. These activities are described in the following sections of
this report.

GeoSyntec provided the CQA monitoring, testing, and documentation as well as the
original design and construction drawings. A list of personnel involved in construction of
Cell 4 at the OHDF is included in Section 3.5 of this report.

The earthwork for construction of Cell 4 commenced on 23 lanuary 2005. The
installation of the liner system in Cell 4 commenced on 23 March 2005. The placement
of the liner protective layer in Cell 4 commenced on 23 Apirl2005. Construction of Cell
4 (described in this certification report) was completed 9 May 2005.

3.2 Related Documents

As previously noted, this certification report summarizes the CQA activities
performed by GeoSyntec during construction of Cell 4 atthe OHDF. The CQA activities
conducted by GeoSyntec were intended to satisfy the requirements of the following
documents:

o permit application entitled "Application for a Permit to Construct and Operate a

Class I Landfilf', prepared and submitted by GeoSyntec of Tampa, Florida on24
May 2002 and approved by the FDEP Central District on 18 October 2002;

o "Construction Quality Assurance (COA) Plan", Appendix Q of the OHDF Permit
Application, dated May 2002;

o "Technical Specifications", Appendix P of the OHDF Permit Application, dated
May 2002;

o permit drawings entitled "Oak Hammock Disposal, A Solid Waste Facility", dated
May 2002; and

o construction drawings entitled, *Oak Hammock Disposal Facility, (J.E.D. Solid
Waste Management Facility), Cell4 Constructiono' andProject Manual containing
Technical Specifications, dated December 2004, prepared by GeoSyntec of
Tampa, Florida.
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All of the above documents are hereafter collectively referred to as the CQA
Documents in this certification report. During construction, minor modifications were
made to these documents to include clarifications to the intent of the design and to
accommodate existing site conditions or preferred construction techniques. However, no
substantial changes were made to the CQA Documents.

3.3 Field CQA Onerations

The following activities were performed as part of GeoSptec's on-site CQA
services:

Earthwork:

collecting samples of soils used as general fill to construct the subgrade and liner
subbase in Cell 4 for testing at an off-site geotechnical laboratory;

collecting samples of soils used in the liner protective layer for testing at the off-
site geotechnical laboratory;

reviewing and evaluating geotechnical laboratory test results to ensure

compliance with the requirements of the CQA Documents;

monitoring placement, grading, and compaction of earthwork related
construction activities:

testing in-situ density, moisture content, and percent compaction of earthwork
related construction activities to ensure compliance with the requirements of the
CQA Documents;

notifying Contractor of areas that need additional compaction based on failing in-
situ tests and re-testing these arsas to ensure compliance with the requirements of
the CQA Documents; and

o monitoring anchorage of the geosynthetics in the perimeter anchor trenches.

Geosynthetics:

monitoring delivery, storage, and tracking the inventory of geosynthetic materials
delivered for the project;

coordinating the collection of geosynthetic conformance samples from in-plant
sources or delivered rolls and forwarding samples to an off-site geosynthetics
testing laboratory;
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collecting and reviewing geosynthetic manufacturers' quality control (MQC) and

certification documents and geosynthetic laboratory conformance test results to
verify compliance with the requirements of the CQA Documents;

monitoring installation of geosynthetic materials in Cell 4 including trial seams,

destructive and nondestructive tests, and repair operations; and

. performing destructive testing of geomembrane seams at the minimum frequency

required by the CQA Documents.

Leachate Collection System :

. reviewing quality control (QC) documents of materials used in the leachate

collection system, geotechnical laboratory conformance test results on samples of
aggregate, and geosynthetic laboratory confornance test results on samples of
geotextile filter/separator fabric to verify compliance with the requirements of
the CQA Documents; and

o monitoring construction of leachate collection system in Cell 4.

Miscellaneous Activities :

monitoring placement, grading, and compaction of soils and recycled concrete

aggregate for the realignment of approximately 1,000 lineal foot section of the

haul road to accommodate the construction of Cell 4 as required by the CQA
Documents:

o monitoring restoration of landfill perimeter berm outer slopes as required by the

CQA Documents; and

o monitoring placement, grading, and compaction of limerock base course along

the perimeter maintenance road located on the west side of Cell4.

During construction activities involving monitoring and/or testing, the observations
made and results obtained by GeoSyntec CQA personnel were compared with the

requirements of the CQA Documents. The construction manager and the appropriate

contractor were notified of deficiencies in construction practices and/or materials to

ensure appropriate corrective actions are taken. The corrective actions were monitored
and/or tested by CQA personnel to ensure compliance with the requirements of the CQA
Documents.
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Certification Report and Record Drawings

Record drawings for Cell 4 liner subbase, top of low permeability layer in sump,
primary liner, and secondary liner and this CQA certification report were prepared as the
final task of the CQA program for construction of Cell 4. The record drawings are

included in Appendix C of this report. This certification report summarizes the CQA
monitoring, testing, and documentation activities performed by GeoSyntec.

During construction of Cell 4, CQA monitoring and testing activities were
documented by CQA personnel in Daily Field Reports (DFRs) and various other forms.
In addition, QC certificates for the geosynthetics and other materials and surveyor's data

were provided to GeoSyntec for review. These and other documents are maintained by
GeoSyntec and will be made available for FDEP review upon request. Results of CQA
monitoring and testing activities that are critical with respect to the satisfactory
performance of Cell 4 at the OHDF landfill and protection of the surrounding
environment have been summarized in a tabular form and are included in this
certification report.

3.5 Proiect Personnel

Major personnel or representatives of the firms involved in the project are as follows:

Owner: Omni Waste of Osceola County. LLC

o Lenny Marion, Operations Manager

GeoSyntec Consultants - Tampa. Florida

o Ken Cargill, P.8., Project Manager and

Certification Engineer

o Ayushman Gupta, P.E., Project Engineer

o Kirk Wills, Construction Manager

. Rick Hastie, Site CQA Manager

Comanco Environmental Corporation. Tampa. Florida

o Dave Petty, Regional Project Manager

o Mike Daniels, Project Manager

CQA Consultant:

General Contractor:
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E arthwork Sub contractor :

Geosynthetics Installer :

Surveyor:

Geotechnical Lab or atori es :

Geosynthetics Laboratory :

GeoSyntec Consultants

Bul-Hed. Mulbeqr. Florida

. Jerry Martin, Project Manager

o Ruben Brock, Site Superintendent

Comanco Environmental Corporation. Tampa. Florida

o Priscilliano Segura, Site Superintendent

Hartman & Associates. Inc." Orlando. Florida

o Lawrence E. Jenkins, Professional Surveyor

Excel Geotechnical Testing. Roswell. Georeia

o Nader Rad, Ph.D., P.E., Project Manager

Atlantic Testing Laboratories" Inc.. Melbourne. Florida

o Donald Tucker Jr., P.E., Project Manager

Golder Associates Inc.. Atlanta" Georgia

. Barry Sigmon, P.G., Project Manager

SGI Testing Services. LLC. Norcross. Georgia

o Rob Swan, Project Manager
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4. CONSTRUCTION QUALITY ASSURANCE - EARTHWORK

4.1 General

GeoSlmtec monitored earthwork related to construction of Cell 4 at the OHDF.
Earthwork activities in Cell 4 included construction of subgrade, 6-inch thick liner
subbase, intercell berms (between Cell 4 and future Cell 3 on the east side and between
Cell 4 and future Cell 5 on the south side), installation of liner protective 1ayer, and

anchorage of the geosynthetic components of the double-composite liner system.

Earthwork related to construction of Cell 4 is discussed in this section. Earthwork
related to the landfill perimeter berm (on west side of Cell 4); intercell berm between Cell
18 and Cell 4; and the low-permeability soil layer in sump area were discussed in the

Cell 1A Certification Report. It is noted that the low permeability soil layer in the sump

area was initially over-built to shed water. This layer was graded to the required shape

(in accordance with the Construction Drawings) during Cell4 construction.

The materials used to construct Cell 4 included general filI and liner protective layer
soils. General fill was used to construct the subgrade of Cell 4, intercell berms, 6-inch
thick liner subbase, and anchorage of the geosynthetics. The liner protective layer soils
were used to place a minimum 2-ft thick liner protective layer in Cell4.

CQA personnel observed the earthwork related construction activities and tested the
soils to confirm that the material properties conformed to the CQA Documents,
maximum lift thicknesses were not exceeded, and compaction requirements were met.

During construction, geotechnical soil tests were performed either on-site by GeoSyntec
personnel or at one of the off-site geotechnical laboratories. The off-site geotechnical
laboratories included Atlantic Testing Laboratories, Inc. (ATL) in Melbourne, Florida
and Excel Geotechnical Testing (EGT) in Roswell, Georgia.

4,2 Soil Source and Requirements

The general fiIl and liner protective layer soils were obtained from the Bronsons
property (Bronsons Borrow Pit) located west of Cell 4. Representative samples of
general fill and liner protective layer soils were obtained and tested to verify
conformance with specified material requirements in the CQA Documents. The
geotechnical tests were performed to confirm that the following requirements were met
for the general fill and liner protective layer soils:

o General Fill: classified as SW, SP, SP-SM, or SM in accordance with the Unified
Soil Classification System (USCS) per ASTM D 2487 and was relatively free of
debris, foreign objects, large rock fragments, organic matter, and other deleterious
materials. In addition, general fill used as liner subbase in Cell 4 was free of
sharp materials or materials larger than 0.5 inches.
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o Liner Protective Layer,Soi/s: classified as SW or SP in accordance with the
USCS; had maximum particle size of 0.75 inches; had fines content of less than 5

percent per ASTM D 1140; had carbonate content of less than 5 percent per
ASTM D 4373; and were relatively homogeneous soils free of deleterious
materials. Regardless of the classification, liner protective layer soil was required
to exhibit a hydraulic conductivity no less than 1.0 x l0-3 cm/sec in accordance
with ASTM D 2434. It is noted that soils with higher fines content (SP-SM or
SM) were accepted provided that they met the specified hydraulic conductivity
requirements.

A description of the geotechnical tests performed on placed materials and results of
these tests are presented below.

4.3 CQA Monitorins and Testins

GeoSyntec's CQA personnel monitored the placement and/or compaction of soils as

described in Section 3. At times, several earthwork construction operations were
conducted simultaneously. When this occurred, the on-site personnel monitored the
operations considered most critical to the performance of the landfill liner system.
Potentially nonconforming or questionable practices observed by CQA personnel were
brought to the attention of the concerned parties for review and correction.

As part of CQA activities, geotechnical testing was performed on the soils used in
construction of Cell 4 of the OHDF. Depending on the specific test, testing was
performed on-site by GeoSyntec personnel or at one of the two off-site laboratories (ATL
or EGT).

The following geotechnical tests were performed:

o in-situ nuclear moisture/density tests on compacted lifts of general fill (the tests

were performed in accordance with ASTM D 2922 for density and ASTM D
3017 for moisture content);

o in-situ density tests using the drive cylinder method (ASTM D 2937) to compare
to the density tests results obtained using the nuclear gauge;

o moisture content tests on general filIin accordance with ASTM D 2216;

r standard Proctor compaction tests on general fiIl in accordance with ASTM D
698;
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grain-size analysis or fines content determination in accordance with ASTM D
422, ASTM C 136. or ASTM D 1140:

hydraulic conductivity tests on the liner protective layer soils in accordance with
ASTM D 2434; and

o interface friction tests for the interfaces between general fill and GCL and

between liner protective layer soil and primary geocomposite, as discussed in
Section 5.

GeoSyntec supplied three nuclear gauges (Troxler Model #31118 Serial #10979, and

Troxler Model #3430 Serials #26567 and #27657) that were used to perform the

moisture/density tests. The gauges were calibrated daily prior to use by the "standard

count" method. These counts were recorded on standard count logs, which are not
included in the certification report but are available for review upon request. The in-situ
density tests using the drive cylinder method (ASTM D 2937) were performed

periodically and compared with the density test results obtained using the nuclear gauge

to ensure that the gauges were functioning properly.

4,4 General Fill

CQA personnel monitored the excavation (from the Bronsons Borrow Pit),
placement, and compaction of general fill, which was used to construct the Cell 4 base,

intercell berms, 6-inch thick liner subbase, and anchorage of geospthetics. Earthwork in
Cell4 using general filI consisted of following activities:

o monitoring existing subgrade by CQA personnel to confirm that unsuitable

materials were removed;

o proof rolling of subgrade by the contractor to detect soft or loose zones using
scraper pans, articulated dump trucks, or tires of heavy equipment;

o excavating and hauling general fill from, Bronsons Borrow Pit, using scraper

pans;

o placing and spreading general filI in relatively thin lifts using scraper pans and

bulldozers;

compacting general filIusing scraper pans and/or smooth drum rollers;

scarifying surface of each compacted lift using tracks of a bulldozer or tires of
heavy equipment, prior to placement and compaction of subsequent lifts; and
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o survoylng the limits and elevations of the compacted general fill (Record Drawing
for the top of the liner subbase layer is included in Appendix C).

General fill was required to be compacted to at least 95 percent of the corresponding
standard Proctor (ASTM D 698) maximum dry unit weight. The tests performed on
compacted general fill materials are discussed below.

4.4,1 Standard Proctor Tests

Standard Proctor tests were performed to evaluate the percent compaction from the

measured in-situ densities of compacted general fill. Standard Proctor tests were required
to be performed at a minimum frequency of 1 test per 25,000 cubic yards (cyd) of
compacted general fill.

Eleven standard Proctor tests were performed during construction for approximately
200,000 cyd of compacted general fill placed in Cell 4. The actual CQA test frequency
of 1 test per 18,000 cyd (approx.) of compacted general fill exceeded the minimum
testing frequency required by lhe CQA Documents. The standard Proctor tests performed
during construction are summanzed in Table 4-1 and are presented in Figure 4-1. As
noted, the maximum dry unit weight varied from 97.8 to 107.0 pounds per cubic foot
(pcf) and the optimum moisture content varied from 13.6 to 17.4 percent.

4.4,2 Density and Percent Compaction

In-situ nuclear moisture/density tests were required to be performed at a frequency of
5 tests per acre per lift for earbhwork performed using general fill. A minimum of two in-
situ nuclear moisture/density tests were performed on each day of active earthwork
related construction activities. If the density test failed to meet the minimum compaction
requirements, the contractor reworked and recompacted the area surounding the failure
and the area was retested by CQA personnel. The procedure was repeated until
satisfactory moisture/density test results were obtained at each test location.

Approximately 200,000 cyd of general fill was used to construct Cell 4 (base,

intercell berms, and 6-inch liner subbase). The in-situ nuclear moisture/density tests

performed to evaluate the compaction of general filI in Cell 4 are presented in Appendix
A. A total of 748 nuclear moisture/density tests were performed, which correspond to a
CQA test frequency of 1 test per 267 cyd (approx.) of compacted general fill. As noted,

areas coresponding to the failing test (i.e. 38 tests) were reworked and recompacted by
the contractor and retested by the CQA personnel.

4.4,3 Grain Size Analyses and USCS Classification
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Grain-size distribution analyses (ASTM D 422and ASTM C 136) were performed to
evaluate the USCS classification (ASTM D 2487) of general fill materials used to
construct Cell 4. The grain size distribution analyses and USCS classification were
required to be performed at a minimum frequency of 1 test per 10,000 cyd of compacted
general fill.

Twenty two grain-size distribution analyses and USCS classification were performed
for approximately 200,000 cyd of compacted general filI used to construct Cell 4. The
actual CQA test frequency of 1 test per 9,091 cyd (approx.) of compacted general fill
exceeded the minimum testing frequency required by the CQA Documents. The grain-
size distribution analyses and USCS classification performed during construction are
summarized in Table 4-2. As noted, the general fill materials used to construct Cell 4
classified as SP, SP-SM and SM in accordance with the USCS classification.

4.4.4 Drive Cylinder Tests

ln-situ moisture/densities were measured using the drive cylinder method (ASTM D
2937) periodically to verify the moisture/density tests results obtained using the nuclear
gauge. A total of 31 moisture/densities were measured using the drive cylinder method
for the general fill used to construct Cell 4 and are summarizedin Table 4-3. A drive
cylinder was collected for approximately every 24 nuclear density tests, performed,
which exceeded the minimum testing frequency required by the CQA Documents. As
noted, the densities measured using the two methods were in general agteement.

4.4.5 Anchorage of Geosynthetics

GeoSlmtec CQA personnel periodically monitored the method of anchorage for the
geosynthetic materials along the perimeter berm (on west side of Cell 4) and the intercell
berms between Cell 4 and future Cell 3 (on east side) and Cell 4 and future Cell 5 (on
south side). Along the north side of Cell 4, each layer of geosynthetics was tied to the
respective layer of geosynthetics from Cell 18. The construction sequence for the anchor
trenches was as follows:

o a 2-ft deep by 2-ft wide (minimum) trench was excavated approximately 2 feet
from the inside crest of perimeter berm and 6 feet from the inside crest of
intercell berm;

the geosynthetic components were then placed in and depending upon the
material, across the bottom of the anchor trench and ballasted with sandbags; and

the anchor trench was backfilled with seneral fill.
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Liner Protective Laver Soils

Liner protective soil layer was used to cover the geosynthetic components of the
liner system in Cell 4. The minimum thickness of the liner protective layer atop the
geoslnthetic components of the liner system in Cell4 was Z feet.

Sandy soils from the Bronsons Borrow Pit, were used as liner protective layer soils.
CQA persorurel periodically monitored the placement of the liner protective layer soils in
cell 4. The construction sequence of liner protective layer was as follows:

o articulated dump trucks hauled the sandy soils from Bronsons Borrow Pit to Cell
4: ar;d

o the sandy soils were placed and spread using low ground pressure bulldozers.

During placement of the liner protective layer soils, CQA personnel periodically
monitored the contractor's activities to assure that the risk of damage to the underlying
geosynthetics was minimized. CQA personnel also con{irmed that at least a 2-ft thick
layer of sandy soils was maintained over the geosynthetics where the contractor operated
the equipment. A minimum 3-ft thick layer of sandy soils was maintained where the
articulated off-road dump trucks operated.

Grain-size distribution analyses (ASTM D 422 and ASTM C 136), soil classification
in accordance with USCS (ASTM D 2487), and hydraulic conducrivity (ASTMD 2434)
tests were performed on samples of liner protective layer soils at the off-site geotechnical
laboratory EGT. Grain-size distribution analyses (ASTM D 422 and ASTM C 136) and
soil classification tests (ASTMD 2487) were required at a minimum frequency of 1 test
per 2,000 cyd of in-place liner protective layer soils. Hydraulic conductivity tests were
required at a minimum frequency of 1 test per 3,000 cyd of in-place liner protective layer
soils.

A total of 36,000 cyd (approx.) of liner protective soil were placed in Cell 4.
Eighteen grain-size distribution analyses (and USCS classification) and 12 hydraulic
conductivity tests were performed on the liner protective layer soils placed in Cell4. The
laboratory test results are presented in Table 4-4. The actual CQA test frequencies of 1

test per 2,000 cyd (approx.) for grain-size distribution analyses (and USCS classification)
and 1 test per 3,000 cyd (approx.) for hydraulic conductivity, met the minimum testing
frequencies required by the CQA Documents. As noted, the measured hydraulic
conductivities of liner protective layer soils exceeded the minimum hydraulic
conductivity of 1.0 x 10-3 cm/sec required by the CQA Documents. It is noted that soils
with fines content greater than 5 percent wore accepted since the measured hydraulic
conductivities exceeded the proj ect requirements.
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Table 4-1

STANDARD PROCTOR TEST RESULTS FOR GENERAL FILL USED TO CONSTRUCT CELL 4

SAMPLE
ID SOIL DESCRIPTION

OPTIMUM
MOISTURE CONTENT

(%)

MAXIMUM
DRY DENSITY

(pc0

c4-PR-1 t 3ray sand with trace of silt and organics 16.2 97.8

c4-PR-2 1 3rown gray sand with trace of silt and organics 15.7 1 00.1

c4-PR-3 1 Brown gray sand with trace of silt and organics 16.0 OA?

c4-PR-4 1 Reddish brown sand with trace of sill 14.3 105.7

c4-PR-5 1 Brown and gray sand with trace of silt and organics 13.6 105.3

c4-PR-6 1 Brown sand with trace of silt and oroanics 13.6 103.3

c4-PR-7 2 Sand with silts 15.7 106.3

c4-PR-8 2

c4-PR-9 2

Sand with silts 17.4 102.4

Sand with silts 14.6 106.4

c4-PR-10 2 Sand with silts 14.1 101.5

c4-PR-1 1 
2 Sand with silts .,lc 6 107.0

Samples tested by Atlantic Testing Laboratories,

Samples tested by Excel Geotechnical Testing.

Inc.

2
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Table 4-2

GRAIN SIZE DISTRIBUTION ANALYSES AND USCS CLASSIFICATION RESULTS FOR
GENERAL FILL USED TO CONSTRUCT CELL 4

PARTICLE SIZE
ANALYSIS

solL
CLASSIFICATION

TEST

STANDARD

ASTM
D 422

ASTM
D 2847

TESTING

FREQUENCY

1 test per

10,000 yd3

1 test per

10,000 yd3

TEST RESULTS

Sample No.

Percent Passing by Weight
Through U.S. Standard Sieve

Classification 
3 Pass/Fail

(P/F)
No.
10

No.
40

No.
OU

No.

80
No.
200

c4-s-1 1 100.0 97.9 83.4 46.5 1.9 SP P

c4-s-2 1 100.0 vt.t 83.7 47.3 3.2 SP P

c4-s8 1 100.0 97.8 Rlq tR a 1.6 SP P

c4-s-4 1 100.0 95.6 80.9 50.7 2.3 SP P

c4-s-5 1 100.0 97.5 82.7 46-4 4.6 SP P

c4-s-6 1 100.0 97.3 83.1 48.2 SP P

c4-s-7 2 100.0 97.6 81.8 63.0 13.8 SM P

c4-s-8 2 99.7 97.4 79.5 10.4 SP.SM P

c4-s-9 2 100.0 98.2 85.2 c/.u 6.4 SP-SM P

c4-s-10 2 99.9 97.1 79.0 57.0 11.8 SP-SM P

c4-s-1 1 
2 100.0 98.3 86.9 63.0 12.7 SM P

c4-s-e2 100.0 98.2 84.1 OJ.U 4.8 SP P

c4-s-13 2 100.0 95.4 67.4 44.0 SP-SM P

c4-s-14 2 99.9 93.4 69.2 50.0 7.8 SP-SM P

c4-s-15 2 100.0 97.9 85.3 65.0 11.0 SP-SM P

c4-s-16 2 100.0 vd.J 85.5 60.0 18.7 SM P

c4-s-17 2 100.0 98.3 86.5 60.0 J.Y SP P

c4-s-18 2 100.0 95.3 64.7 45.0 6.4 SP-SM P

c4-s-19 2 100.0 98.'t 86.3 63.0 L6 SP-SM P

c4-s-20 2 100.0 97.8 81.8 57.0 oo SP-SM P

c4-s-212 100.0 98.4 87.0 64.0 15.6 SM P

cA-s-222 100.0 98.9 88.1 60.0 R4 SP-SM P

Notes:

1 Samples tested by Atlantic Testing Laboratories, Inc.

2 Samples tested by Excel Geotechnical Testing.

3 General fill material was required to classify as SW, SP, SP-SM, or SM.
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Table 4-3

COMPARISON BETWEEN DRIVE CYLINDER AND NUCLEAR GAUGE TEST RESULTS
FOR GENERAL FILL USED TO CONSTRUCT CELL 4

DRIVE CYLINDER NUCLEAR GAUGE
DIFFERENCE

(Drive Cylinder - Nuclear Gauge)

Test No.

Dry Unit Weight
(pcf)

Moisture
Content

('/") Test No.

Dry Unit Weight
(pcf)

Moisture
Content

("/") Dry Unit Weight
(pc0

Moisture
Content

e/'\
ASTM D

2937
ASTM D

2216
ASTM D

2922
ASTM D

3017

DR-1 99.9 8.8 c4-28 101.2 Y.Z
,l 7, -0.4

DR-2 101 .0 10.9 c4-48 101.4 9.5 -0.4 1.4

DR.3 95.4 10.2 c4-91 vo.J 9.5 -0.9 0.7

DR-4 97.8 c4-118 97.8 7.8 0.0 0.8

DR-5 99.5 9.3 c4-140 100.7 7.8 1.2 1.5

DR.6 101 .0 1n q c4-148 101 .3 v_tt _n? 0.7

DR-7 94.5 QA c4-176 95.4 7.3 -0.9 1.2

DR.8 102.4 11.6 c4-'t99 103.2 7.9 -0.8 3.7

DR-9 99.1 10.7 c4-242 100.0 8.8 -0.9 1.9

DR-10 99.6 11.1 c4-239 96.5 11.8 J. I -0.7

DR-,l1 109.3 9.5 c4-PR-5 104.9 7.6 4.4 1.9

DR-12' 103.7 11.4 c4-PR-2 106.2 1.O -2.5 3.8

DR-13 99.2 I z-4 c4-273 97.2 11.6 2.0 0.8

DR.14 10't.4 14.5 c4-290 100.4 14.0 1.0 AR

DR-15 107.2 13.9 c4-303 100.5 10.8 o., a1

DR-16 * 98.5 12.6 c4-PR-2 1 1 0.'t 12.4 11.6 0.2

DR-17 99.2 12.4 c4-273 97.2 11.6 z.v 0.8

DR-18 103.9 11 .1 c4-329 105.4 11.0 1.5 0.1

DR.19 102.4 10.4 c4-345 101.7 11.9 0.7 1.5

DR-20 12.9 c4-370 96.2 12.3 -0.4 0.6

DR.21 95.8 c4-389 95.6 z-5 0.2 1.2

DR.22 oRn 6.5 c4414 96.2 cl 2.6 1.4

DR-23 103.9 7.3 c4-439 102.9 5.8 1.0 1.5

DR.24 98.1 17.0 c4-463 99.5 16.5 1.4 0.5

DR.25 104.1 10.2 c4-488 103.9 9.7 0.2 0.5

DR-26 uu.z 12.4 c4-273 97.2 11.6 2.0 0.8

DR-27 * 103.7 11.4 c4-PR-2 106.2 /.o -2.5 3.8

DR.28 104.9 10.7 c4-495 101.9 '10.1 3.0 u.o

DR-29 103.2 6.6 c4-515 102.7 6.5 NA 0.1

DR-30 100.5 /.o c4-535 101 .0 5.8 -0.5 1.8

DR-31 97.4 7.8 c4-560 100.5 6.6 -J. I 1.2

DR-32 tuz.o 6.0 c4-597 105.9 4.8 .J.J 1.2

DR.33 99.1 6.1 c4-626 c.z 0.1 0.9

DR-34 105.0 12.3 c4-673 106.4 11.6 -1.4 i7

DR-35 99.2 12.1 c4-776 97.3 11.7 1.9 0.4

* Drive cylinder tests performed along the haul road.
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Table 4-4

LABORATORY TEST RESULTS FOR LINER PROTECTIVE LAYER SOILS USED TO CONSTRUCT CELL 4

PARTICLE SIZE ANALYSIS
sotL

CLASSIFICATION

HYDRAULIC

CONDUCTIVITY

TEST
STANDARD

ASTM
D 422

ASTM
D 2487

ASTM
D 2434

TESTING
FREQUENGY

'l test per 2,000 yds 1 test per 2,000 yds 1 test per 3,000 yd3

TEST RESULTS

Sample
ID

Percent Passing
No. 200 Sieve

fk\
Soil Classification 

1 Hydraulic Conductivity 
2' 3

(cm/sec)

^ ,- .,4
Hass/Fall

(P/F)

c4-PC-1 SP
1.4x10-2

P

c4-PC-2 6.8 SP.SM P

c4-PC-3 13.8 SM
1 .0x10-2

P

c4-PC-4 14.7 SM P

c4-PC,5 6.9 SP-SM 1 .8x10-2 P

c4-PC-6 9.8 SP-SM 1.7x10'2 P

c4-PC-7 9.4 SP-SM 1 .9x10-2 P

c4-PC-8 7.8 SP-SM 9.2x10-3 P

c4-PC-9 11.5 SP-SM 1.7x10-2 P

c4-PC-'10 10.4 SP-SM '1.5x10-2 P

c4-PC-11 7.3 SP-SM 1 .0x10-2 P

c4-PC-12 OR SP.SM 1 .0x10-2 P

c4-PC-13 10.4 SP-SM
1.4x10-2

P

c4-PC-14 10.5 SP-SM P

c4-PC-'t5 12.5 SM
6.8x10-3

P

c4-PC-16 9.'1 SP-SM P

c4-PC-17 11.4 SP-SM P

c4-PC-18 10.9 SP-SM P

Notes:
1 Liner protective layer soils were required to classify as SW or SP.

2 Required hydraulic conductivity was no less than 1.0x10-3 cm/sec.
3 As noted, some of the hydraulic conductivity test results are for composite samples.

+ Soil with higher fines content were accepted provided they met the specified hydraulic conductivity requirements.
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5. CONSTRUCTION QUALITY ASSURANCE , GEOSYNTHETICS

5.1 General

GeoSyntec monitored the installation of the geosynthetic components of the double
composite liner system in Cell 4, as described in Section 2. At times, several liner system
installation operations were conducted simultaneously during Cell 4 construction. When
this occurred, the on-site CQA personnel monitored the operations that were considered
most critical to the performance of the liner system.

5.2 COA of Geosvnthetic Clav Liner

5.2.1 Conformance Testing and Documentation

A geosynthetic clay liner (GCL) was used in construction of the liner systems in Cell
4. Bentomat ST GCL used was manufactured by CETCO Lining Technologies (CETCO)
in Arlington Heights, Illinois. The GCL conformance samples were collected, from the
rolls produced for the project, by Golder Associates lnc. (Golder) (an independent
contractor authorized to collect samples for CQA testing). Golder coordinated with the
manufacturer to collect the CQA samples at CETCO's manufacturing plant in Lovell,
Wyoming. Golder also performed the CQA conforTnance testing in accordance with the
CQA Documents on the samples of GCL collected.

The MQC certificates and test results and the CQA conforrnance test results were
reviewed by CQA personnel and were found to be in compliance with the CQA
Documents. The results of the MQC and CQA conformance tests are summarized in
Table 5-1. Table 5-1 also indicates the tests that were conducted, the required test
frequencies, and the acceptance criteria in accordance with the CQA Documents.

It is noted that Table 5-1 is organized with respect to the GCL lot numbers and
indicates the roll numbers in each lot of GCL that were sampled and tested as part of the
MQC and CQA conformance testing. Each sheet of Table 5-1 also presents the total
number of rolls (and square footage) of the GCL received from the respective lot number
and also the cumulative number of rolls (and square footage) of the GCL received for the
project (to evaluate the MQC and CQA test frequencies for each lot and for the project).

A total of 7 CQA conformance samples were tested for approximately 1,084,000
square feet (ft2) of GCL delivered to the site for installation in Cell 4. The actual CQA
test frequency of 1 test per 154,800 ft2 of GCL exceeded the minimum testing frequency
of 1 test per 200,000 ft2 required by the CQA Documents. As a minimum, one
conformance sample was tested during CQA from each lot of GCL supplied for the
project.
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To evaluate the influence of leachate on the hydraulic conductivity of GCL, samples
from Rolls #454 and #461 (Lot # 200503LO) were tested using deionized water and
leachate collected from the OHDF as permeant fluids during MQC testing. The measured
hydraulic conductivity of GCL using leachate as the permeant fluid was less than the
measured hydraulic conductivity of GCL using deionized water as the permeant fluid,
i.e., it is conservative to measure the hydraulic conductivity of GCL using deionized
water. As a result, remaining MQC and CQA conformance tests were performed using
water as the permeant fluid to avoid collection, handling, and transportation of leachate.

5.2.2 Field Monitoring Activities

5.2.2.1 Deliveqt and On-Site Storage

Upon delivery, GCL rolls were unloaded in an area located south of the Cell 4
construction area (i.e., in future Cell 5 footprint), stacked on a 1.5-ft high berm, and
covered with a plastic tarps. The rolls were typically transported on site by an off-road
forklift equipped with a stinger bar. CQA personnel periodically monitored the installer's
delivery, unloading, and storage procedures and observed that the GCL was handled in an
appropriate manner. The CQA personnel also compared the roll numbers of the GCL
rolls delivered to the manufacturer's bill of lading. An inventory of the rolls delivered for
the project was maintained by the CQA personnel and is available upon request. This
inventory also includes the rolls that were approved for installation based on MQC and
CQA test results and the rolls that were used during construction. Only approved rolls
were incorporated into the work.

5.2.2.2 Deplovment

Prior to GCL deployment, the installer signed certificates of acceptance for the liner
subbase, which are not included in the report but are available upon request. The GCL
rolls were lifted using a stinger bar attached to an off-road forklift. The rolls were
deployed by inserting a spreader bar attached to low-ground pressure, track-mounted
vehicle and unrolled. Panels were re-positioned as necessary using laborers.

CQA personnel monitored the deployment of the GCL rolls. During deployment, the
CQA personnel checked for the following:

r manufacturingdefects;

o damage that may have occurred during shipment, storage, and handlingi and

o damage resulting from installation activities.

a
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If any materials were observed to be damaged, the installer was notified and the
damaged materials were either discarded or repaired. CQA personnel observed repair
locations to verify conformance with the requirements of the CQA Documents.

CQA personnel also periodically monitored the deplo)rment of the GCL as well as its
condition after installation to ensure that the installer followed the following procedures:

o the GCL was unrolled and placed in a manner which kept the GCL in sufficient
tension to avoid excessive wrinkling and was securely anchored in the anchor
trench or ballasted with sand baes:

o the rolls were deployed with the woven geotextile in contact with the
geomembrane;

o adjacent GCL panels were overlapped a minimum of 6 inches along the length of
the panels and 12 inches along the width of the panels; and

o granular bentonite was added between overlap along the width of panels and

repaired areas;

. measures were taken to keep the GCL free of contamination and protected from
premature hydration; and

. geomembrane installation immediately followed installation of the GCL.

Any observed holes or te-ars in the GCL were repaired by the installer by placing a

patch of the same material over the hole or tear and at a distance of at least 1 ft beyond
the edges of the hole or tear. Granular bentonite was added around the damaged area

prior to overlaying the patch material. In areas where premature hydration of the GCL
was detected, the GCL was removed and replaced with new material.

5.3 CQA of Textured Geomembrane

5.3.1 Conformance Testing and Documentation

A 60-mi1 textured geomembrane was installed as primary and secondary liners in
Cell 4. The 60-mil textured geomembrane, MicrospikerM HDPE, was supplied by Agru
America in Georgetown, South Carolina. Conformance samples of textured
geomembrane were collected (from the rolls produced for the project) by Golder, which
coordinated with the manufacturer to collect the CQA samples at Agru America's
manufacturing plant. Golder also performed the CQA confornance testing in accordance

with the CQA Documents on the samples of textured geomembrane collected.
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The MQC certificates and test results and the CQA conforrnance test results were
reviewed by CQA personnel and were found to be in compliance with the CQA
Documents. The results of the MQC and CQA conformance tests are summarized in
Tables 5-24,5-28, and 5-2C. Table 5-2A presents the MQC and CQA test results for the
textured geomembrane. Table 5-2B presents the results for MQC resin properties for the
geomembrane lots and welding rods used for the project. Table 5-2C presents MQC
geomembrane properties for low temperature brittleness, dimensional stability, and
notched constant tensile load. Tables 5-2A, 5-28, and 5-2C indicate the tests that were
conducted, the required test frequencies, and the acceptance criteria in accordance with
the CQA Documents.

It is noted that Table 5-2A is organized with respect to the resin lot numbers and
indicates the roll numbers from each resin lot that were sampled and tested as part of the
MQC and CQA conformance testing. Each sheet of Table 5-2A also presents the total
number of rolls (and square footage) of the textured geomembrane received from the
respective resin lot number and the cumulative number of rolls (and square footage) of
the textured geomembrane received for the project (to evaluate the MQC and CQA test
frequencies for each lot and for the project).

A total of 11 CQA conformance samples were tested for approximately 1,090,000
ft2 of textured geomembrane delivered to the site for installation in Cell 4. The actual
CQA test frequency of 1 test per 99,070 ft2 for the textured geomembrane exceeded the
minimum frequency of 1 test per 100,000 ft2 required by the CQA Documents. As a

minimum, one conformance sample was tested during CQA from each resin lot supplied
for the project.

5.3.2 Field Monitoring Activities

5.3.2.1 Delivery and On-Site Storage

Upon delivery to the site, geomembrane rolls were stored in an area located south of
the Cell 4 construction area (i.e., future Cell 5 footprint) and stacked on an elevated
platform. The rolls were typically transported by an off-road forklift with a spreader bar
attachment or using the nylon slings which were attached to each ro11. CQA personnel
periodically monitored the installer's delivery, unloading, and storage procedures to
ensure that the material was handled in an appropriate manner. The CQA personnel also
compared the roll numbers of the geomembrane rolls delivered to the manufacturer's bill
of lading. An inventory of the rolls delivered for the project was maintained by the CQA
personnel and is available upon request. This inventory also includes the rolls that were
approved for installation based on MQC and CQA test results and the rolls that were used
during construction. Only approved rolls were incorporated into the work.
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5.3.2.2 Deplo:,tment

The geomembrane rolls were lifted using a spreader bar attached to an off-road
forklift. The panels were positioned using laborers assisted by a track-mounted, low-
ground pressure, ATV.

CQA personnel monitored the deployment of each geomembrane panel. During
deployment, the CQA persormel checked for the following:

o manufacturingdefects;

o damage that may have occurred during shipment, storage, and handlingi and

o damage resulting from installation activities, including damage as a consequence

of panel placement, seaming operations, or weather.

If any materials were observed to be damaged or deficient, the installer was notified
and the damaged materials were either discarded or repaired. CQA personnel observed

and documented the repair locations to verify compliance with the CQA Documents.
Details of the geomembrane panel placement were recorded by CQA personnel on panel
placement logs, which are not included in the report but are available upon request.

5.3.2.3 Trial Seams

Prior to production seaming, the installer prepared geomembrane trial seams for each

piece of seaming equipment to be used. Additional trial seams were prepared

approximately every five hours or when field conditions changed. CQA personnel

evaluated the trial seams as follows:

o trial seams were welded under similar conditions as production seaming;

o test strips were cut from the trial seams at random locations with a die press;

o three test strips were tested using a field tensiometer and compared to the passing

criteria for the tests. which were as follows:

Fusion

. Peel tests - a minimum bonded seam strength of 78 lb/in.; and

. Slrear test - aminimum bonded seam strensth of 120 lb/in.

Extrusion

, Peel test - aminimum bonded seam strength of 70 lb/in.; and
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. Shear test - aminimum bonded seam strength of 108 lb/in.

If trial welds failed, the machine or welding process was adjusted and a new trial
seam was made. The new sample was tested to ensure compliance with the above
strength requirements. The procedure was repeated, as needed, until passing results were
obtained.

Trial seam samples were not archived. Details of the trial seams, including the trial
seam test results, are included in Appendix B of this report.

5.3.2.4 Production Seams

Geomembrane production seaming operations were monitored by CQA personnel.
The majority of the geomembrane production seams were fabricated using double-track
fusion welders. Seam repairs were made using hand-held extrusion welders. Rub sheets
were periodically used during production seaming to provide a clean surface to weld
over. During or after fabrication, the geomembrane seams were visually examined for
workmanship and continuity. Geomembrane seaming logs are included in Appendix B of
this report.

5.3.3 Nondestructive Seam Testing

5.3.3.1 Scope

Nondestructive testing of geomembrane seams was periodically monitored by CQA
personnel. All geomembrane seams were nondestructively tested for continuity by the
installer using the air pressure procedure for double-track fusion seams and the vacuum-
box test procedure for extrusion welded seams. Failed air pressure seams, if applicable,
were capped and then retested using vacuum-box test methods after determining the
failed seam length. Leaks identified using the vacuum-box method were repaired and
retested as described in Section 5.3.5.

5.3.3.2 Air Pressure Testing

Accessible double-track fusion seams were nondestructively tested using the air
pressure test. The procedure used by the installer for air pressure testing was as follows:

o visually observe the integrity of the annulus of the section of seam being tested
and isolating the section by sealing the ends using heat and pressure;

e insert the needle of a pressure test apparatus into the annulus at one end of the
seam;
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o inflate the annulus to a gauge pressure of a minimvm 25 psi with an air pump and

maintain the gauge pressure for at least 5 minutes;

. repair faulty area in accordance with Section 5.3.5 if the pressure loss exceeds 3

psi or if the pressure does not stabilize; and

o confirm airflow through the entire annulus by releasing the air from the seam at

the opposite end from where the needle was inserted.

5.3.3.3 Vacuum-Box Testing

The vacuum-box was used by the installer to nondestructively test extrusion seams

and repairs. The procedure used by the installer for vacuum testing was as follows:

o wet a strip of seam with a soapy solution;

place the vacuum-box assembly over the wetted area, close the bleed valve and

open the vacuum valve;

o force the box onto the sheet until a vacuum is observed;

o examine the seam through the viewing window for a period of approximately 20

seconds for the occuffence of air bubbles;

. remove the assembly and continue the process over the entire length of the seam;

and

o record the location of anv leaks.

Nondestructive seam test results for primary and secondary liner in Cell 4 are

presented in Appendix B. If nondestructive testing indicated that repairs were necessary,

repairs were made in accordance with procedures presented in Section 5.3.5. All repairs

were tested using the vacuum-box test procedure.

5.3.4 Destructive Seam Sample Testing

5.3.4.I Scope

ln accordance with the CQA Documents, CQA personnel identified and collected

geomembrane seam samples for destructive testing. The samples were tested by the

CQA personnel in the on-site geosynthetics laboratory.

For a destructive seam sample to be considered as passing, the seam strength criteria
described in Section 5.3.2.3 had to be met for at least four out of the five test specimens
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obtained from the sample. In addition, if one non-FTB failure was observed, the average
of the five test specimens had to meet the specified strength criterion.

5.3.4.2 SamplinsProcedures

Prior to the removal of the full seam sample, fwo geomembrane test strips were taken
by the installer from either end of the proposed destructive sample. Each strip was peel-
tested in the field. If the peel samples exhibited passing results, the adjacent destructive
seam sample was removed and tested. At each destructive seam sample location, a test
sample measuring approximately 12 in. across the seam and 42 in. along the seam was
obtained. The sample was divided into three pieces and distributed to: (i) the on-site
geosynthetics laboratory for testing, (ii) the installer, and (iii) the owner as an archive
sample.

5.3.4.3 Test Results

On-site laboratory testing of geomembrane seam samples was performed in
accordance with the CQA Documents. At the on-site geosimthetics laboratory, five l-in
wide test specimens were removed from the destructive seam sample using a die press.

On a calibrated tensiometer, five test specimens were peel-tested for adhesion strength.
For fusion seams, peel tests were performed on both the bottom (inside track) and top
(outside track) peels. Additionally, five specimens were tested for shear strength. The
seam acceptance/rejection criteria described in Sections 5.3.2.3 and 5.3.4.1 were used to
evaluate the destructive seam samples.

The destructive seam test results are summarizedrnTable 5-3. The destructive seam
test results for primary and secondary liners installed in Cell 4 are presented in Tables 5-
3A and 5-3B, respectively. For primary liner installed in Cell 4, 48 destructive seam
samples were tested for a total seam length of 22,982 ft (approx.). This corresponds to an
approximate sample frequency of 1 per 479lf of seam. For secondary liner installed in
Cell 4, 53 destructive seam samples were tested for a total seam length of 21,563 ft
(approx.). This corresponds to an approximate sample frequency of I per 407 lf of seam.
The actual destructive seam test frequencies exceeded the minimum frequency of I per
500 lf of production seams required by the CQA Documents.

As part of destructive seam testing of geomembranes during CQA, a total of 101

destructive seam samples were tested. All liner seam samples tested destructively during
construction of Cell 4 met the strength criteria noted in Section 5.3.2.3.

5.3.5 GeomembraneRepairs

The repair procedures presented in this subsection were used by the installer to patch
holes and tears, spot-extrude impact damage or other minor defects, and for grinding and
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extrusion welding small sections of failed fusion seams (if the exposed edge was

accessible). In the cases where patches or caps were used to repair the damaged
geomembrane (i.e., small holes, tears, or on seams which failed nondestructive or
destructive testing), an approximately l2-rn wide capping strip was used.

During the repair or panel tie-in operations, the foilowing procedures were
implemented:

o technicians and seaming equipment used were required to pass trial welds;

r patches or caps extended at least 6 in. beyond the edge of the defect and all
corners were rounded: and

o repairs were tested using vacuum box and visually observed for continuity.

Seam and panel repair logs prepared by GeoSl.ntec during CQA are included in
Appendix B of this report. Record drawings illustrating layout of panels and the location
of seams and repairs are included in Appendix C.

5.4 CQA of Primarv Gegcomnosite

5.4.1 Conformance Testing and Documentation

A tri-planar geocomposite was used as the primary drainage geocomposite in the
double composite liner system in Cell4. The primary geocomposite used was Tendrain
7100-2 manufactured by the Tenax Corporation (Tenax) in Baltimore, Maryland. The
primary geocomposite conformance samples were collected by Golder, which
coordinated with the manufacturer to collect the CQA samples at the Tenax's
manufacturing plant in Evergreen, Alabama. Golder also performed the CQA
conformance testing on the samples of primary geocomposite collected.

The MQC certificates and test results and the CQA confofinance test results were
reviewed by CQA personnel and were found to be in compliance with the CQA
Documents. The results of the MQC and CQA conformance tests for 218 rolls (547,800
ft2; of primary geocomposite are summarized in Tables 5-4A,5-4B, and 5-4C. Table 5-
4A presents the CQA and MQC test results for the primary geocomposite rolls produced
for the project. Table 5-4B presents the MQC test results for the geotextile rolls used to
manufacture the primary geocomposite rolls produced for the project. Table 5-4C
presents the MQC test results for the geonet rolls used to manufacture the primary
geocomposite rolls for the project.

Table 5-4A presents the CQA and MQC test results for the primary
rolls and CQA test results for the geotextile component of the primary

geocomposite

geocomposite.
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Table 5-4A also indicates the tests that were conducted, the required test frequencies, and
the acceptance criteria in accordance with the CQA Documents. A total of 3 CQA
conformance samples were tested for 547,800 ft2 of primary geocomposite approved for
installation in Cell 4. The actual CQA test frequency of 1 test per 182,600 ft2 (approx.)
of the primary geocomposite exceeded the minimum frequency of 1 test per 200,000 ft2

required by the CQA Documents. As noted in Table 5-4A, a minimum of one
conformance sample was tested during CQA from each geocomposite lot.

It is noted that during CQA and MQC testing, the transmissivity of the primary
geocomposite was measured under compressive stresses of 500 psf and 13,500 psf for
100 hours. The tests were performed with the primary geocomposite sandwiched
between 60-mil textured geomembrane and the soil actually used as part of the liner
protective layer. The transmissivity of the primary geocomposite reported in Table 5-4A
is the minimum transmissivity measured during the 1O0-hour test.

Table 5-4B presents the MQC test results for the geotextile component of the
primary geocomposite rolls approved for the project. Several rolls of primary
geocomposite were manufactured from the same ro11 of geotextile. Approximately
1,095,600 ft2 of geotextile was used to manufacture the primary geocomposite rolls for
the project. As part of the MQC testing, 11 geotextile rolls were tested for mass per unit
area, grab strength, trapezoidal tear strength, puncture strength, and burst strength.
Apparent opening size and permittivity tests were performed on 5 geotextile samples.
The approximate MQC test frequency of 1 test per 99,600 ft2 1or 219,100 ft2; for the
geotextile component of the primary geocomposite meet the minimum frequency of 1 test
per 100,000 ft2 (or 250,000 ft2) required by the CQA Documents for the respective tests.

Table 5-4C presents the MQC test results for the geonet component of the primary
geocomposite rolls approved for the project. Several rolls of primary geocomposite were
manufactured from the same roll of geonet. Twenty geonet rolls were tested for 547,800
ft2 of geonet used to manufacture the primary geocomposite for the project. The MQC
test frequency of 1 test per 27,400 ft2 (approx.) for the geonet component of the primary
geocomposite rolls exceeded the minimum frequency of 1 test per 100,000 ft2 required by
the CQA Documents.

5.4.2 Field Monitoring Activities

5.4.2.1 Deliver.v and On-Site Storage

Upon delivery to the site, primary geocomposite rolls were stored in an area located
south of the Cell 4 construction area (i.e., future Cell 5 footprint) and stacked on an

elevated platform. The rolls were tlpically transported by an off-road forklift. CQA
personnel periodically monitored the installer's delivery, unloading, and storage
procedures to ensure that the material was handled in an appropriate maruler. The CQA

FQ069liCQAReport 5-10 10-May-05



GeoSyntec Consultants

personnel also compared the roll numbers of the primary geocomposite rolls delivered to
the manufacturer's bill of lading. An inventory of the rolls delivered for the project was
maintained by the CQA personnel and is available upon request. This inventory also
includes the rolls that were approved for installation based on MQC and CQA test results
and the rolls that were used during construction. Only approved rolls were incorporated
into the work.

5.4.2.2 Deplqment

CQA personnel monitored the deployment of the primary geocomposite for
manufacturing defects, damage that may have occurred during shipment, storage, or
handling, and damage resulting from installation activities. If the materials were
observed to be damaged, the installer was notified and the damaged materials were either
discarded or repaired. CQA personnel observed repair locations to verify conformance
with the CQA Documents. CQA personnel periodically monitored the deployment of the
primary geocomposite, as well as its condition after installation, to confirm that the
installer took measures to:

o securely anchor the geonet composite in the anchor trench or ballast it with sand

bags;

o unroll the geonet composite down the slope (i.e., rolls were aligned perpendicular
to the slope contours) in a manner that kept the panel in sufficient tension to
avoid excessive wrinkling;

o avoid entrapment of dust, stones, or other objects that would damage or clog the
geonet composite;

o avoid damaging the underlying geomembrane during deplolmrent;

overlap the bottom geotextile edges;

. secure the geonet composite panels with nylon fasteners, installed on a maximum
5-ft spacing laterally and at 1-ft spacing on end seams; and

o overlap and continuously sew the upper geotextile edges.

Any observed holes in the geotextile component of the primary geocomposite were
repaired by placing a patch of non-woven geotextile over the hole that extended at least
one foot beyond the edge of the hole. These patches were continuously thermally bonded
to the undamaged portion of the geocomposite. This method was also used along the tie-
in at the toe of the slope and along trimmed panels. Any observed holes or tears in the
geonet component of the composite were repaired by the installer by placing a patch of
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the same material over or under the hole or tear, at least 2-ft beyond the edges of the hole
or tear. These patches were secured using nylon fasteners, followed by thermal bonding
of the uppermost geotextile of the patch to the undamaged portion of the geocomposite.

5.5 CQA of Secondary Geocomposite

5.5.1 Conformance Testing and Documentation

A bi-planar geocomposite was used as secondary drainage geocomposite in the
double composite liner system in Cell4. The secondary geocomposite used was Transnet
270-2-8 geocomposite manufactured by SKAPS Industries in Commerce, Georgia. The
secondary geocomposite conformance samples were collected (from the rolls produced
for the project) by Golder, which coordinated with the manufacturer to collect the CQA
samples at the SKAPS' manufacturing plant in Commerce, Georgia. Golder also
performed the CQA conformance testing on the samples of the secondary geocomposite
collected.

The MQC certificates and test results and the CQA conforrnance test results were
reviewed by CQA personnel and were found to be in compliance with the CQA
Documents. The results of the MQC and CQA conformance tests results for 197 rolls
(551,600 ft2) are summarized in Tables 5-5A, 5-5B, and 5-5C. Table 5-5A presents the
CQA and MQC test results for the secondary geocomposite rolls produced for the project.
Table 5-5B presents the MQC test results for the geotextile rolls used to manufacture the
secondary geocomposite rolls for the project. Table 5-5C presents the MQC test results
for the geonet rolls used to manufacture the secondary geocomposite rolls for the project.

Table 5-5A presents the CQA and MQC test results for the secondary geocomposite
rolls and CQA test results for the geotextile component of the secondary geocomposite.

It includes the tests that were eonducted, the required test frequencies, and the acceptance
criteria in accordance with the CQA Documents. A total of 3 CQA conformance samples
were tested for approximately 551,600 ft2 of secondary geocomposite delivered to the site
for installation in Cell 4. The actual CQA test frequency of I test per 184,000 ft2
(approx.) of the secondary geocomposite exceeded the minimum frequency of I test per
200,000 ft2 required by the CQA Documents. As noted in Table 5-5A, all the geonet

used in the manufacture of the secondary geocomposite belonged to a single lot.

It is noted that during CQA and MQC testing, the transmissivity of the secondary
geocomposite was measured under compressive stresses of 500 psf and 13,500 psf for
100 hours. The tests were performed with the secondary geocomposite sandwiched
between a GCL and a 60-mi1 textured geomembrane. The transmissivity of the
secondary geocomposite reported in Table 5-5A is the minimum transmissivity measured
during the 100-hour test.
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Table 5-58 presents the MQC test results for the geotextile component of the
secondary geocomposite rolls approved for the project. Several rolls of secondary
geocomposite were manufactured from the same roll of geotextile. 20 geotextile rolls
were tested for approximately 1,T03,200 ft2 of geotextile used to manufacture the
secondary geocomposite rolls for the project. The MQC test frequency of 1 test per
55,200 ft2 (approx.) for the geotextile component of the secondary geocomposite
exceeded the minimum frequency of 1 test per 100,000 ftz required by the CeA
Documents.

Table 5-5C presents the MQC test results for the geonet component of the secondary
geocomposite rolls approved for the project. Several rolls of secondary geocomposite
were manufactured from the same roll of geonet. 20 geonet rolls were tested for 551,600
ft2 of geonet used to manufacture the secondary geocomposite rolls delivered for the
project. The MQC test frequency of 1 test per 28,000 ft2 (approx.) for the geonet
component of the secondary geocomposite exceeded the minimum frequency of 1 test per
100,000 ft2 required by the CQA Documents.

5.5.2 Field Monitoring Activities

5.5.2.1 Delivery and On-Site Storage

Upon delivery to the site, secondary geocomposite rolls were stored in an area
located south of the Cell4 construction area (i.e., future Cell 5 footprint) and stacked on
an elevated platform. The rolls were typically transported by an off-road forklift. CQA
personnel periodically monitored the installer's delivery, unloading, and storage
procedures to ensure that the material was handled in an appropriate manner. The CQA
personnel also compared the roll numbers of the secondary geocomposite rolls delivered
to the manufacturer's bill of lading. An inventory of the rolls delivered for the project
was maintained by the CQA personnel and is available upon request. This inventory also
includes the rolls that were approved for installation based on MQC and CQA test results
and the rolls that were used during construction of Cell 4. Only approved rolls were
incorporated into the work.

5.5.2,2 Deplovment

CQA personnel monitored the deployment of the secondary geocomposite for
manufacturing defects, damage that may have occurred during shipment, storage, or
handling, and damage resulting from installation activities. If the materials were
observed to be damaged, the installer was notified and the damaged materials were either
discarded or repaired. CQA personnel observed repair locations to verify conformance
with the CQA Documents. CQA personnel periodically monitored the deployment of the
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secondary geocomposite, as well as its condition after installation, to confirm that the

installer took measures to:

securely anchor the geonet composite in the anchor trench or ballast it with sand

bags;

unroll the geonet composite down the slope (i.e., rolls were aligned perpendicular

to the slope contours) in a manner that kept the panel in sufficient tension to
avoid excessive wrinkling;

o avoid entrapment of dust, stones, or other objects that would damage or clog the

geonet composite;

o avoid damaging the underlying geomembrane during deployment;

. overlap the bottom geotextile edges;

o secure the geonet composite panels with nylon fasteners, installed on a maximum
5-ft spacing laterally and at 1-ft spacing on end seams; and

. overlap and continuously sew the upper geotextile edges.

Any observed holes in the geotextile component of the secondary geocomposite were
repaired by placing a patch of non-woven geotextile over the hole that extended at least

one foot beyond the edge of the hole. These patches were continuously thermally bonded
to the undamaged portion of the geocomposite. This method was also used along the tie-
in at the toe of the slope and along trimmed panels. Any observed holes or tears in the
geonet component of the composite were repaired by the installer by placing a patch of
the same material over or under the hole or tear, at least 2-ft beyond the edges of the hole
or tear. These patches were secured using nylon fasteners, followed by thermal bonding
of the uppermost geotextile of the patch to the undamaged portion of the geocomposite.

5.6 CQA of Non-Woven Geotextile

5.6.1 Conformance Testing and Documentation

A non-woven geotextile was used as filter fabric to surround the aggregate in the

leachate collection system and as a separator in the leachate sump in Cell 4. The 8-
ozly&, needle-punched, non-woven geotextile (GT-1S0) was manufactured by SKAPS
Industries in Commerce, Georgia. The CQA conformance samples for the non-woven
geotextile were collected by GeoSyntec on-site and shipped to Golder. Golder performed
the CQA conformance testing on the samples of the non-woven geotextile collected.
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The MQC certificates and test results and the CQA conforrnance test results were
reviewed by CQA personnel and were found to be in compliance with the CQA
Documents. The results of the MQC and CQA conformance tests are summarized in
Table 5-6. Table 5-6 also indicates the tests that were conducted, the required test

frequencies, and the acceptance criteria in accordance with the CQA Documents.

A CQA conformance samples was tested for approximately 27,000 ft2 of the non-
woven geotextile delivered to the site for installation in Cell 4. The actual CQA test

frequency of 1 test per 27,000 ft2 of non-woven geotextile exceeded the minimum testing
frequency of 1 test per 200,000 ft2 required by the CQA Documents.

5.6.2 Field Monitoring Activities

5.6.2.1 Deliveryt and On-Site Storage

Upon delivery to the site, non-woven geotextile rolls were stored in an area located
south of the Cell 4 construction area (i.e., future Cell 5 footprint) and stacked on an

elevated platform. The rolls were typically transported by an off-road forklift. CQA
personnel periodically monitored the installer's delivery, unloading, and storage
procedures to ensure that the material was handled in an appropriate manner.

5.6.2.2 Deplqment

CQA personnel monitored the deployment of the non-woven geotextile rolls for
manufacturing defects; damage that may have occurred during shipment, storage, and

handling; and damage resulting from installation activities. If any materials were
observed to be damaged, the installer was notified and the damaged materials were either
discarded or repaired. CQA personnel observed repair locations to verify conformance
with the requirements of the CQA Documents.

After deployment of the geotextile, CQA personnel observed that the installer
overlapped geotextile panels end-to-end a minimum of 24-rn. and either heat tacked the
geotextile or continuously sewed the 6-in overlap.

5.7 Interface Friction Testing

As discussed in Section 2, the liner system in Cell 4 consists (from top to bottom) of
the liner protective layer, primary geocomposite, primary liner, primary GCL, secondary
geocomposite, secondary liner, secondary GCL and prepared subbase. Tests were
performed in accordance with the CQA Documents to evaluate the interface shear

strength for the various components of the liner system and the intemal strength of the

GCL. All tests for interface shear strength and the intemal strength of the GCL were
performed by SGI Testing Services, LLC, (SGD in Norcross, Georgia.
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The interface shear and the intemal strength tests were performed as part of CQA and

MQC testing. The CQA tests were performed using samples of geosyrthetics collected
from rolls that were actually installed in Cell 4. The MQC tests were performed on rolls of
similar geospthetics (as used for this project) as part of material approval. The soils for
liner protective layer and liner subbase were obtained from the Bronsons Borrow Pit and
were similar to the sandy soils used in construction. The following rolls of geospthetics
were used for the CQA interface shear and the intemal strength tests:

. GCL-Roll #1566 (I-ot#200510LO);
o Textured geomembrane -Roll #107217 (I-ot#7141685);
o Tri-Planar geocomposite - Roll #5500131 (Lot #55004); and

o Bi-Planar geocomposite - Roll #1524103 (lnt #ll0zl).

The 6 different interfaces between the various components of the liner system and the

internal strength of the GCL were tested at normal stresses of 5,000, 10,000, and 15,000 psf.

Peak (at small displacement) and residual (at large displacements) shear strengths were
measured at each normal stress. The interface shear tests were conducted under
wetted/saturated conditions. GCL was soaked and consolidated prior to testing. The
following liner system interfaces were tested (from top to bottom):

(1) Liner protective layer soil / Tri-planar geocomposite;
(2) Tri-planar geocomposite / Textured geomembrane;
(3) Textured geomembrane IGCL (woven side);
(4) GCL (non-woven side) / Bi-planar geocomposite;

(5) Bi-planar geocomposite / Textured geomembrane;

(6) GCL (non-woven side) / Subbase soil; and
(7) Intemal strensth of the GCL.

It is noted that the GCL was installed with the non-woven geotextile down in
accordance with Manufacturer's recommendation. However, CQA interface friction tests

were also conducted for the followine conditions:

Textured geomembrane / GCL (non-woven side);

GCL (woven side) / Bi-planar geocomposite; and

GCL (woven side) / Subbase soil.

The minimum shear strengths required by the CQA Documents are presented in Table
5-7 A. The measured peak and residual shear strengths for all the CQA and MQC tests
performed are summarizedinTable 5-7B. Figures 5-1 and 5-2 present the peak and residual
shear strengths, respectively, for CQA interface shear and the internal strength tests
performed. As noted, the measured peak and residual shear strengths exceeded the
minimum specification requirements.

(1)

(2)

(3)

FQ0691/CQAReport 5-16 l0-May-05
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Table 5-2B

MQC TEST RESULTS FOR RESIN USED TO MANUFACTURE TEXTURED
GEOMEMBRANE AND WELDING RODS

Product Name Supplier Name
Density

(g/cm3)

Melt lndex
(g/10 min)

Percent of
Reclaimed Polymer

TEST
STANDARD

A5 IM
D1505

ASTM
D 1238

PROJECT

SPECS. >0.932 <1.0 0Yo

TESTING
FREQUENCY

1 per Lot

Geomembrane
Lot Number

TEST RESULTS PASS/FAIL
(P/F)

7141677
Marlex Polyethylene

K307 Bulk
Chevron Phillips 0.936 0.20 0% P

7141685
Marlex Polyethylene

K307 Bulk
Chevron Phillips 0.937 0.23 0% P

7141684
Marlex Polyethylene

K307 Bulk
Chevron Phillips 0.936 0.22 0% P

Welding Rods TEST RESULTS PASS/FAIL
(P/F)

7141679
Marlex Polyethylene

K307 Bulk
Chevron Phillips 0.936 0.21 0% P

7141685
Marlex Polyethylene

K307 Bulk
Chevron Phillips 0.937 0.23 0% P

8241416
Marlex Polyethylene

K307 Bulk
Chevron Phillips 0.939 0.28 0% P

81 501 94
Marlex Polyethylene

K307 Bulk
Chevron Phillips 0.937 0.26 0% P

J:\TWP\FQ\FQ0691-Oak Hammock Cell 4\Resident Engg\Report\Tables Fig Section S\Table 5-2 GeomembraneTextured



Table 5-2C

MISCELLANEOUS MQC TEST RESULTS FOR 60-miITEXTURED GEOMEMBRANE (AGRU AMERTCA)

Low Temperature
Britleness

('c)

Dimensional
Stability

("/")

Notched Constant
Tensile Load

(hrs)

TEST
STANDARD

ASTM
D 746

ASTM
D 1204

ASTM
D 5397

PROJECT

SPECS.
<-60 <!2 >200

TESTING
FREQUENCY 1 per Lol 1 per Lot 1 per40,000

Geomembrane
Roll Number

TEST RESULTS PASS/FAIL
(P/F)

106465 Pass -0.95 405 P

106582 Pass -0.73 325 P

1 0671 8 234 P

107225 Pass 234 P

J:\TWP\FQ\FQ0691-Oak Hammock Cell 4\Resident Engg\Report\Tables Fig Section 5\Table 5-2 GeomembraneTextured
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Table 5-4A

cQAAND MQC TEST RESULTS FOR pRrMARy GEOCOMPOSTTE (TENAX)

coNSTRUCTTON QUALTW ASSURANCE (CQA)
MANUFACTURING OUALITY

CoNTROL (MOC)

PROPERTY

GEOTEXTILE GEOCOMPOSITE GEOCOMPOSITE

Mass per

Unit Area

(ozJyd2\

Grab

Strength'
(tb)

Trapezoidal

Tear

Strength 
2

(tb)

Apparenl

Opening

Size
(mm)

Permittivit'

(sec'')

Transmissivity

(mzlsec)

Peel

Strength
(lb/in)

Transmissivity

1m2/sec)

Peel

Strength

(lb/in)

TEST
STANDARD

ASTM

D 526'l

ASTM

D 4632
ASTM

D 4533

ASTM

D 4751

ASTM

D 4491

ASTM

D 4716
ASTM

F 904

ASTM

D 47't6
GRI

GC7

PROJECT

SPECS.
>8 >180 >75 <0.21 >o.5

>7.8x10-3

at 500 psf
>2.6x103

at 13,500 psl
>1.0

>7.8x10-3

at 500 psf
>2.6x10-3

rt 13,500 ps
>1.0

TESTING
1 per 200,000 fl24 1 per 500,000 fl24 1 per 200,000 ft24 1 pe|l00,000 ft2a

ROLL NUMBER
LOT
NO.

CQA
SAMPLE ID

COATEST RESULTS MQC TEST RESULTS

PASS/FAII
(PtFl

cctA MQ(

200506208

35014
14.60x103 5.29x10i 2.9 P

200506231 c4-PGC-1 8.4 270.4 89.1 0.091 1.42 1.0x10-2 2.6x1oi 3.70 P

5500046

55004

1.3x10-2 3.3x10-3 P

5500084 1.4x10'2 4.8x103 3.41 P

5500122 1.4xlO'2 4.0x'10-3 1.63 P

5500131 
5 o.z 281.2 95.1 0.075 1.08 9.8x10-3 3.4x10i 't.10 P

5500163 1.5x10-2 3.1x1 0-3 1.05 P

5500202 1.4x1O'2 3-6x103 P

5500224 c4-PGC-3 8.8 314 11'l 7 0.09 1.05 1.02x10'2 3.4x'l0i 1.20 P

Notes:
I Srnaller of top and bottom average ross per unit area
2 Sroller of average value in machine or cross-rnachine direction.
3 SnEller of top and bottom average peel strength.
4 A minimum of 1 test per lot was required.

5 This roll was used lo perform interface friction tests.

Werage Roll Area (200 ft x 12 ft):

Total No. of Rolls:

Total Area of Rolls:

2,400

218

547,800

ft2

ft2

JITWP\FQ\FQ0691-Oak Hammock Cell 4\Resident Engg\Report\Tables Fig Section 5\Table 5-4 GeocompositeTri-planar



Table 5-4B

MQC TEST RESULTS FOR GEOTEXTILE USED TO MANUFACTURE
PRTMARY GEOCOM POSTTE (TENAX)

PROPERTY
Mass per

Unit Area

1oz1yd2)

Grab

Strength 
1

(tb)

Trapezoidal

Tear Strength 
1

(tb)

Puncture
Strength

0b)

Mullen Burst Shength, (psi)

or
CBR Puncture Strength, (lb)

Apparent
Opening Size

(mm)

Permittivity

(sec1)

TEST

STANDARD
ASTM
D 5261

ASTM
D 4632

ASTM

D 4533
ASTM

D 4833

ASTM
D 3786

(Burst Shength)

ASTM

D 6241
(cBR)

ASTM
D 4751

ASTM
D 4491

PROJECT

SPECS. >8 >180 >75 >75 >350 >449 <0.21 >0.5

TESTING

FREAUENCY 1 per 100,000 d 1 per 250,000 ft2

GEOTEXTILE
ROLL NUMBER

LOT

NO.
TEST RESULTS PASS/FAII

(P/F)

30051 1 3

30034

792.3 P

3005122 580.2 P

30051 90 604.5 Y

30051 94 8.2 303.'1 102.5 1 66.1 471.6 0.'10 1.50 P

3005360 8.7 330.8 110.4 172.8 P

3006597

30049

727.4 P

3006612 8.4 248.1 136.2 1U.1 762.3 0.10 1.63 P

3006726 718.6 P

3006751 725.8 P

3006761 711.4 P

3006770 d.c 271.8 122.7 148.1 445.0 700.2 0.10 '1.62 r
6006791 640.5 P

3006796 684.0 P

300661 7

30050

775.1 P

3006618 767.4 P

3006621 772.4 P

3006627 695.2 P

500001 7

50001

8.6 323.6 09.0 1M.7 P

5000021 8.5 323.0 UU.5 1^4 t P

5000024 8.6 320.2 03.0 140.2 816.5 0.10 1.21 P

5000028 9.1 324.8 11.5 141.0 P

5000032 8.8 347.4 cd.o 144.9 P

5000035 8.4 352.3 203.8 153.6 861.1 0.099 L19 P

5000039 8.7 328.8 186.8 145.3 P

Note
I Smaller value in machine and cross-machine directions.

iotal Area of Geotextile Rolls:

,lo. of Geotextile Rolls Tested

1,095,600

11 t5
f(

iestFrequency: 'l per 99,600/219,'t00 fi2

J:\TWP\FQ\FQ0691-Oak Hammock Cell 4\Resident Engg\Report\Tables Fig Section S\Table 5-4 GeocompositeTri-planar



Table 5-4C

MQC TEST RESULTS FOR GEONET USED TO MANUFACTURE
PRTMARY GEOCOMPOSTTE (TENAX)

PROPERTY
Polymer
Density

(g/cm3)

Carbon
Black Content

(%t

Thickness
(mil)

TEST
STANDARD

ASTM
D 1505

ASTM
D'1603

ASTM
D 5199

PROJECT
. SPECS. 0.93 2to3 200

TESTING
FREQUENCY 1 per 100,000 ft2

GEONET
ROLL NUMBER

LOT NO. TEST RESULTS PASS/FAIL
(P/F)

3300972

33026

0.942 2.85 310.3 P

3300968 0.942 2.58 313.2 P

3300970 0.942 2.57 310.5 P

3300974 0.947 2.81 323.7 P

3300978 0.951 2.78 335.0 P

3300982 0.943 2^57 317.5 P

3300960 0.952 2.46 337.0 P

3300954 0.952 2.55 310.7 P

5300014

53004

0.952 2.57 320.7 P

5300016 0.952 2.68 322.7 Y

530001 8 0.952 2.67 314.7 P

5300020 0.952 2.38 334.8 P

5300022 0.952 2.58 327.0 P

5300024 0.950 2.52 J4I .U P

5300026 0.950 z-o I 322.4 P

s300028 0.950 z.cu 328.7 P

5300030 0.950 3.00 324.7 P

5300032 0.950 2.20 341.5 P

5300034 0.950 2.27 339,8 P

5300036 0.950 2.08 339.1 P

\rea of Geonet Rolls:

tlo. of Geonet Rolls Tested:

fest Frequency:

547,800

20

27,390

t(

1 per tt

JITWP\FQ\FQ0691-Oak Hammock Cell 4\Resident Engg\Report\Tables Fig Section 5\Table 5-4 GeocompositeTri-planar



Table 5-5A

CQAAND MQC TEST RESULTS FOR SECONDARY GEOCOMPOSITE (SKAPS)

JTTWP\FQ\FQ0691-Oak Hammck Cell 4\Resldent Engg\Report\Tables Fig Section s\Tabte 5-5 ceocompositeBi-ptanar

CONSTRUCTION QUALITY ASSURANCE (CQA} MANUFACTURING QUALITY
CONTROL (MQC)

PROPERTY

GEOTEXTILE GEOCO[4POSITE GEOCOMPOSITE

Mass per

Unit Area 
I

(ozlyd2)

Grab

Strength 
2

(tb)

Trapezoida

Tear

Strength 
2

flhl

Apparent

Opening

Size
(mm)

(sec1)

Transmissivity

(m?sec)

Peel

Strength

(lb/in)

Transmissivity

(m?sec)

Peel

Strength

(lb/in)

TEST
STANDARD

ASTM

D 5261
ASTM

D 4632
ASTM

D 4533
ASTM

D 4751
ASTM

o 4491

ASTM

D 4716
ASTM

F 904

ASTM

D 4716
GRI

PROJEGT

SPECS.
>8 >180 >75 <0.21 >0.5 >5.Ox'l0a

at 500 psf
>1.5x'10r

at '13,500 psr
>1.0

>5.0x10{
at 500 psf

>1.5x1 0a
at 13,500 psj

>1.0

TESTING
1 per 2OO,OOO ft'?a 1 per SOO,OOO ft2a 1 per 200,000 ft'?a 1 per 100,000 ft24

GEOCOMPOS]TE

ROLL NUMBER

LOT
NO.

CCIA

SAMPLE ID TEST RESULTS TEST RESULTS

PASS/FAL
(P/F)

CQA MQC

rs24001

't1021

2.0x103 '1.0x10r 1.29 P

1524009 c4-sGc-1 8.9 102.6 0.1 14 't.14 2.3x10'3 1.^103 2.3 P

1524010
1.76 P

1524020
1.43 P

1524030
1.57

1524035
1.9x'10'3 1.2x103

1524040
1.30 P

1524050
1.62 P

1 524060
1.47 P

1524070
2.1x10'3 1.0x'10-3 1.82 P

1 524080
1.70 P

1524090
1.79 P

1524100 't.25 P

1524103 
5 c4-sGc-2 9.0 232 89.9 0.106 '1.00 2.7x1Oa '1.2x103 2.5 P

'1524105
1.9x'10-3 1 .1xl 0' P

1524110
1.42 P

1524120
1.36 P

1524130
1.50 P

't524140
1.9x103 '1.2x10'3 1.28 P

1524150
1.46 P

1524160
1.32 P

1s24170
1.78 P

1524175
2.0x10-3 I .0x10 3 P

1524180
1.64 P

1524182 c4-sGc-3 8.8 231 91.6 0.11 1.06 3.8x10i 1.5x10-3 '1.5 P

1524190 '1.85 P

1 Srnaller of top and botlom average rtass per unit area.
2 Srnaller of average value in rnachine or cross-rnachine direction.
s SnEller of top and bottom peel strength.
4 A minimum of 1 test per lol was required.
s This roll was used to perform interface friction tests.

Verage Roll Area:

fotal No. of Rolls:

fotal Area of Rolls:

2,800

197

551,600

t(

ft2



Table 5-5B

MQC TEST RESULTS FOR GEOTEXTILE USED TO MANUFACTURE
SEcoNDARY GEOCOMPOSTTE (SKAPS)

PROPERry
Mass per

Unit Area

(ozlyd2)

Grab

Strength 
1

(tb)

Trapezoidal

Tear Strength 
1

(lb)

Puncture
Strength

(tb)

Burst
Strength

(lb/in2)

Apparent
Opening Size

(mm)

Permittivity
(sec1)

TEST
STANDARD

ASTM
D 5261

ASTM
D 4632

ASTM
D 4533

ASTM
D 4833

ASTM
D 3786

ASTM
D 4751

ASTM
D 4491

PROJECT
SPEGS.

>8 >180 >75 >75 >350 <0.21 >0.5

TESTING
FREQUENCY

1 per 100,000 ff 1 per250,000f

GEOTEXTILE
ROLL NUMBER

TEST RESULTS PASS/FAIL
(P/F)

1524.001 8.6 232 107 143 441 0.18 1.34 P

1524.005 8.4 227 oo 137 443 P

1524.010 8.5 235 104 140 438 P

1524.015 8.3 225 101 145 430 P

1524.020 8.8 231 110 139 442 0.18 1.38 P

1524.025 8.4 zzo 106 142 435 P

1524.030 8.7 234 108 135 445 P

1524.035 8.3 230 98 144 437 P

1524.040 8.5 233 100 136 440 0.18 1.35 P

1524.045 8.4 228 102 141 431 P

1524.050 8.6 231 105 138 443 P

1524.055 8.5 zz3 99 143 433 P

1524.060 8.7 234 103 140 444 0.18 1.39 P

1s24.065 8.3 229 101 145 439 P

1524.070 8.6 234 109 137 442 P

1524.075 8.5 zzc 104 142 436 P

1524.080 8.8 230 107 139 445 0.18 1.36 P

1524.085 8.4 228 98 144 430 P

1524.100 8.8 233 't10 136 437 0.18 1.37 P

1524.105 8.5 229 106 138 431 P

Note:
I Smaller value in machine or cross-machine direction.

J:\TWP\FQ\FQ0691 -Oak Hammock Cell 4\Resident Engg\Report\Tables Fig Section 5\Table 5-5 GeocompositeBi.planar



Table 5-5G

MQC TEST RESULTS FOR GEONET USED TO MANUFACTURE
SEcoNDARY GEOCOMPOSTTE (SKAPS)

PROPERry
Polymer
Density

(g/cm3)

Carbon
Black Contenl

(%\

Thlckness
(mil)

TEST
STANDARD

ASTM
D 1505

ASTM
D 1603

ASTM
D 5199

PROJECT

SPECS.
0,93 2Io 3 200

TESTING

FREOUENCY
1 per 100,000 ft'?

GEONET
ROLL NUMBER

LOT NO. TEST RESULTS
PASS/FAIL

(P/F)

1524001

11021

0.955 2.29 269 P

1524010 0.955 2.62 271 P

1524020 0.955 Z.J I 265 P

1524030 0.955 2.31 zto P

1524040 0.955 2.46 268 Y

1 s24050 0.9s5 2.27 274 P

1 524060 0.955 2.39 266 P

1524070 0.955 2.24 278 P

1 524080 0.955 2.63 264 P

1 524090 0.955 2.50 275 P

1 5241 00 0.955 2.34 267 P

1524110 0.955 2.59 P

1524't20 0.953 z.+l 277 P

15241 30 0.955 2.61 270 P

1524140 0.955 2.38 273 P

1524150 0.955 2.64 265 P

1524't60 0.955 2.30 P

1524170 0.955 2.56 268 P

1524180 0.955 2.44 278 P

1524190 0.955 2.52 271 P

\rea of Geonet Rolls:

,,1o. of Geonet Rolls Tested:

551 ,600

20

27,580

ft2

lest Frequency: 1 per t(

J:\TWP\FQ\FQ0691-Oak Hammock Cell 4\Resident Engg\Report\Tables Fig Section s\Table 5-5 GeocompositeBi-planar
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GeoSyntec Consultants

6. CONSTRUCTION QUA,LITY ASSURANCE .- LEACHATE COLLECTION
SYSTEM

6.1 General

The leachate management system is comprised of the leachate collection,
transmission, and storage systems. The construction of the initial leachate transmission
and storage systems for Phase 1 development of the OHDF landfill was detailed in Cell
1A Certification Report. This section only includes CQA activities performed during
construction of the leachate collection system in Cell4.

The leachate collection system in Cell 4 consists of a primary and a secondary

leachate collection system. The primary leachate collection system included 6-in
diameter SDR 11 HDPE perforated leachate collection pipe surrounded by gravel
aggregate and geotextile filter fabric at the toe of the perimeter intercell berms on the
north and west sides of Cell 4. The leachate collection pipe was provided with two rows
of %-in perforations in the bottom 1/3 of the pipe section. Granular drainage materials
meeting the requirements of #4 stone (per ASTM D 448) was used as the gravel

aggregate. An S-ozlyd2 needle-punched, non-woven geotextile was used as the filter
fabric. Three cleanouts were installed along the inside slope of the perimeter dike in Cell
4 to maintain the leachate collection system piping. The cleanouts were constructed
using 6-in diameter SDR 11 HDPE pipe and were finished with a blind flange. The
secondary leachate collection system included an additional 6-ft wide secondary

geocomposite layer at the toe of the perimeter berm on the north and west sides of Cell 4.

The Cell 4 sump included gravel beds covered with geotextile separator fabric and

three sump risers. The gravel beds for the primary and secondary sumps were separated

by the primary liner system. Granular drainage materials meeting the requirements for #4
stone (per ASTM D 448) were used in the 1.5-ft to 3-ft thick drainage beds. The
drainage beds were separated from the overlying liner protective layer by an 8-ozly&
needle-punched, non-woven geotextile separator fabric. Two primary and one secondary

sump risers were installed in the Cell 4 sump. The sump risers were constructed using
48-in diameter SDR 32.5 HDPE pipe and included a 2-in thick base plate and a bolted
flanged top lid. Each sump riser was provided with perforations in the bottom 1-ft and a

20-ft long, 8-in diameter, SDR 11 HDPE perforated collection pipe. The primary sump

risers were connected to the secondary sump riser using a 3-in diameter SDR 11 HDPE
overflow pipe with a 3-in gate valve in accordance with the CQA Documents.

The Cell 4 sump area included a 2-ft thick compacted low permeability soil layer
below the geospthetic layers. The low permeability soil layer was placed, compacted,

and tested during the construction of the landfill perimeter berms as part of the Cell I
construction as discussed in Cell 1A Certification Report. The top surface of the low
permeability soil layer was initially over-built to shed water. The top surface of the low

FQ0691/CQAReport 6-1 l0-May-05



GeoSyntec Consultants

permeability layer was only graded as part of the Cell 4 construction. The geosynthetics
in the sump area were installed as discussed in Section 5.

Leachate from Cell 4 will be collected in the leachate collection system at the toe of
the perimeter dike and will gravity flow to the Cell 4 sump, Leachate will be pumped
from the sump risers through the leachate transmission line to the leachate storage area.
To control the pumping and transfer of leachate, a sump control panel was installed as

part of the leachate system in Cell4.

GeoSyntec's CQA personnel monitored the construction of the leachate collection
system. The field monitoring and testing activities performed by the CQA personnel
during construction of the leachate collection system are discussed below.

6.2 HDPE Pipe

A11 pipes used in the construction of the leachate collection system were SDR 11

HDPE pipes except for the sump risers, which were constructed using SDR 32.5 HDPE
pipes. The MQC certificates for the HDPE pipes were reviewed by the CQA personnel
and were found to be in compliance with the requirements of the CQA Documents.

HDPE pipe sections were joined using butt-fusion welding and electro fusion coupler
techniques. CQA personnel periodically monitored the butt-fusion welding techniques to
ensure that industry-accepted procedures were used during construction. CQA personnel
also verified the diameter of and perforation details (size, number of rows, orientation)
for the different pipes used in the leachate collection system.

6.3 Granular Drainage Materials

Granular drainage materials meeting the requirements of #4 stone (per ASTM D
448) were used in Cell 4 leachate collection system and the leachate sump. The #4 stone
was supplied by Martin Marietta, Alabama.

The QC certificates and test results were reviewed by CQA personnel and were
found to be in compliance with the CQA Documents. The hydraulic conductivity (per
ASTM D 2434) of the #4 stone was measured to be 73 crn/sec,which exceeded the CQA
Documents requirement of 10 cm/sec. A carbonate content test (per ASTM D 3042) was
also performed on the #4 stone granular drainage materials during the QC testing. The #4
stone used in construction of the leachate collection system was found to be almost
insoluble to 6N hydrochloric acid used in the test.

CQA personnel periodically monitored the placement of the granular drainage
material to ensure (i) the underlying geosynthetics were not damaged; (ii) the perforated
pipes were properly surrounded by the drainage materials and the geotextile; and (iii) the

FQ069liCQAReport 6-2 10-May-05
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drainage materials were placed in accordance with the requirements of the CQA
Documents.

6.4 Pressure Testing

The leachate transmission line between the Cell 4 sump and leachate transmission
manhole no. 4 was pressure tested to detect any leaks or defective pipe joints.

The hydrostatic pressure testing was performed by pressurizing the pipe using the
sump pump. The leachate transmission line segment was filled with water and
pressurized. The hydrostatic pressure was maintained for at least 12 hours. No drop in
the hydrostatic pressure was observed.

6.5 Sump Pumps and Control Panel

Leachate collected in the leachate sumps will be extracted and pumped to the
leachate storage area by two 7.5-hp electric Tsurumi dewatering pumps located in the
primary sump risers and one 2-hp electric Tsurumi dewatering pump located in the
secondary sump riser. The pumps are controlled by a control panel located at the Cell 4
sump near the top of the sump risers. The sump pumps and the associated control panel
were provided by Lucas Technologies (Lucas), Ormond Beach, Florida.

The following tests were performed after installation of the pumps and control
system at the Cell 4 sump area to confirm proper operation of the pumps and pump
control panel.

Sump pumps were tested in place by flooding the Cell 4 sump. Each pump was
connected to a piping assembly containing a pressure gauge, meter valve, and a
flow meter. The pumps were turned on and the pressure and flow rate of each
pump was recorded. The pressure and flow rate data for each pump was
compared to the pump curves provided by Lucas; and

Float switches in each of the sump risers were activated by hand to confirm that
the switches were activating the correct pumps and alarms.

FQ069liCQAReport 6-3 10-May-05
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7. CONSTRUCTION QU.AIITY ASSURANCE . OTHER CONSTRUCTION
ACTIVITIES

7.1 Overview

GeoSyntec provided CQA monitoring, testing and documentation for miscellaneous
activities associated with the development and ongoing operation of the OHDF. The
CQA activities included monitoring of:

o realignment of the exisiting haul road;

o restoration of the exterior landfill perimeter berm slopes; and

r construction of Cell4 maintenance road.

The results of the density tests for the restoration of the perimeter berm slope,
subgrade and base course materials used in the construction of the existing haul road and
Cell 4 maintenance road are.not included in this certification report but will be made
available upon request.

7.2 Realienuent of Existing Haul Road

To accomodate the construction of Cell 4, approximately 1,000 lineal foot section of
the existing haul road was realigned. General fill from Bronsons Borrow Pit was used to
construct the subgrade to the lines and grades shown on the Cell 4 Construction
Drawings. A l2-in thick layer of recycled concrete aggregate (RCA) was placed as the
base course atop the compacted subgrade.

The RCA material for the project was supplied by Independent Recycling of Florida,
Orlando, Florida. CQA personnel periodically monitored the placement and compaction of
the RCA base course and ensured compliance with the CQA Documents. The RCA was
placed on the realigned section in two lifts and compacted in accordance with the CQA
Documents. CQA personnel measured the density and percent compaction of the RCA base
course at a frequency of one test per 200 linear feet per lane per lift in accordance with the
CQA Documents.

7.3 Restoration of the Exterior Landfill Perimeter Berm Slopes

The vegetation on exterior slopes of the landfill perimeter berm was ineffective in
controlling erosion. As part of the Cell 4 contract, the exterior slopes were restored and
sodded. Restoration activities included: locating the leachate transmission line; pushing
material from the toe of the slopes back up onto the slope; filling and compacting in eroded
areas; and sodding the slopes. CQA personnel monitored the regarding of the slopes and
performed density tests for soils placed and compacted in deeply eroded areas.

FQ069liCQA Report 7-1 10-May-05
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7.4 Construction of Cell 4 Maintenance Road

Limerock was placed as the base course for the Cell 4 maintenance road. A l0-inch
thick layer of limerock base course was placed and compacted on top of the landfill
perimeter berm on the west side of Cell4.

The limerock for the project was supplied by Rinker in Orlando, Florida. CQA
personnel periodically monitored the placement and compaction of the limerock base course
and ensured compliance with the CQA Documents. The limerock was placed in two lifts
and compacted in accordance with the CQA Documents. CQA personnel measured the
density and percent compaction of the limerock base course at a frequency of one test per
200 linear feet per lift in accordance with the CQA Documents.

FQ0691/CQA Report 7-2 l0-May-05
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8. CONCLUSIONS

Observation of the construction of Cell 4 atthe OHDF was perfonned by GeoSlmtec
during the period of 17 January 2005 to 9 May 2005. During this time, CQA personnel
monitored the installation of the following components of Cell 4:

earthwork (landfill perimeter berm restoration, Cell 4 subgrade, liner subbase,

intercell berms, sump area, grading of low permeability soil layer in sump, liner
protective layer, and realignment of landfill haul road);

geosynthetics in Cell 4;

o leachate collection system (Cell4leachate collection system and leachate sump)

During construction of the above components, CQA personnel verified that
performance and conformance testing was performed at the frequencies required by the
CQA Documents and that the installation met or exceeded the requirements of the CQA
Documents. CQA personnel also verified that conditions or materials identified as not
conforming to the CQA Plan were replaced, repaired, andlor retested, as described in this
report.

The results of the CQA activities undertaken by GeoSyntec as described in this
report indicate that Cell 4 was constructed in accordance with the CQA Documents and

the solid waste permit issued for the OHDF.

FQ0691/CQA Report 8-1 10-May-05



U't
|r)

N

=
U)

=!)0)

v

v

=IU
U)F
@
ul

F.

z
uJo
:f

=lu
O
U)F
U)
uJF

L
U)z
uJo
o
oq,

c)
(!

f

o

@
o)

ul
c
o
'tn
q)
t
s
o

Joo
E
E
G
I
-vo

a\
L
(1
lL
o_

3F
-j

al(\
al

a
Fr
(A

z
F-

i.,

e
F.t
v)

Fl
F
U)

F
t.l
Oz

.F-

F
V)

a

tl
(,)
Dz
j

\.)I

Rl

F

a

3lzl
*l

h

KI
I

I

rtiF

i,lvlpl
FIFI
Ql
ZI
^lolrl
-ll
HI
HI
OI

z-
F
-
O(n
rrl

C
z
V
a
F

I

el
cvl

"l
,:

z
F
O

-
../.

I
I

I

I

I
I

I

I
I

I
I

I

"l^l-l
-)l
--lFIErl
.^l>lFI
zlTI
-t
^lvlr \lv
<l,)
vt!
Oao

z
O
F
U-.l

F
F.l
(-)

Fl

a-
a

V
U

E
v
ra

l-rl
Fa
F
7

Farrl
F
rr)-

F.l

rr

(,t)
(n

o
F
F.]

rn
14

Fat!F
A
li)

F.l

r-(n
trl -t'. Y-zTrl

d

Fl

li.

a(n aa a(n a
v)

a

rlal-|>.7 \)6<
f) iJi&z
H9

; q N
\o

r
O

r-*.>^
-r&? 9
AZ-

D

r
a €a

F
FZ,:.
Fl r- il>ild-2"5

h N

(J^
>xrrv

. @

(n
F
Fl
Fa
rYl

Fl

a?XB.n
Xi;E<z-
>D

€
r
o\

€
F-

oq
r

o9
r
6

O ,:.
Ao'o-

cl N c'l c.i

ra)

F.l

>z
(A

&

(-) U O (.)

L
tti V-z!

mL

Y rrt

EA
@ €

z
-)
F
(-)
-r
F-l

F
(,t)
rrl
F

f,
J
Q

z
F(n

f
=
Q

zg1

F
U)

f,,t
F.1

U

z
Fa4
nl

:
x
ir.l
U

z
|J.l

F(n
E]

o
z
F(n
F

N

(-) (-) O Q

Tr

F.]

F-

I!a

ra
fr

r r'1

a.)

CJ

X
!F

F
rF')

p
ra

F.l
O

z

:\z

-F
O
#
zr-
F
O
H

-
O

Z
a
F
Fl
a
j
(,

r
F]

rr)
F

B

-r

'iiO

5
a
F]

rrl

F

oo

al
rt)
F
O

-l
Q
(narrl
z
(-)
n
F
F
Fl

2

rrl
rFl

Z

fq

D
F
CA

z
F
O

-
O

oo

F(A

a
Fzrrl

5

z
F
O

O

(n



Fo
Frrl

F.l

(t

3F
an

(n
CN

O
x

z
rrl

z

3

F
,]

a,l
F.
.{'

+
(-)

z

O

aFz

o
O

a0 a a

(n
F
F.lpa
ril

F(r)
F
rr)
Fl

Fa
F
rr)

(a
z

r
+(, *t

U

F]

4
J
?

n
?r

aa a aa oa aa aa cn (n
CA

(na aa U)a tna an
6

a
cl)

,,a

nz
i..^l
p^>

$ r r
A

c.l

O
o

q r
\o
N
O

\o

n c.l

o -i

\o

r.
>a a
H!=-z'

D

a-!
a

v?
@
a

vl
€ @

a

r€a
r a

€ a
O
@
6

@
a

@ @ oa
n€

€
qi

F
rFalQril>irE-2"

D

O r
r

t--
O

N
N

t (\ r
o

Q^>s € N
r

q r
r;

o r
€ ,^ 6

vi
oe a

CN

F<
F.lir
(n
Fi

Fl

aFr&>/1 7>c
- r- i'jXi-d<7 "
z/

€
r

@
t'r

€
ro

@
r

€
F-

c9
ro

€
ra

€
r
6

€
ro

€
r
6

€
r

€
F-

@
r

€
ro

€
r

2o:;dv
N cl c.l N

1^

c] N.^ N c.l c.l N
,^

d
\A

N c] N.^ G

Fl

2Z
a Q U

&

Q

&

U

p

*i-
U U U

.{-
r) (J

*.

(-)

./.

U
**
U O

.2

sf
Q

d
U

L
ILV-z
AF

@ @ € @ @ € @ € € € @ € @ € a

z-
F
(,
-
F.l

F(n
F

,t
Fl

U
Fa
IJ

rt

I
ir.l
O
Fa
EJ

It!
U
F

I
U
Fa

!
,-l

O
Fa

JJ
U
F
CN

I
O
Fa

I
(-)

Fa

J
-.1

U
F
U7

I
O
F(n

I
O
Fa

I
(J
Fa

<f

I
O
F
(n

t!

Ir!
O
F
cn

I
O
Fa
EI

a)
z
Fia
F

r @ N <t r € a

O O r) '+O U
*
U U () U O O U O O Q

x

|r)

N

v

=t!
U)F
TIJ

F

z
tuo
s

I

UJ

U)F
U)
ul
F
t-"-

U)z
UJo
ul
(D

(l)

o

o
:o
U)

lll

o
'^
c)t
s
c)

xoo

T
lz
ra

o)

a'4

lr
IL
(L

=;

N
al
el

z
3o

z
t-
ro

a
F
v)

F]

Fa
F

F{
az

tt
D3o

F1
t)
.Ff

z
FI

}

FTFa
F
z

!l
^l

^l

I

?l

?l

h

-l
I

r"iF)

z-
F
H

O(n
F]

.:
-
z
V
a
F<

z
F
O
rrl

6

I

l

^
Av.t

t..
t>IF
IZt;)t^tv
lol<t-l
loIr!
IO
l8

F
F.l
(-)

Fl

a
-
(n

O
-)

T

v

E

-

F.1

p
Ha
rrl
rh
D
ra

Fql

EI
Fl

Fi
rTl
rF1

p
o

rrl
Fl
Op
Z

z

/1
F
(-)
4

zo
F
O

-
U

z
a\
fi)
a
"/.rFl

rr)
FI

F
F.l

rrl
F

()
H

?

l'1

a
q)

Eir)
-)
(n
Fl

rrl

F

I

00

rrl
F
O

z-
O
(n
(n

z
O
F
F
F
F.l

rr)
rf)
z
rrl

D
F
cn

-

z
F
O

O
.o I

^\lv1 |

I

@

F-a
ati
Z

i

rrl

z
F
()

Q
rr)

(n



F
CN
rrl
F
irl

F.l
H

(n
(/) a a

o
F
F.l
D(n
rI]

F(n
F

F̂.l

lia
Fro},2
a

c.l

C'

N
<.()

FI

(r.

!-l F-l

CN
CN

(n
(A a(h

4

(/)
(n v)o cha aa aa v)a aa

r-
- i.
'7 \.)
=4U A

E>rr) 
^:.v

€
o
O

o\
N nr

d
r

\o

a
\o
.1 nr

6

..j

r!

>'' a
J - 

()

az"
D

6 A
o

\
6

r
N c.l

r o

F
F-,-
Fl r- i'l
>iid-z*i

q
r c9 rl

N
\

O^>s \ d
N

€
A r oi

c.j
a

N q
N

U)
F
F.li
o

HI

/?xF.a l- ilXtrE<7'>p
F-- n

6

c?
@
a

da
el
€a o

A
O

O

Ae'O-
$

\ o
r;

r \ \ c:

lrl

F.l

>z
a

CN

O

Q

&

O

&
n"
O

N)
.*
U ()

n

U

N

Q

N

O

N

Q

N

Q

N

<-
O

L
trr \./-zH

1nL
Y rr)

@ 6 6 6 @ @ @ €

z
F
r)
-
Fl
Fa
F

F
D

z
I
a

(h

U

il
r-)

!

I
U
Fri

A
a)
z

i
a)

3
$
F-.1

J
Q
iri

F

z

3

I
O
F(n

rl
J
.t
I
Q
EF

z

,l

JJ
Q

A

-z

o,t
t
J!
U
Bz

o
3
$j
O

a

Fl

o
a)
J
s
I
Q

a

a)
oJ
l!

,iJ
O
r
Fri
a)
ch

o
o
,..1

d
,1J
t!
O
t!a

-z
F(A
F

N N
N
N N

+
N N N

r
N N N

<1'
(_)

d
U () () (J U

*() s
Q

<t(, O
$()

.9,
x

N

N

!f

J
ul

u)
F
@
ul
F

F
@z
lrlo
s
J
J
IU

F.
U)
1ll
F

t
U)z
ulo
U)
(l)

q)

5

('l
(J
o

U)

c
lrJ

o
'6
ot
v
o
O
Yoo
E
E
(o
I
Y
(u

d

a4
tL
o-

=i

al
al
al

i'ro

z
F-

ca

a
F.t(n

I

F]

F
U)

F

Fr
U)z

p
F0

a

F]
U
.Fr

z
|.1

ll

t;

Rl

(d

.l
Fr{F
A

o
z
V(t
F

I
I

I*l

.:

Z
F
O
rrl

-
I

I
I
I
I

I
I
I

pl
AIvl
HI
Iri 

Ifl
2l;)l
^lvl()l
1lHIarl
14l
OIal
r-lvl

z
F
O

Fl

F
F.l

O

F]

a
-
(n

O
-

E
M
r-

frl
F(t)

F
z

@
N

U
zo
z
't

zI
U
tr..l

p,

cnFz

z
(J

FI
HI
|-l

I

:̂

tJ
p
g
cn
rrl
ri
-
ra

aov
co
lr()
X

F

rrl

F
rrl
(9
i

rf)

4
rr)
F1
Op
z

z

-
F
O

z(a
F
O
14
H

-(,

z
a
F
F.l
a

F
Fl

-
F

F-

rli
(,
;)-(n
F.l

F

d

oo

F]
F
Q

-
O
(n
a
rTl

z
O
m
F
F
F

Fl

r F,)

z

sl
p
F(n
-r

z-
F
O

-
Q

$l
oo

F(/)

Q
Fzrrl

c

z-
F
O

O

(n



F
U)
arl

Frrl-

F]

a
(A

CN

F
F]5
CN

Frt

F
a)rrl
F

F.]
h.

-(n
t-viz
rJl

F]

4

aa4
aa aa a(n a(n (n

a aa a
a a

rn
a(n a

rA- .'.
v,z
t>
:.Y
HL)

\o

N
r \o

o
6

r
N

\o

r
6o

\o
€
a

\o
q
aa

q
€

F

>7 AF4F9
!.7"

D
6

r o 09
@
a

r
6
o

o
€ O ao

F
-/> 

(:
l!-U
> i-i 0.-2"

D

q
6 N oi

@
o

@
A ai

\
N

O^>s O
dl

o
@ vl

N
c'l t:

N
c.l

a
F
Fl
.Fr
a
rq

/n

s

aFr
F<>l1 /- C'
- r- i'i
XiiE<7">p

c1
€

c?
6

c'l
@6 € dt  A

O
.i
o

<i \o
I a'.o- \o \ \ r \ \ \

F.l

2Z
a

).

O U Q

ct
.r'

v
O

.i-
r)

.,

.+
Q

dJ
sf
(-)

N
&,

O

N

d
U

o{
tia

O

c.l

(-)

LrF- a)
4z!

/Y1 Fi
€ @ € @ @ 6 @ @ @ € €

z-
F
O

F.l

Fra
F

<t
F-..1,t
I
F(n
F.l

B

J
F-]
frl

U
Fa

si'
!.1
!
(,
Fa
B

'JJt!
O
Fa
t!
F

j
U
Fa
tr.1

,tJ
U
Fa
F

J
F.l
rI]
O
Fa
F

I
frl

Q
F
CN

,-.1J
U
Fa
ts

,..1J
U
F

,.1

']
O
F
U)

F

-z
F(n
F

N d ('- @ o .i-

v
t) O

+
O () U U O O O (,

:
-i
\t

(a

*
J
J
ul

U)F
uJ

-
z
tllo
s
J
J
ul

F
tu-
=U)z
ulo
o
o

o
(!

:

c
uJ

co
'6
o
E
s
q)

J

E
E
(o
I
I

o.)

d
LL

TL

0-

={

atcl
N

a
3
U)

z
F-

ta

a
i''(
U)

F]

F.1a
F(

F
(n
z

l--
Fr(n

a

j
()
l--
z
FI

=I;rr

f;

l'rl
Fa
F
z

I
I

(.)l

Rl

3lpt
zl

=l
6

=lI
I

rti
F

I

I
I

I

I

-l
f-'1 |FI
a )l
YI
-lY.l&l
Fil
Qlzl
^lQl
:fl
Flltl
FI

QI

c
z
V
CN

F

_l
el

1.:
-z
F
Or!

I
I

I
I

I
I

I

I

I
I

I
I

I

I
I

I

I

I<l
EI
t^\ lvl. tl
tr
>F
z
:-)
-
O

F.l
-)
rrl
O(n

z-
F
Q-
F.l

F
F.l

O

Fl

a-
a

v
U

E
V

-

q

?O

t-

f-
ci

i

a
rr)
rh
-
(,

aa
$
c.)
k
(.)

X
|iF

l+

F
r!(,
Fr

ri
n
rrl
Fl
O
f-)
z

{
z

^/.-F
(-)

Z
ra

F
O
*J

M.

O

z
(A

Fr
F.l
(A

'rrl

F
Fl

=
F

rrl

r-

-r

rri(,

D-(n
F.l4
p
rrl
F

oo

al
ral

F
(-)

t-t

-
(-)
oa
rt)

z
O
lTl
F
F
F.l

2

rrl
f F,J

Z{
rq

p
Fa
-

z-
F
O

O

$l
oo

Fo

a
Fzrrl

l-r

14

z
Fr

O

Orrl

a



Forrl
F

(na

(n
F
F]
f-)
a
rr)

Fa
F
rrl
F]

rr
nv

=zFl

F.l

V)a (h
CNa

r4 a/)a a
U)

cn
CN

aa a/)a a aa aa aa aa

7\)
=44\

&a
FY

\o

r N €
a (\ \o

a 6
v

@

\o

N € a

t-4* B-.E
"') - ('.
A-+-z'5

o
o\ 6

N
a 6

6

a r s
a
o\

...|
@ a @o €

o,

Fr.Ba
L! (! rr
>iidtz"

D

x oi -i N .; @
o

@
N

\
N

r d vl

O^
<i \o
1 9-.

r
N

c.i
N

09
d

c)
6i $ N

v)
F
Fl
f-)
CNrl

3

-Frx> -lriiXild<7">p
@ di € m

n€ A

O^
A a\.o-

\ .; ,^ \ c: \ \ \ r \

rTl

Fl

2Z
(A

&

O Q

*,

O

N

U O

d,

(J

N

$(,

N
&
<i-
(J

N

O

N*
ri-
O

NJ
(-)

N
&

(J

N
n
(-)

N
J

(-)

N
&

O

t
Er\,
-Z!

/n Fi
Y rr)

F< t-.1

€ @ € rc € @ € € @ @ € @ € €

z
F
O-
F.l

Fa
F

I
(J

Fr-

v)

J!
O
EF
-
U)

,-.1
J
ri
Fr'1

F
f
a

I
(,
EFp
a

I
U

F
f

v

I
O
E
F
-l

v)

I
U
rri
t--,-]

a

s
I
U

F

a

I
O
f

Fil
(,/)

,-l
'J
t)
F

a

:
U

t-,r-

.)
a

I
O
T
Fir
a

,i
,-l
(-)

F
D
(n

'lJ
rI]
O

F
-l
U)

JJ
Q
lTl
F
o
Ch

z
F
V)
rI]F

N
$ \f

r @ N v

O C) Q O () () O (, O (, O U U (-)
$
U

o
X

,i.(o
lr)
Ns
lf)

cf)

=lrJ

Fg)
lrl-
E
z
uJo

=UJ

U)
t-.-

r

toz
ulo
o
oo

{.)
(g

5

(1
C)
U'
'6

C
IU

o
'6
ot
s
o)

C)
Yoo
E
E(!
I
lz
o

11
IL
('l
TL

0-

={

N
a.l
(\I

a
t-r(n

z
t-

c.)

3a

j
Fr(n

F

F
v)z

p
Fra

FI(,
-)
z
Ff

-l
Rl

,E

d

-l
I
I

rti
F

I

I

zl
11 |

HI
FI
OIpl
M.l
trlalzlAI
XI"l
vl
Fll

\JI

.:
(-
z
a
t-r

o
z
F
U

-

I

I

I

I

I

I

l

p.

-
F.l

xl
F
z
D
c-)

F.l-rrl
(-)
a
^

F
F.l

U

-l
CN-
V)

O

tT':

v
/1

l-r)

Fa
F
z

€s
<i
U
z
tJJ

F

zx
(-)

a

aFz
z
a1
O

!T1

i-.'l

-
sla
rrl
rFl
f-r

rFj

ta
:d-
ca
H
a)

X
!F

|{
F
t!ri
i-)

(t

?rrl
J
Up
Z

z

-
F
O

zo
F.
O
rTl

O

z
(n
\,
F
Fl
(n

rrl

F
F.1

F

rq

?
F

-

,;i
O

-(n
F.l

-
F

@

H
F
O

a)
(-)
aa
z
O
F
F
F
F.l

rrl
r|1

z

14

5F
CN

-

z
F
O

-
(-)

@

a
Fa

a
Fr
2

i-r

rrl

z-
F
Q

Qrrl
(u)



x
(o*

(9

.rr

=IU

F
@
l!
F

z
IUo
v
J
J
uJ
(J
U)F
uJr
r
U)z
ulo
U'
U'o

c)
(!

a,
O
:
U)

TJJ

p
o
K.{
q)

x

(U

I
fz
(g

+

TL
d
TL

0_

=?.-

N
al
(\

a
Frn

z
F-

ra

e
Fa

Fl
F0
F

Fi
az

D
Fa

F]
Q
.F-

z
tl
;

Fo

-l
Rl

tr

"l

h

-l

r'i
F<

z-
F
Up
F(n
z-
O
.il
F.l
F.l
F]
O

zr-
F

Oatrl
/a

F]

\:
Fzi
1a

O

FI

Qa-

z-
F
O-
F.]

F
F.l

O

F.l

a-
(n

^
O-

3E
g
1-

frl
F(t)

F
z

F(n
rrl
Firrl

F.l

rr,

aa

a
F
Ft

arrl

Fa
F

Fl

l-
O
t-vJZ
rrl

Fl

CNa a(A a
cn

a
./)

a
6

(t
v)
4.

cA
t^ aa aa a

.,t)

tlJt- >,2\)i;i <-^'
MZ
El-hx
H()

<1' *
oi

\o
q
o

\o
q
a

d
No

\o

n
o

\o
c1
€a

\o

€a

r.
>'2 A
F4F?
!'7-

D

r
6

r
r--
6

fl vl r
oi €q

+
€a 6o

-*7,:
p L r'>;rI
'7'D

a?
O N

q
d

c9
o O

€
O N

O^
Uo\

r t-r
N ci N N

c1

N N
N

a
F<
Fl
i-)
U)
frl

F.l

a?XF.
i'1

Xi-E<2"
>D

c'l
€o @

a
@ O

O
.1
@
a

cl
€a

v.:
>;<o-

\ \ \ \

rrl
F.l

2Z
a

&

O

&

O
$
(J

N
d.

O

&

U

t2

(-)

N

O

&
v
O

N

U

L
t&V\z
mtr

ile
€ @ € a @ € @

z-
F
O-
Fl
F(n
H
F

'lF-l

U
Fa
rrl
T
F:-
a

+
,lJ
t4
Q
F

trlr
F
f
U)

I
Q
t-.(A

rrl
Frr

F.p
oa

I
U
Fa
g.)
T
F
3
cl)

I
U
Fa

F*1

o

<f
J
,-l

O
F(n

EF5
a)
a

Ir!
U
Fa

fri
F,]
U)

\f
J
,-l

O
Fa

EF:l
ch

+
!,l

F
an

F.]

Fil
a

-z
F(n
rrl
F

FT @ N *

(, O (-) U
sr) U O O O

q

F.l

p
rrl
CN

H
rFl
fr
(,

vt
FI_l

I

rrl

F
rTl
af}

D
rFl

?r!
F.]
O5
2

\z

n.

F̂
O

z-
F
O
rq

r)

z
a
F
F.l
(A

F
Ft

-
rYl

F

rrl

F
^
a-

.:iH()

D-a
Fl

rrl
F

-.':
co

F
Q

-
O
aa
I T.]

z
O
F
F
F
F.l

rFl

z

rrl

F(n
al

z-
3
(-)

O

oo

Fa

o
Fzrrl
E
fr

rq

z-
F
O

O

o



Fa
ril

F
rq

F]

a(n

a
F
F.l
l-r
a
rrl

F
V)rrl
F

F.l

r-
rrt 

^-Yrzrrl

aa a a
a

6
a

6 aa a
aa aa a

a
ana a

U) 6 a

,t1

AZ
&a
x.y

O
a €a n

6

s
o

a
a

vl
6o

\o
.l
t-a 6

6

\o
€
a

s
oo

c\vl
O

r
o a

F
>? G
^)A(A-+-z'

|.)

N
no

N

o a @
a

ra 6
6

6
r;

N

O O
@
€
6

g
q

F
r-,Fatq-O
>.-0i-2"

D

r € n
N

r--
@
O

N
o

vl
O

c.l
r

N

O
6i
O

Q^>s
lr, v

a
vi

09
N

N @ .l og vl d] o* o r:
6

a
F
F]-a
rrl

3

liF
F<>
-1 7,?
Xi-E<7">;)

O A O O O O O

>so-
\ \ \ r

n \ r \ \ r c: C-- \ f.- r

J

zz
a

.l

U

cl

U

.J

O

cj

O

cl

O

.l

.i-
O

N

(,

ol

Q

.l

(,

c]

.t
I)

.l

U

D
+
(J

.l

=iU

p

Q

F;
lI<v3z N N N N N N N N N N N N N d

r!E
/r^ Fr

@ 6 @ @ € @ @ @ € €

z
11

F
Q-
F.l

F
CNrrl
F

.{'
J,l
O
Fa
ttl

JJ
O
Fa
rrl

$
,l
,l
U
Fa

+
JJrrl
U
Fa

JJ
O
F(t

<t
J
'-]
U
Fa

J
F.1

(,
Fa

J,l
F.l
O
F

I
O
Fa

I
(.)

Fa

I
U
F

I
F]
O
Fa

'-]J
E]
O
F
an

d
JJ
g.l
O
F(t)

-z
Fat!F

@ o r Nr r-- r r r r
f- r r

O O U U () U O TJ Q Q Q
<i
U U (-)

U)

a
Lr)

N
N

o)
Fr
(o
@

*
J
J
IU

F
U)
tu
F

t
z
ulo

f
uJ

U)F
U)
trt

-
-
U)z
uJo
o
o
q)

p
(tr

o-
f

O
o

o

c
uJ

c
c)

'6
C)t{
o

E
E(!
I
IZ
(g

tL

tL
0-

=1a-

at
at
N

-Fa

z
r-

co

Fa

F]
F(a
F

F1
(n
z

.Fr

F{a

z

F1
Q
,F-

z
r.1

Rl

,l

h

-l
rli
F

I

I

I

I

I

zl
a)l
l-lHIi\lvl
PI
FIql
zl
^lvlol
.sl
Fll

tl-tll
O]

z
11

F
f-l

Oarrl

.:
-z
v(n
3

I

.:
al
z
F
Orrl

-*.

I
I

I

I
I

I

I

I

I

1

l

l

I
{_\
F.l

ri
Fz--
O

F.l
t^l
rTl

O
W)
ra

F
Fl
o

F.l

o

a

v
O-

v
-

rr\*{
Fa
F
7

aFz

z
O

F
a

tr-

N

rrl
CN

rrl
rFl
Fr

4
d

c.t
$
c.l
k
0)

X
kF

tq
F

F
rrl
rF)
i

rFl

r!
Fl
O
i
z

z

.1.

-1
F
O
3
z
aa

F
Q
ts1

O

z
v)

F
F]
(n

z

rrl
H

F
F.l4rl
rrl
F

14

-

.;i
O
n.

a
F.l

F]
F

I

@

at
trl
F
O

-
Q
(n
(n
rr)

z
C)
fr''1

F
F
Fl

z

rrl
rF)

z
rrl

5Fa

z-
F
O

-
O
\oo\\r)

oo

F
CN

QFz

ir
rTl

Z

F
Q

Q
rr)

a



Farrl
F
rr'1

FJ

a
CN

a
F
F]5
CN

Fa
rr)
F
rrl
F.l

-CN

t-v-zrI]

F]

aa 6
v)

ao
(h
rn

a U)
r/)

a a
(A

6
rh

.A
6

6 a 6
o (n

a

.7 \Jf,i<
xa
t! -J

c.j

a ro

\o
a]
r
6

@o €a
N

\o
( 

.\
O

o
n
o F.

a

c1

o ro
.I s

ro

r-
>.'G
F<FP
AZ'

D

@
N
a-o r--

N
€

N ..1
O r O

al
ra r

r.FeSrP
6l oq

O
\ qi

o
c? a

o d
a d

o
ol

o ';
vl c 

'- a
O

7
D

Q^>s c..l
r a

rc @ .;
=t

€
o

r
N

n
q

(n
F
F.]
f-r
(n
rq

I

-Fx> -I=H O -; O
O

O<7!:r l--)

Q^
A 9'.o-

c: r
n

c: r \ \ r r \ r
n

|: r \

F.l

2Z
a

c.l

U

N
&

U

N

Q

N
p

U

N
&

U

N
.r'
.{-
U

N)
s
O

N
p

O

N
&

O

N

O

N)
U

N

O

N

U

N

v
Q

N

Q

L)

*v

i1 z
N N N N N N N N N N N N N N N

mLr

HF

@ @ € 6 € @ € 6 € rc @ @

z
F
O
(-)
Fl
Fa
trl

F

<t

J
lrl
r)
f
F

a

JJ
U
Fi'1

F5
a

$

I
O
T
F
"1

a

+
I
tLl
O

F

I
(-)
n
F
D-)
ct

nI
(J
?r
F".
a)
a

I
(,
n
Fil

=i
FJ
J
U

F:)
a

+
I
IJ.](,

F)
a

,l
F.,l

U
F(h
rrl

Ft
F
Drl
a

JJ
O
F
cn

rt
F
D
a)
U)

F]

J
(_)

F

F
D

,..1.t
U
F
ah

$
I
F-l

()
Fa

,l,l
O
F

F

-z
Farrl
F

@ € N
6 € € r € @

N

Q Q U (-)
$
Q (-)

{
U Q (, Q U U U () U

o
4
v

:l
IIJ

F
ul
F

E
z
uJo
s
J
J
lU
O
U)
F
llJ

=U)z
IIJo
o
u)
0)

q)
(I'

o-

U>

UJ

c
q)

'o
q)
K.
$
o)

(,
o
E
E
(u
I
J
(u

(o

tL

u-
o_

=?,-

a.l
N
N

a
F(n

z
t-

m

z
Fa

Fl
Fa
t'{

F
az

FI

p
Fi
v)

Fl
Q

z
Fl

k

#

Hl

d

-l
HI<l

Bl

b

-l

F

z-
tr
O
.Fr

tr
(A

z
O
.f,
Fl
F.1

O

z
F
H

O
v)rrl

I
I*l
I
I

':

z
(n

F

i
z
F
Orrl
h-

^
-
!l

rl
F
z
D

O

I-
Oa-

F
FJ

U

Fl

a

U)

(-)

^

tt
g
-

rqF
V)

F
z

,l

al
ZFF.l

z
t'l
7

D

a

a.

a
a)
U)

F

4

c/)

F
U)

F
F
z
'.]FT
I!
(-)

a)

(t)

z

F

z
Z

z
a

1l

.A
Fz

U

tn

c-\n
c-
N

F.l

a
H
ra
5

ri

calv
ao
}{()
X

F

rtl

ts.1

F
rFl

D
rf)

F.l
O

z

-F
O

z-
F
(-)
trl

-
O

z
(n

F
Fl
a

rr)
F

F
F.I

p
rrl
F

H

-
-

t
Q
5
a)
a
F.l

p.
ril
F

oo

al
rr)
F
O

-
O
o(n
rrl
z
O

F
F
F.l

ra
z

14

Fr

F
CA

5

z
-r
F
O

-
O
^l><lht

Al-'l
oo

Fa

aFz

D
r!

z
F̂
O

Orrl
(n



F
CN

F
t*l

F.]

(na

a
F
F.li
a

F(n
rrl
F
r̂rl

F]

rr(n
nvJZ
rrl
M

(n
CN

v)
..t)

aa U)a a
.A

CN(n aa a(A v)(h

|,
6<
MA

\o

n
a

\o

O.a ^
\o
a
no

\o

o
o
o

f- 6

->a fra(F!/
AZ -

f-r

a
v?
a 6 oi

6 o
oq q

r-
-Fa
! L r)>ild'z';)

q
N

6
+ @

o
c

O^
E 

"\.rr. v
r
r

q
t-- ri

vl
N ={ \q

CN

F
Fl
f-)
v)
H

Fl

a. t-1XF.
Xi-d<2">D

o o o
O o

>iRo-
\ i \ \ r r r r

rTl

F.l

2Z
a

N

O

N
.r'

(J

N)
Q

ot

O

N
./

Q

c.l

&,
*
O

N

O

c.l

O

()
i!o3z N N N

Ar l-l

@ € @ € € rc @

Z-
F
O

F.l

F(n
rrl
F

$
J
J
Q
EF
al
U)

J,t
U
EF
:l
a-)
U)

s
'tJ
O
EF
D
a

s
I
Q
F(t

F<

z

J
F-.1

O
Fa

.rrt
F

oz

*
I
O
F
(A

|1r
F

-z

*
i
Q
Fa
,;l

L

oz

I
O
Fa

T
tr

z

-
Z
3arrl
F

a 6 a @ N

.{-
(-) O

vr) (, Q Q
s
Q C)

I
x

N
N

tr)

J
tu

U)
F
U)
lll
F

z
tuo
.rf
J
J
ut
O
U)F
U)
UJ
F
r
az
TIJo
U'
U'o

o
o
U)

c
uj

op

x.
v

J

(It
I
I

TL

tL
o_

=-

N
N
(\

a
3a

z
r-

ta

a
3(n

F]

F
v)

F

F
oz

p
F
U)

F]I5
z
r-l

f'

v)l
^l
Nl

I

d

>'

^

-l
I

r'i
Fr

I

I

I

I

I

I

I

I

I

I

I

I

z1
^i
r-
O]
el
F(n
Z
-l
O

Fl
F]
trl()

z-
F
p
(J
a
rr)

c
z
w
(n

F

z
F
U
IN
i-

HI
tVl

3l
trr 

Ifl
HI

ZIpl
ral
ol
it
-lrrl I

al
{-l

zo
F
O-
F.l

t-
I
O

F.1

a
ra

CA

V̂
O-

r
v
-

l'rl
Fr(t)

F
7

r-

f-
N

F.l

rrl
(A

f F,l

P
(',

cOsr
aa
H()
X
:
r-

F
rrl
rF1

o
./.

rrl
F.l
Op
Z

z

-F
Q

z
F
O
F:
q

(-)

z
a
F
F.l
6

F
Fi
F.l

rr)
F

14

F-
H

F
,;i
(,
p
-a
F.]

p.
rrl
F
s

I
oo

ra

F
O

a-
O
aa
rrl
z
O
EF
F

-l

z

rrl
ri
z{
H
1--r

Fa
/a

zot
(-)

{-
(,)

@

F
v)

0
Fz

IJ.i

z
-l

F
O

O

CN



F(n
F
r.q

F.l

aa

CN

F
F.lpa

Fi(n

F

FJ

-an

?-Zrrl '

Fl

(n
a 6

a a
U)

aa aa aa aa
(t a aa 6

a
cn
cn

(/)
(n aa a(t

./
aY,
i jPrp,>
rI)-'^-

N
o

\o \o

o
vl

\o \o
q
O r a

s€
o
O

n
@

\o

N n €

>.G&- 9
-7'

D

r
o

r
o

O
ra a

o
O @

n
N

v?

a
o

F

-Fa
H L r)>iid72"

fl

cJ
o ol

q €
+

r q
6 n

.j r
O

€

O^
Zo\ v a

c.j q
6 N r

09 c'l I r
R n

N

a
F
F.lp
(n
lrl

-.1<

-FX7 -
-c-ilx!n o

O O O
O

<4z/
(-) ^A 9'.O-

\ \ \ \ r \ c: c: r \ r c- r r \

rrl
Fl

2Z
a

N
e
.{-
O

N

Q

N
&

()

N
.;/

O

N)
(-)

c'l

O

N

O

N

U

N
&

(,

N

d
U

N

.i-
O

N
&
<1"

O

N

sl'
O

N
&

Q

N
&

(J

F^itr{ V3z N N N N N N N N a N N N N N N

mti

EO
@ € € € @ a 6 @ @ @ @ @

z
F
O-
FJ

Fq)
rtl

F

v
I
Q
Fa

j
tr.l
U
F
cn4
rn

I
U
F
TA

$j
U
F
rn

,..1
,-l
(,
Fa

F-.1

F-l

U
Fa

I
U
F
a

1'Tr

Fp

!
,-.1
Irl

U
Fa

EF
f
a)a

I
r)
F
CN

F
D
a

J
J
tll
U
Fa

fr,
F
f-a

Y
FJJ
tll
Q
F
U)

t!
EF
oa

s
F-.1

F-.1

U
rri
F
f

J,i
(_)

Fil
(n

I
(J
Fq

tsri

F
'i
a)
a

JJ
O
F
6

-
Z
Fa
F

t-- N r

$
Q Q Q (, r) <f

U O () s
U O (, (_) U O U

I

s
N
F-

*
J
J
TU

F
U)
llj
F
F
oz
ulo
s
JJ
uJ()
U)F
U)
l,u
F-

tr
z
uJo

o

o

=o
U)

C
ul

()
';
c)t-1s
=o
O
lzoo

G
I
lz
o

a,
TL

o_

=F--

N
al
6t

a
F
v)

z
t-
ta

Fo

Fl
F
v)

F

3
(n
z

p
F(t)

F1I
.F-

z
a

raI

=l

z

b

"l
rii
F
4.

\JI
nl
HI
OIpl
*.1t-lHIql
ZI
-l
\JI
$l
Fll
Fllrrl I

OI

z
F.

-
Oa
-

.:
ra
z
a
F

,l

1':
-z
F
Orrl
r-

I
I

I
I

I
I

I

I
I

I

I

I

I

l

l

N.

--i
F
rl
F
7
D

O

rt

O
V)r-

F
Fl
O
3
F]

a
i-

rn

Qr-

r
v
la

fr)
Fa

F
z

&q
F
O

=4xa

a^)

O

|'-

(--
c\|

ts-.1

F-1

rrl
(A
r!l
ri
-
()

co\r
co
l<()
X
HF

H

F
l4l
rFl

a
rFl

./.

H
Fl
O
D
z.

z

z
CN

F
Fl
a

F]

F
F.l

til
F

F-l

F

B

O

a
rl

F

oo

arrl
F
Q

-
(-)

o(A
rr)

zV
(-)
lTl
F
F
F.l

rFJ

z

rI]

5Fa
l-

z
-t
F
Q

-
(-)

^t^\l;11
^I-'l
oo

F
V)

a
Fzrrl
E
f-)

Frl

z-
F
O

O

a



F(n
rrl
F
r!

F.l

lr,

aa4
aa aa

a
Fn
:-)
(A
rll

F(n
F
F̂.l
F.]

r-
(A

F
F.l

-z
N

U
s1-

O

rl J
r

!

aa a a
cn

U)a aa aa aa
(t aa aa a

,L1

7\)il<

&z
tv

r
ro

\o

e r
o

.'l
o

\o
c] cl

6
N
O
O r

r
a

*
,A
o

@
ri
6

F
>ra
F4F9-z'

D

r
6

q
o
6

n
a o

r.;
6

oia
cl tao 6

r;
6

F
FP.1-
q L ar
>i<d-2"

D

n
d

09
O €

r
€

a
€

c'l
r;a €

6

O^>s (-- +
r
r N a @

c.l
N

U)
F
F.l:r
CN

Fl

FJ

-F
1,7 .
-aiiX!E<7">;)

o o

v->;\o-
\ \ \ \ \ \ \ r

h
r
n

r
n

|: \

F.l

>z
(A

d

(-)

ot

{
O

c.l

v
U

N

U

N

O

N

Q

q

r)

N

O

d

^/
()

N
J

*
U

N
&.

{
U

N

U

N

O

L
t! L/1Z
!

N N N N N

/n!

i-o
@ @ € @ & @ 6 @ &

z-
F
O
-l
F.l

Fat!t.

I
IJ.]r)
F(n

I
Q
FF

L

-z

J
1

tr.l
Q
Fr'1

F

z

s
i
O
t
t-
a.)

z

j
H
U

F
oz

'-.],.1

O
n
F

z

,iJ
O
F
a

z

JJ
O

l!Fztrl
U

,-..1

F-l

Q

Fz
U

,-l
,.1

O
T
F
o
6

,..1
,..1

O
f
F
D
-)
6

JJrtl
Q

F
D
a

J
,-lgl
O
Tl
F
:l
a)
6

-z
F
CNrrl
F

6
N (\ N

N (\ N N N
r
N N

o
N

O

s
Q

d
U

$
O t) O O (, Q (, (, O Q O

x

.+
e.l

{
=IIJ
U)F
@
ul
F

F

z
uto
s
J
J
Ul

F
tu

F
U)z
ulo

I
1l
0)
(!
E
f

a1

=

c
uJ

co
'6
ot
.+

q)
()
Y

E

(I,
I
x
o

tL
a
tl-
o_

=<1-

(\
at
o\
al

2
Fa

z
r-

ra

a
Fo

F]

F.
U)

l'r

F
a
z

D
Er(n

?
F]I|-:
z
F1

Rl

d

d

nl
MI<l

Bl

A
I

"l
rriF

I

I
I

I

I

I

I

I

Izl
-l
HI
r<l
vl
-,)
F
V)z
r̂)
;
F.l

rrl

O

zal
F

O
CA

^

o
z
V
a
F

EI

1':
z
F
Orrl

-

I

I

I

I

I

I

l

l

l

l

d

Fzfr
r-
O

F.l

rrl
Q(n
fa

z
F
O

Fl

F
tl
(J

Fl

a{-
a

U
-r

l'f1

M

rrl
Fa
F
7

CN./
F.,l
N

rT1

F
F
z

Fl

U

F
i
rr)
N
,l
E

6

z

z
a
F
E

iti

F
F
tr]F
E
F-..1

z
ri
F.

F
F
lo
r-l a

zstll tJtsz!9FT?
II.] F

>F
-L)F-Z<:
-(Ja rrt*t
<a

CN
Fz
z
-(,

n

tr-
ra)

t-
C'l

F.l

rYl
a
rYl
r f'1

o

ca:i-
cn
H

X
HF

F
r!
rF1

ll

o
n.

rrl
t1(J
i
Z

z

tl

*.

F
O

zo
F
O
rq

-
Q

z
(n

F
F.l
(n

rrl

F
F.l

F

rq

F
11

-

F
H
O

;)
a
F.l

rrl

F

I
co

trlF
O

-
O
a(n
rrl
z
(-)

EF
F
F]

>Z

rrl
rFl

z

rr)

DFa
a)

zla
F
O

-
Q
slinl
O\l

I

oo

t-
CN

Q
Fzrrl
I
Fr

rrl

z-
t-<

O

O
H

(n



Fa
TTI

Frrl-

F]

(,/)
tn

CN

F
FIfr
a
rll

F(n
F
rr)
F]

-a
!-vIZ
Fl

F.l

la.

aa CAa aa c/)a a U)a a
(A

aa a aa a aa o aa aa

.11
7V
F;i <
tl 

^l&a
\o

a6 o
6

\o

a
ro

@ oq
\o \o

ria O n
\o

F-o

s
o

\o

€
\o
-tro

-
>PAp4F9
47"p

R O
O

d
r o

a
ri

N
€ o

r \
o

.1
r

N a]

6 ro

F
F-;-
r L rr>il8tz"

D

vl
r

r
o

t'r

o o /l

o
€
€a

\r
6

€ o
€

oq
N N

@
d

O^>s r.; @
@

$
r

d;
@
oi

€
r

.'l \o r
r

(r)
F
F]-
CN
p{

S

.Fc4>/\7 Cn
Xi. E<7'>;l

o o A O
O

o
O O

v,:> ;<.o-
\ \ \ c: \ \ \ r \ F- \ \ r \ r

rrl
F.l

>z
(n

N
.r'

C)

N
J

O

N

(,

N

{
U

N
tV

{
U

N
J,

()

N

()

N

U

N
&

r)

N
.?

O

N

U

N

U

N
&,

*
Q

N
&,

s
Q

N

U

t
frr V\z
n1 tr

€ 6 @ @ 6 @ @ €

z
F
O-
F.l

F(n
F

.i-
ts]
J
O
F

F
T
F
D

Irrl
r)
F
c^

?
n
F
D
(n

<i

j
(,
Fa
tLl

F
Fir
a)
CA

ts-]J
O
Fa
tr.l

F

j
Q
Fa
F

It!
O
F(t
t!

.irr

F1

a)
z

I
O
f
a

a)
z

dj
U
lri
F
o
Z

J
E1
O

F
a)
z

v
,t
J
ftl
(-)
n
F

z

J
,.1
F..l
U
T
F
./.
a)
z

I
iLl
O
T
F
a)
z

*
I
O

Z
r-)
U
t
F
a)
z

*
JJ
r)

z
U

a

z

I
O

o
U
ts
L

a)
z

a)
z
F(A
rrl
F

€ o s N + $

d
U U O (, () O U

s(, r) Q (-) (, U
*
Q

o
4
v
lr)

|r)s

v

=uJ
O
@
F
ul
F
F

z
uJo
.<r

J
J
ul()
@
F
U)
uJ
F

-
U)z
uto
c)
q)

o
o

a4
()
I
U)

ul
c
0)

'=
c)t
<t

o
Jo
E

oI
lzoo

@

a'|

d
IL
o_

=F;

al
al
a:l

<ra
Fa4

z4
t--

t)

llra3
V)

F]

F't
v)

t"(

F
az

p
3
U)

a

F1
Q
l--

z
F]

=

pl

"l

,l
<l

BI
ol

F

-l

F

I
I

Izl
-lHI

irl
PI
FI
!/) |zlAI
ol
sl
F.l l.t
rrl

O

z
11

3
ts
O(n
rrl

.:
(-
z
M(n

F

z
F
O
H

I

I

I

I

I

.lnlHIFll

-l'<l-Hl

t<
z

l-l<
lv
I rrl
| (-)
lcnlf1

z
F
O-
r.l

F
F.l

Q

F.l

a
v)
a

O-
E
H
M

-

rrl
F
V)

F
z

*
T
(,
z
z
g
F
^/

zx
L)
t!

a

aFzr!

a)
()

Pri IFtl

I

I

I

l

:

tr-

r-
N

F.{

p
r!(n

rf'l
l^r

(,

co.rt
ca
H
0.)

X
kF

F
rfl
D
ri

rrl
F.l
O
i
Z

4
z

il

-F
O

z
a)

F
O

ra
O

F.l
F.l

F.l

tqzrrl
rl

F
F.l

rll

F

rrl
n.

F-

f̂n

rii
O

D
a
Fl
ts

F

-
t

oo

rl
rY)

F
Q

at
O
(A
art)
z
Q
F
F
F

F.l

rrl
rFl

z

rq

5F
U)

z
F
O

O
\o

@

F(n

Q
F.zrrl

:r
rl
z
li

O

Orrl

v)



Fa
F

r.l

rY

aa

(n
F
F.l5
v)
'-.1

Fa
rr)
F
rr)
F]
rY,

c-

t-vrz
tq

F.l

aa a
(A
a a cha

(h
ch

(t a aa aa a
U)

a(A a
a

q
U)

U)
6

rA
tn

.7 \-)
-il-^
/.2 N

n cl
@

c.l

o
A rj

\o
N
r

\o\r c
N
O

\o \ \o

@

\o

A

F
r. B r
&- Q

-2"
D

N
N
O o a a

n
6

d
ro r o N

o
@

6o
r
a

Fr.F;-
Fl r- i'j>;id,

q cl @ N t: a
O

qi
O

c 
.\

N r
dl
r -i

Z
D

O^>s !1 €
/n

\
O

q
O

6
d

+
o

09

6
vl

a
c.i

a
F
F.ll-l
a
rq

J<

/ f.<&>ai-; -Xi-E<2"
z-

O
O O o

(J^
Z o'.
O-

\ \ \ c: \ r \ fr \ r \ \ \ t: r

F]
F.l

>z
a

N

()

d

U

N
&
*i.
O

N

$
O

a
*,

()

otJ
O

c.l

(,

a.l

*
O

N

*(,

c.l

O

N

U

N

*
Q

N

(,

N

v
U

d

$
Q

L
trr V
-Z

rn F-r

EN
@ @ @ € € @ € @ @ € €

z-
F
O-
F.l

FaI!
F

"t,
Q

t!F
z
U

".1J
IJ.]
Q

F.lF
z
Q

I
t!()

t!Fzt!
U

"..1,1

Q

F
7gl
IJ

J,t
F]r)

Fz
r)

JJ
O

Fz
(,

F-.1J
u.l
U

rrlFzr!
Q

I
O

Fz
O

I
O

Fz
O

I
r)

Fz
U

I
Q

Fz
O

!!
O
^/I!Fz
Q

I
IJ.]
O

Fz
(_)

It!(,
Fz
U

I
(,

F.z
IJ.]
U

-z
Fa
F

r € N r O

Q Q
*
O U r) \t

U O () (, $
t) U U U Q

*
C-)

:
,i

N

(o

@

s
J
J
uJ

F
Lll
F

t
U)z
tuo
$
J
J
ul

F
U)
uJ
F
F
U)z
uto
q
o

o
o

3

=
@

c
ul

op
ot
:
o)

x
o

(!
I
xo

LL

IL
(L

=F{

al
al
al

a
Fr
U)

z
r-

ro

2
F(n

rFj

F]

3a
F
Fr
(n
z

.f-

F0

FI
Q|-
z
F]

t:

}

rrl
Fa
F
z

€loil
I

rl
<t
-l

Fl

F

-l

H
F

I
I

Izl
-lHI
FI
OIpl
xl
HI(nl
zlol
Ql
sl
F]ltl
t-: I

Ir.,i I

OI

z
i-

F
-
(-)(t
H

c
z
V
a
F

I
I*l

O\lr^lxl

1.:
-z
F
O
rr)

I

I

I
I

I
I

I

I
I

I

I

I

l
l

<t
H

^tvl
I

F
|Jr
rl
F
7
D

Ô
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