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Dear Mr. Gaither;

On behalf of Haywood County, McGill Associates is pleased to submit the following
updates to the Construction Quality Assurance Certification Report for the construction of the
MSW Phase 3 Cell at the White Oak MSW Landfill, Permit #44-07, Haywood County, North
Carolina. The updates pertain to the certification of the work associated with the repair of the
Phase 2 leachate sewer collection line under the Phase 3 Cell area. Please find the following
enclosures submitted for insertion into the original CQA Certification Report dated June 2010:

Outer Cover Page — Revised October 2011
Professional Engineering Design Certification — Revised October 2011
Inner Cover Page — Revised October 2011
Table of Contents — Revised October 2011
Certification Report — Revised October 2011
Table of Contents — Sections — Revised October 2011
Section 5 — Construction Quality Assurance Report, Prepared by Joyce Engineering, Inc.,
May 2010, Revised June 2010, Revised February 2011 to include:
o Certification Letter — Phase 2 Leachate Sewer and Liner Repair, October 28, 2010
o Construction Quality Assurance Report - Outer Cover — Revised October 2011
o Construction Quality Assurance Report — Table of Contents — Revised October
2011 :
o Appendix IX
e Section 11 — Phase 2 Leachate Sewer and Liner Repair
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Mr. Allen Gaither
February 9, 2011
Page 2

In addition to the printed copies listed above, please find enclosed a digital version of
Construction Quality Assurance Certification Report, dated June 2010, revised February 2011.
This digital version is a complete copy of McGill Associates portion of the report and has been
updated to include the enclosures referenced above.

We appreciate your assistance throughout the permitting and construction phases of this
project. Should you have any questions or if we can be of further assistance, please give us a
call.

Sincerely,
McGILL ASSOCIAT

4)3 Y R. BISH

Director of Solid WaSte Services

, P.A.

Enclosure

cc: Mr. Marty Stamey, County Manager, Haywood County, w/o enc
Mr. David Francis, Director, Haywood County Tax Administration, w/o enc
Stephen King, Haywood County Solid Waste Director, w/o enc
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PROFESSIONAL ENGINEERING DESIGN CERTIFICATION

In accordance with the Solid Waste Management Rules, 15A NCAC 13 B, Section .1600, I
certify that the construction of the White Oak MSW Landfill, Permit 44-07, MSW Phase 3 has
been constructed in substantial accordance with the approved plans and specifications, as
presented in the Permit to Construct approved on May 5, 2009 and subsequently modified on

October 7, 2009.
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CERTIFICATION REPORT
FOR
WHITE OAK MSW LANDFILL
MSW PHASE 3
PERMIT NO. 44-07
HAYWOOD COUNTY, NORTH CAROLINA

1.0 INTRODUCTION

This Report, prepared by McGill Associates on behalf of Haywood County, North Carolina
addresses the quality assurance procedures and activities performed during the construction of
the MSW Phase 3 cell at the White Oak MSW Landfill. The documents comprising this report
were compiled in general conformance with North Carolina Solid Waste Management
Regulations, 15A NCAC 13B and the General Permit Conditions of Permit #44-07. The project
generally consisted of the construction of approximately 8.8 acres of lined landfill, including
earthwork, soil liner, geosynthetic clay liner (GCL), high density polyethylene liner, leachate
collection system, leachate pumping stations, leachate force main and gravity sewer,
improvements to the existing leachate storage lagoon, access roads, and erosion control
measures.

On May 5, 2009 a Permit to Construct Municipal Solid Waste Landfill Phase 3 was issued by
the North Carolina Department of Environment and Natural Resources (NCDENR). On October
7, 2009 the NCDENR issued a modification to the May 5, 2009 Permit to Construct to allow
the addition of a geosynthetic clay liner (GCL) alternative base liner system. A copy of the May
5, 2009 and the October 7, 2009 Permit to Construct is included in Section 1 of this Report.

A copy of the Technical Specifications portion of the Conformed Documents for the White Oak
MSW Landfill, MSW Phase 3, Haywood County, North Carolina is included in Section 2 of this
Report for reference. The Site Specific Construction Quality Assurance Plan (SSCQAP) for this
project is included in Section 3 of this Report. A copy of the Contract Drawings, issued for
construction, is included in Section 4 of this Report.

Joyce Engineering Inc. was contracted by Haywood County, North Carolina to be the
Construction Quality Assurance (CQA) Engineer to perform specific quality assurance
procedures and activities relative to the construction of the landfill cell itself. Their specific
duties included the soil subgrade foundation, low permeability soil liner, geosynthetic clay liner,
high density polyethylene geomembrane liner, geotextile cushion, and the aggregate drainage
layer. A copy of their certification report titled Construction Quality Assurance Certification
Report, dated May 2010 for the White Oak Landfill, Phase 3 Construction, NCDENR Permit
#44-07 is included in Section 5 of this Report.
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2.0 WELL ABANDONMENT

Prior to commencing construction activities for the construction of the Phase 3 cell, various
piezometers/monitoring wells installed and utilized during the design phase of the project that
were in conflict with the proposed construction were abandoned. These piezometers/monitoring
wells were abandoned in accordance with the applicable section of the North Carolina Well
Construction Standards Rule 15A NCAC 2C. This activity was performed under the supervision
of Bunnell-Lammons Engineering, Inc. A copy of the Report of Well Abandonment for the
Phase 3 & 4 Expansion, dated July 9, 2009 is included in Section 6.

3.0 SOIL SUBGRADE FOUNDATION
3.1 Removal of Unsuitable Material

In the lower elevations of the Phase 3 cell an area containing unsuitable materials was
discovered during the design phase of the project. Plans were developed and included
in the construction drawings to remove this material, install an under drain system as
needed and replace with suitable compacted material. Approximately 8,000 cubic
yards of unsuitable material was removed and replaced under the supervision of the
CQA Engineer. The specific quantities of material removed and the areas from which
it was removed are included in Appendix 1 of the Construction Quality Assurance
Certification Report included in Section 5 of this report. In addition to the
undercutting, approximately 900 linear feet of under drain was installed per the contract
documents.

3.2 Existing Leachate Sewer Lines

Existing leachate sewer lines from Phase 1, Cell 4 and Phase 2 were removed and
replaced as a part of the construction of the Phase 3 Cell. These lines were replaced as
dual contained HDPE gravity sewer lines with a minimum separation of four feet
maintained between the top of the pipe and the bottom elevation of the proposed soil
liner material. These two gravity sewer lines discharged to a new manhole constructed
as a part of the construction for eventual discharge in the existing leachate lagoon.
These pipes were pressure tested on August 19, 2009. A copy of the pressure test is
included in Section 7.

3.3 Rock Pinnacles

During the construction of the subgrade of Phase 3 rock pinnacles were encountered
along the northern half of the western edge of the cell, near the tie-in with the proposed
Phase 4 cell. These pinnacles could not be removed by conventional excavation
methods. Rock pinnacles were also encountered in sediment basin #6. A request to
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allow the removal of the rock pinnacles through the use of explosives was submitted to
NCDENR and was approved on September 15, 2009. Drilling and blasting operations
were performed under the supervision of a licensed blaster under contract to the site
contractor. Blasting operations were completed on or about October 23, 2009. In
accordance with the conditions of the approval to blast, the site was inspected by a
licensed geologist following completion of blasting activities. A report evaluating the
possible impact on the area’s hydrology was prepared by Bunnell-Lammons
Engineering, Inc. and is included in Section 8. The findings in the report concluded the
blasting activities had no impact on the area’s hydrology and therefore no modification
to the facility’s groundwater monitoring plan was necessary. A copy of the blasting
plan and associated correspondence is also included in Section 8 of this report. The
CQA Engineer observed the excavation to confirm the rock had been removed to
sufficient depth and the backfilling of the excavated area as a part of the overall
observation of the preparation of the subgrade.

3.4 Soil Subgrade Certification

The CQA Engineer observed the soil subgrade preparation and issued a subgrade
certification letter on November 19, 2009. A copy of this certification letter is included
in Appendix VII of the Construction Quality Assurance Certification Report prepared
by Joyce Engineering, Inc. included in Section 5 of this report. A certified survey of
the subgrade elevations for Phase 3 (titled “As-Built For Cell Subgrade™) is included as
“Drawing #1 Subgrade” in Appendix VIII of the Construction Quality Assurance
Certification Report prepared by Joyce Engineering, Inc. included in Section 5 of this
report.

4.0 LOW PERMEABILITY SOIL LINER

Following the completion of the subgrade construction the Contractor proceeded with
construction of the low permeability soil liner. Initially the Contractor constructed a test pad, in
the southwest corner of Phase 3 along the sloped cell floor in accordance with the Contract
Documents. The test pad measured approximately 100 feet by 150 feet. Low permeability soil
from an identified on-site borrow source was used for the test pad. Four lifts, each
approximately 8 inches thick, were placed/spread with a dozer and compacted with a sheep’s
foot roller/compactor. The Contractor made repeated efforts to work the soil to obtain the
required minimum permeability of 1x10E-7 cm/sec. This effort was repeated numerous times
utilizing varying moisture levels and compactive efforts. The CQA Engineer observed this
operation and performed in-situ permeability tests to confirm the results. After repeated
attempts, it was determined that the on-site borrow source, previously identified as a source of
low permeability soil liner, would apparently not meet the minimum required permeability of
1x10E-7 cm/sec. The Contractor proposed the use of a geosynthetic clay liner (GCL) in lieu of a
low permeability soil liner meeting the minimum requirements of 1x10E-7 cm/sec. McGill
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Associates prepared and submitted to NCDENR a permit modification to allow the use of 18
inches of low permeability soil liner meeting a minimum permeability of 1x10E-5 cm/sec and a
GCL with a permeability of approximately 1x10E-9 cm/sec. The top elevation of the low
permeability soil liner (1x10E-5 cm/sec) would remain the same as the designed top elevation of
the original low permeability soil liner (1x10E-7 cm/sec). This permit modification was
approved by NCDENR on October 7, 2009, a copy of which is included in Section 1 of this
report. Following the approval of the permit modification, the alternate low permeability soil
liner was constructed in three lifts for a total thickness of 24 inches. In-situ permeability testing
was performed by the CQA Engineer to confirm the top 18 inches met the minimum
permeability of 1x10E-5 cm/sec. The results of this testing protocol are included in Appendix I
of the Construction Quality Assurance Certification Report prepared by Joyce Engineering, Inc.
included in Section 5 of this report. A certified survey of the low permeability soil liner
elevations for Phase 3 (titled “As-Built For Cell Clay Liner”) is included as “Drawing #2 Soil
Liner” in Appendix VIII of the Construction Quality Assurance Certification Report prepared by
Joyce Engineering, Inc. included in Section 5 of this report.

The leachate lagoon berm, raised in elevation as a part of this project, was also constructed of the
same low permeability soil material as the Phase 3 alternate low permeability soil liner approved
in the aforementioned permit modification. The CQA Engineer observed the placement of this
material and performed the quality assurance testing as required by the Contract Documents.
The final results of the field and laboratory testing for the leachate lagoon berm expansion are
included in Appendix 1 of the Construction Quality Assurance Certification Report prepared by
Joyce Engineering, Inc. included in Section 5 of this report.

5.0 GEOSYNTHETIC CLAY LINER (GCL)

With the approval of the Permit Modification dated October 7, 2009, a copy of which is included
in Section 1 of this report, the Contractor placed the GCL across the entire floor of the Phase 3
Cell. Prior to the placement of the GCL panels the Geosynthetics Contractor inspected and
completed the subgrade acceptance form for the applicable work area. Copies of the subgrade
acceptance forms are included in Appendix III of the Construction Quality Assurance
Certification Report prepared by Joyce Engineering, Inc. included in Section 5 of this report. The
GCL panels were placed simultaneously with the placement of the HDPE Geomembrane Liner
and all GCL panel material was covered with HDPE Geomembrane Liner each day. The
particular panels utilized for this project were manufactured by CETCO and were supplied with a
proprietary Winning Edge Super Grove™™ allowing a more direct contact of bentonite clay with
the adjacent panel. Adjacent GCL panels were overlapped a minimum of 6 inches and end-of-
rolls were overlapped and shingled a minimum of 24 inches. The Contractor applied accessory
sodium bentonite between the end-of-roll overlaps as required in the Contract Documents. The
CQA Engineer observed the placement of the GCL panels to ensure placement in accordance
with the Contract Documents. The manufacturer’s quality certifications (MQC) are contained in
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Appendix II of the Construction Quality Assurance Certification Report prepared by Joyce
Engineering, Inc. included in Section 5 of this report.

The GCL panels were also utilized for the expansion of the leachate lagoon berm. These panels
were deployed in the same fashion as the GCL panels for the Phase 3 Cell. Adjacent GCL
panels were overlapped a minimum of 6 inches and end-of-rolls were overlapped and shingled a
minimum of 24 inches. The Contractor applied accessory sodium bentonite between the end-of-
roll overlaps as required in the Contract Documents. The CQA Engineer observed the placement
of the GCL panels for the leachate lagoon expansion to ensure placement in accordance with the
Contract Documents. The manufacturer’s quality certifications (MQC) are contained in
Appendix II of the Construction Quality Assurance Certification Report prepared by Joyce
Engineering, Inc. included in Section 5 of this report.

6.0 HIGH DENSITY POLYETHYLENE GEOMEMBRANE (HDPE) — PHASE 3
CELL

The primary HDPE Geomembrane was deployed in the Phase 3 Cell immediately following the
deployment of the GCL panels. Sufficient HDPE Geomembrane Liner was deployed in the
Phase 3 Cell area during each installation cycle to completely cover the GCL panels. Once the
HDPE Geomembrane panels were placed and properly positioned the Geosynthetics Contractor
undertook the task of seaming the joints and overlaps in accordance with the Contract
Documents. The CQA Engineer observed the placement and seaming of all HDPE
Geomembrane Liner to ensure conformance with the Contract Documents and testing protocol.
The installation records and QA/QC data for the HDPE Geomembrane Liner installed in the
Phase 3 Cell area are included in Appendix III of the Construction Quality Assurance
Certification Report prepared by Joyce Engineering, Inc. included in Section 5 of this report.
The as-built HDPE Geomembrane panel layout drawing for the Phase 3 Cell, noting all seams,
repairs, etc. is included as “Drawing #4 Geomembrane” in Appendix VIII of the Construction
Quality Assurance Certification Report prepared by Joyce Engineering, Inc. included in Section
5 of this report.

7.0  GEOTEXTILE CUSHION

The geotextile cushion, consisting of a 16 oz/sy nonwoven geotextile, was placed to cover and
protect the HDPE Geomembrane Liner once all seaming and QA/QC activities had been
completed. The geotextile cushion was placed with all adjacent seams and end-of-roll seams
overlapped a minimum of 6 inches. The individual geotextile panels were smoothed out and heat
bonded together to form a contiguous geotextile cushion over the entire lined Phase 3 Cell area.
The CQA Engineer observed the placement and heat seaming of all geotextile material.
Manufacturer certificates and material conformance test results are included in Appendix IV of
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the Construction Quality Assurance Certification Report prepared by Joyce Engineering, Inc.
included in Section 5 of this report.

80 GEOCOMPOSITE

A geocomposite was placed between the existing HDPE Geomembrane Liner and the new
HDPE Geomembrane Liner as a part of the expansion of the leachate lagoon. The CQA
Engineer observed the placement and seaming of the geocomposite panels. Manufacturer
certificates and material conformance test results are included in Appendix IV of the
Construction Quality Assurance Certification Report prepared by Joyce Engineering, Inc.
included in Section 5 of this repott.

9.0 HIGH DENSITY POLYETHYLENE GEOMEMBRANE (HDPE) — LEACHATE
LAGOON EXPANSION

The primary HDPE Geomembrane deployed as a part of the leachate lagoon expansion was
placed immediately following the deployment of the GCL panels and the geocomposite.
Sufficient HDPE Geomembrane Liner was deployed in the leachate lagoon during each
installation cycle to completely cover the GCL panels and the geocomposite. Once the HDPE
Geomembrane panels were placed and properly positioned the Geosynthetics Contractor
undertook the task of seaming the joints and overlaps in accordance with the Contract
Documents. The CQA Engineer observed the placement and seaming of all HDPE
Geomembrane Liner and pipe boots to ensure conformance with the Contract Documents and
testing protocol. The installation records and QA/QC data for the HDPE Geomembrane Liner
installed as a part of the leachate lagoon expansion is included in Appendix III of the
Construction Quality Assurance Certification Report prepared by Joyce Engineering, Inc.
included in Section 5 of this report. The as-built HDPE Geomembrane panel layout drawing for
the leachate lagoon expansion, noting all seams, repairs, etc. is included as “Drawing #4
Geomembrane” in Appendix VIII of the Construction Quality Assurance Certification Report
prepared by Joyce Engineering, Inc. included in Section 5 of this report.

10.0 LEACHATE COLLECTION REMOVAL SYSTEM

The leachate collection removal system consisted of the placement of 6 inch and 8 inch
perforated HDPE pipe (SDR 17) surrounded by 12 inches of NCDOT #5 washed stone wrapped
in a 6 oz/sy nonwoven geotextile fabric. The leachate collection removal system was placed in
the lower reaches of the cell and strategically along portions of the sloped sides of the cell to
facilitate the collection and transportation of the collected leachate to the sump area for ultimate
removal from the cell. Cleanouts were installed along the western edge of the Phase 3 Cell as
well as in the vicinity of the sump area. The leachate collection removal system sump consisted
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of depressed collection area with two 24 inch HDPE riser pipes (SDR 17) set within the
depressed area and extending up the adjacent side slope to a point just outside the lined area of
the cell. The portions of the 24 inch riser pipes in the sump area were perforated to allow the
inflow of leachate to the leachate pumping system. Solid 24 inch HDPE pipe extended up the
side slope. The perforated portions of the 24 inch HDPE riser pipes were interconnected with an
8 inch HDPE perforated cross pipe to facilitate the flow of leachate. The perforated portion of
the 24 inch HDPE riser pipes were also interconnected with the associated leachate collection
removal system installed throughout the cell floor area. The depressed portion of the sump area
was backfilled with NCDOT #5 washed stone and overlain with an 8 0z/sy nonwoven geotextile
over which a 2 foot thick layer of aggregate drainage material was placed. The leachate
pumping system consisted of a stainless steel pump, flexible discharge line and associated
appurtenances installed in each riser pipe. The pumps and control systems were specifically
designed for use in landfill leachate removal operations and were equipped to operate
automatically on alternate pumping cycles or manually should the need arise. The pumps were
set within the perforated section of the riser pipe. The installation of the leachate removal
collection system was observed by the Engineer who also performed tests on the pumping
system to ensure proper operation in accordance with the Contract Documents. An as-built
drawing of the leachate collection removal system titled “Record Drawing for White Oak MSW
Landfill, Phase 3” under the file name “White Oak MSW record drawing.pdf” is included in
Section 9 of this report.

11.0. AGGREGATE DRAINAGE LAYER

Once the geotextile cushion was placed, and in conjunction with the installation of the leachate
collection removal system, a 2 foot thick aggregate drainage layer comprised of NCDOT #57
washed stone meeting the gradation and calcium carbonate requirements of the Contract
Documents was installed. The placement of the aggregate drainage layer was initiated on the
southern end of the Phase 3 Cell and systematically worked toward the sump area at the northern
end of the cell. As the placement of the aggregate drainage layer progressed in a northerly
direction, care was taken to push the stone material in an uphill fashion to avoid undue stress on
the soil/synthetic interface. The aggregate drainage layer was placed using a GPS guided dozer
to ensure a consistent thickness was maintained over the synthetic liner material and the leachate
collection removal system. Material pre-construction and construction testing results are
contained in Appendix I.C of the Construction Quality Assurance Certification Report prepared
by Joyce Engineering, Inc. included in Section 5 of this report. A certified survey of the
aggregate drainage layer elevations for Phase 3 (titled “As-Built For Cell Protective Cover™) is
included as “Drawing #3 Aggregate Drainage Layer” in Appendix VIII of the Construction
Quality Assurance Certification Report prepared by Joyce Engineering, Inc. included in Section
5 of this report.
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120  STORMWATER CONTROL LINER

Upon completion of the placement of the aggregate drainage layer a geomembrane stormwater
cover was installed and secured by the Geosynthetic Contractor. The stormwater control liner
will assist in minimizing the volume of leachate generated within the Phase 3 Cell until such
time as the cell is completely floored in with waste. As the placement of waste progresses from
the southern end of the Phase 3 Cell to the north, the stormwater control liner will be
systematically removed to allow intimate contact between the waste mass and the aggregate
drainage layer thereby ensuring the capture and removal of all leachate. The Engineer observed
the placement and anchoring of the stormwater control liner.

13.0 SUMMARY OF CQA FIELD DATA

A summary of the CQA field data collected and tabulated by Joyce Engineering, Inc., the CQA
Engineer hired by Haywood County to perform specific CQA activities during the construction
of the Phase 3 Cell at the Haywood County MSW Landfill, is discussed in 3.0 Summary of CQA
Field Data in the Construction Quality Assurance Certification Report prepared by Joyce
Engineering, Inc. included in Section 5 of this report.

14.0 DEVIATION FROM THE CONTRACT DOCUMENTS - PHASE 3 TIE-IN TO
PHASE 1, CELL 4 AND PHASE 2

As construction progressed along the tie-in between the Phase 3 Cell and the existing Phasel,
Cell 4 and Phase 2 Cell it became apparent that existing conditions along that connection point
would make the anchor trench and liner tie-in detailed in the Contract Drawings difficult to
construct. The Contractor suggested a change in the anchor trench and liner tie-in design to
avoid excavating existing soil material below the elevation of the adjacent waste mass prior to
placement of the low permeability soil liner material. McGill Associates reviewed the
Contractor’s request and provided a revised anchor trench and liner connection detail for use
along this connection point. A drawing of the proposed revised anchor trench and liner
connection detail, titled “09 1103 — Liner Tie-in Detail — Phase 3 to Phase 1 & 2.pdf” is included
in Section 10 of this report. A key component of this detail required that once the anchor trench
was excavated; Shelby tube samples would be taken a minimum of 18 inches deep through the
bottom of the anchor trench at intervals not to exceed 250 feet. The purpose of the tests was to
confirm a minimum of 18 inches of low permeability soil below the bottom of the anchor trench
meeting a minimum permeability of 1x10E-5 cm/sec. Four samples (S-1 through S-4) were
collected by CQA Engineer along the Phase 3 Cell tie-in with Phase 1, Cell 4 and Phase 2. Test
sample S-2, along the Phase 2 Cell connection, failed to meet the required minimum
permeability. A re-sample, S-2A (laboratory sample PH2B), was taken in the anchor trench
approximately 100 feet to the west of failed sample S-2. This sample met the minimum
thickness and permeability requirements. The anchor trench soil tests and locations are included
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in Appendix I.B — Construction Testing in the Construction Quality Assurance Certification
Report prepared by Joyce Engineering, Inc. included in Section 5 of this report. As a result of
the existing soil material below the anchor trench failing to meet the minimum permeability
requirements of the low permeability soil liner (Sample S-2), McGill Associates prepared a detail
of the proposed repair and submitted it by e-mail to NCDENR on December 11, 2009. A copy
of the e-mail titled “09 1211 — E-mail to AG — Additional GCL.pdf” and its associated
attachments is included in Section 10 of this report. The repair required the Contractor to place
an additional GCL panel over the section of anchor trench affected by the failure. On April 14,
2010 an e-mail was sent to the Contractor providing a blow-up detail of the existing conditions
and the suggested repair. This e-mail, titled “10 0414 — E-mail to KV — Install GCL.pdf”, and its
associated attachments drawings is included in Section 10 of this report. To accomplish this
repair, the Contractor removed the aggregate drainage layer along the specified area requiring
repair to expose the synthetic liner material initially installed over the anchor trench. The
geotextile cover and HDPE Geomembrane flap initially installed over the anchor trench were
pulled back and the soil anchor in the anchor trench was checked and regraded to promote
positive drainage into the Phase 3 Cell area. A single GCL panel, approximately 14.5 feet wide
by 150 feet long was placed over the affected area by the Geosynthetic Contractor followed by a
HDPE Geomembrane flap of sufficient size to cover the GCL and extend over the break in the
adjacent slope leading into the Phase 3 Cell. A geotextile cushion layer was then installed over
the HDPE Geomembrane flap and the aggregate drainage layer replaced over the affected area.
The overall dimensions of the modified tie-in were approximately 22 feet wide by 203 feet long.
The CQA Engineer observed the work done as a part of the modified tie-in procedure. There
was some initial concern that the aggregate drainage layer had become slightly contaminated
with fine soil material washing from the Phase 2 Cell area; however, after the aggregate drainage
layer was removed and observed, the CQA Engineer determined the contamination was minimal
and should not affect the flow of leachate to the Phase 3 Cell area. A drawing showing the area
along the Phase 3/Phase 2 connection where the additional GCL and HDPE Geomembrane was
installed is included in Appendix III.C — Installation of the Construction Quality Assurance
Certification Report prepared by Joyce Engineering, Inc. included in Section 5 of this report.
The as-built HDPE Geomembrane panel layout drawing for the Phase 3 Cell also defines this
modified tie-in area and is included as “Drawing #4 Geomembrane” in Appendix VIII of the
Construction Quality Assurance Certification Report prepared by Joyce Engineering, Inc.
included in Section 5 of this report.

15,0 PHASE 3 LEACHATE COLLECTION LINE / PHASE 2 LEACHATE SEWER
LINE VIDEO INSPECTION

In early August 2010, the main 8-inch (8”) leachate collection system trunk lines serving the
Phase 3 Cell area were video inspected by the Contractor. Copies of the inspections were
digitally recorded along with the footage traveled by the camera as it moved along the pipe.
Prior to beginning the video process, any liquid remaining in the lower reaches of the leachate
collection system (i.e., sump area, etc.) was removed in order to provide clear pictures of the
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interior of the pipe system. The videos of the 8-inch leachate collection system trunk lines were
submitted to the Engineer for review. Based on the visual evidence recorded on the submitted
videos, the 8-inch leachate collection system trunk lines, serving the Phase 3 Cell area, appear to
be installed in general conformance with the Contract Documents. These pipe systems should
function as leachate collection trunk lines for the Phase 3 Cell disposal area.

The Phase 2 leachate sewer collection line (Line LP-4), which was installed below the Phase 3
Cell liner system, was also video inspected in early August 2010. Prior to inspecting this line, it
was jet cleaned to remove any sediment that may have entered the line during construction or
prior to it being connected to the discharge line from the Phase 2 Cell sump area. The video of
this line was digitally recorded along with the footage traveled by the camera as it moved along
the pipe. The video of the inspection of the Phase 2 leachate sewer collection line was submitted
to the Engineer for review. A review of this video by the Engineer revealed an apparent sag in
the line at or about station 13+23 and extending approximately seventy-seven feet (77”) to station
14+00. The Contractor was notified of the problem and instructed to prepare a schedule and
work plan for correcting the apparent sag in the Phase 2 leachate sewer collection line. The
repair of the Phase 2 leachate sewer collection line (Line LP-4) is discussed in the following

paragraph.

16.0 PHASE 2 LEACHATE SEWER AND LINER REPAIR

The location of the segment of pipe (Line LP-4) requiring repair is in the northeastern quadrant
of the Phase 3 Cell area approximately 110 feet west of the liner tie-in with the Phase 1 Cell and
approximately 250 feet south of the north end of the cell. The slope of the cell floor in this area
is approximately 3:1 down hill from east to west. The stationing of the apparent sag in line LP-4
begins at approximately station 13+23 and ends at approximately station 14+00. The stationing
is based on the camera’s recorded travel footage as shown on the video inspection recording.
The exact location and footage of pipe requiring repair will be determined in the field once the
line is uncovered and the elevations confirmed by field survey. The CQA testing/certification
for the proposed leachate collection line repair is included in Appendix IX, Phase 2 Leachate
Sewer and Liner Repair, of the Construction Quality Assurance Certification Report as prepared
by Joyce Engineering, Inc. dated May 2010, revised June 2010 and October 2010, included in
Section 5 of this report.

On September 28, 2010 the Contractor mobilized to the site to initiate the repair of the apparent
sag in the Phase 2 leachate sewer collection line. In order to access the repair site, the contractor
entered the cell area from the western side with the small track backhoe that would be used to
remove the stone drainage layer and excavate the soil covering the leachate collection pipe.
Prior to entering the site a small strip of the temporary rain cover system was carefully removed
in order to allow equipment access with out damaging the rain cover material. The segment of
pipe was field located and a portion of the rain cover was removed to expose a work area
measuring approximately 7,800 square feet. The two-feet of stone drainage layer was removed
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and stockpiled within the work area. The exposed liner materials, comprised of the 16-oz.
nonwoven fabric, 60-mil HDPE geomembrane and the geosynthetic clay liner (GCL), were
removed and eventually discarded due to damage sustained during the removal process. The
pipe segment in question was uncovered with careful attention paid to the location and
segregation of the stockpiled soil material so as not to contaminate the surrounding stone
drainage layer. The elevations of the exposed pipe segment were checked by field survey and
the extent of the proposed repair length adjusted to ensure positive flow before, through and after
repaired pipe segment. The elevations of the pipe segment were adjusted under the observation
of the Engineer’s representative. Once the pipe adjustments were complete, the excavated
material was placed and compacted in lifts in much the same order as it was removed. The
placement and compaction of the soil material was observed by the Engineer’s representative.
The CQA Engineer arrived on site on September 30, 2010 and conducted soil density tests on the
compacted clay liner portion of the backfilled pipe excavation prior to the placement of the liner
system. New GCL, 60-mil textured HDPE geomembrane and nonwoven geotextile were
delivered to the site and utilized in the repair. The CQA Engineer observed the placement of the
GCL and the 60-mil textured HDPE geomembrane over the area of the repair. The following
day the CQA Engineer observed the seaming/welding of the new geomembrane liner system to
the existing liner system and the field testing of the seams/welds to ensure compliance with the
Contract Documents. Following completion of the geomembrane liner system, the CQA
Engineer observed the placement of the nonwoven geotextile fabric and the initial placement of
the stone drainage layer on the textile covered repair area. The remaining stone drainage layer
was replaced and the equipment removed from the repair area. The rain cover was reinstalled
across the repair area and the equipment access route. Appendix IX of the Construction Quality
Assurance Certification Report, prepared by Joyce Engineering, Inc. and submitted to McGill
Associates for review, is a compilation of the CQA data and submittals associated with the repair
of the Phase 2 leachate collection pipe. The Phase 2 leachate sewer collection line (Line LP-4)
should function as a drain line for the sump system associated with the Phase 2 Cell area.

A review of the CQA Report revealed that an apparent 10-0z. nonwoven geotextile fabric had
been placed as a protective cover over the 60-mil HDPE geomembrane in the repair area. The
10-0z nonwoven fabric utilized in lieu of the 16-0z. nonwoven geotextile fabric specified in the
Contract Documents was apparently placed in error. The Contractor was notified of the
situation. Discussions were held to determine the best way to remedy the situation without
risking damage to the cell’s liner system. It was decided that in lieu of removing the stone
drainage layer and adding to or replacing the nonwoven geotextile fabric in the repair area, the
Contractor would be allowed to provide an engineering certification stating that the installed 10-
oz. nonwoven geotextile would provide adequate protection for the geomembrane liner material.
The Contractor opted to pursue this remedy. McGill Associates provided the Contractor with
minimum design criteria for conducting the evaluation of the 10-0z. nonwoven geotextile’s use
in lieu of the specified 16-0z nonwoven geotextile fabric. A copy of the design requirements
provided by McGill Associates is included in Section 11, Phase 2 Leachate Sewer and Liner
Repair, of this report. The Contractor engaged the services of Joyce Engineering, Inc. to
evaluate the suitability of the 10-oz. nonwoven geotextile in lieu of the specified 16-oz.
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nonwoven geotextile. The evaluation was performed and the findings transmitted to the
Contractor in a letter from Joyce Engineering, Inc. dated December 15, 2010. The Contractor
officially transmitted the evaluation to McGill Associates in a letter dated December 29, 2010.
Joyce Engineering, Inc. provided an opinion and a certification prepared by a professional
engineer, registered in the State of North Carolina, that the 10-0z. nonwoven geotextile fabric
will deliver an adequate factor of safety (3.2) against puncture based on the loading scenario
provided by McGill Associates. Copies of the December 15, 2010 letter from Joyce
Engineering, Inc. to Thalle Construction Company and the December 29, 2010 letter from Thalle
Construction Company to McGill Associates are included in Section 11, Phase 2 Leachate Sewer
and Liner Repair of this report. McGill Associates reviewed the engineering evaluation for
conformance with the evaluation criteria and general engineering standards and practices.

In conclusion, the opinion is the 10-0z. nonwoven geotextile fabric, used as a cushion material
for the geomembrane liner as a part of the repair of the Phase 2 leachate collection line, will meet
the performance standards for the project relative to the required factor of safety against liner
puncture. The factor of safety against puncture is based on the loading criteria for this particular
location within the Phase 3 Cell area.

END
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Waste Industry Experts

m- Joyce Engineering, Inc.
2211 West Meadowview Rd
- Suite 101
-v . ‘- Greenshoro, NC 27407
ENGINEERING, INC tel: 336/323-0092

fax: 336/323-0093

www.JoyceEngineering.com

October 28, 2010

Mr. Jeff Bishop, P.E.
McGill Associates
55 Broad Street
Asheville, NC 28801

RE:  Construction Quality Assurance Certification Report Revision
White Oak Landfill, Phase 3 Expansion
NC DENR Permit #44-07
Haywood County, North Carolina
JEI Project No. 801.0900.11, Task 01

Dear Jeff:

This letter to my knowledge and belief certifies the Haywood County Phase 3 MSW Landfill has
been constructed in conformance with the plans and specifications.

The enclosed revision Appendix 9 to the Phase 3 Certification Report presents an accumulation
of field, laboratory, and other quality assurance data for the leachate sewer and liner repair construction.
It is our understanding that the enclosed construction quality assurance documentation was compiled in
accordance with North Carolina Solid Waste Regulations, 15A NCAC 13B and fulfills the submittal
requirements in the General Permit Conditions of Permit 44-07, and modification to the Permit to
Construct for the MSW landfill unit Phase 3 (October 7, 2009).

The leachate sewer and liner repair work CQA services were conducted as continuation with our
agreement with Haywood County, and the Appendix 9 to the CQA report will be part of the final
submittal to the North Carolina DENR following the completion of the project. We appreciate the
opportunity to work together with McGill Associates on this project. If you have any comments
regarding the report, please feel free to contact us.

Sincerely,
JOYCE ENGINEERING, INC.
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Prepared for:
Haywood County
Department of Solid Waste
278 Recycle Road
Clyde, NC 28721

WHITE OAK LANDFILL
PHASE 3 CONSTRUCTION
NC DENR PERMIT # 44-07

CONSTRUCTION QUALITY ASSURANCE

CERTIFICATION REPORT
May 2010
Revised June 2010
Revised October 2010

Prepared by:
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ENGINEERING, INC.
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Boone Bldg, Suite 101
Greensboro, North Carolina 27407
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NC Corporate License: C-0782
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APPENDIX IX.A

Narrative — Leachate Sewer and Liner Repair




Appendix IX - Phase 2 Leachate Sewer and Liner Repair

During the last week of September 2010 McGill Associates directed the Contractor to
correct a segment of the Phase 2 leachate sewer drain line, Thalle Construction Company
opened the area identified by the engineer and reinstalled the segment of pipe (o provide positive
flow. A field representative of Geotechnics observed the soil liner rework and provided in place
moisture and density testing utilizing a nuclear density gauge. The field test results and daily
activity report are included in Appendix IX. Table 3, Soil Liner Construction Testing Results,
has been amended to include the rework test results.

Hallaton Inc. mobilized to conduct the geosynthetic liner repair following the completed
soil liner rework. Geotechnics representative observed the Geosynthetic Clay Liner (GCL)
installation, the HDPE geomembrane repair over the GCL and placement of the geotextile.
Extrusion welder trial weld peel/shear field testing results and the geosynthetic materials
certificates and conformance testing results are included in Appendix IX.




APPENDIX IX.B

Geotechnics Daily Activity Log




Day: Thursday

Date: 9.30.10 { ectechnics
Log No.: | INTEGRITY IN TESTING
Page: 1

Daily Field Activity Log
Project Name: White Oak MSW LF Phase il Project No.: 2009-666
Client Name: Joyce Engineering Client Contact: Hannu Kemppinen
Site Location: Haywood County,North Carolina Time on Site: g:;:f; d: ggg;m

Genera! Contractor: Thalte Constructlon Supermtendent Keith Vess

Firm / Sub Contractor Representatlve s Name and Tlt
Hallaton
McGilt & Assoc. David Pasko
McGilt & Assoc. Jeff Bishop
Weather Conditions: LT RAIN Temperature: 60's
Contractor's Equipment: 1 Deere 1200 track hoe, Wacker RTSC2 french compactor, 1 CAT skid steer

Contractor's Personnel; 1 foreman 2 operators /1 Ilner foreman 2 installers

* Geotechnics Rep arrived onsite.

= Work performed prior to Geotechnics representative arrival to the site was observed by David Pasko
of Mc Gill and Assoc.

= Thalle had placed structural fill and compacted clay liner prior to Geotechnics rep arrival.
Nuclear density testing was conducted on the compacted clay liner in the repair area
(see CCLND-11 for resulis). No shelby tubes were pushed, Jeff Bishop
stated that the density testing should be adequate since the soil material was tested during the
initial iner construction.

» Hallaton placed 7 panels of GCL, 14' wide by 25’ long, parallel to the slope with 1'-2' overiap on all
sides. Granulated bentonite was spread in the overlapping seams:

= Hailfaton placed 1 panel of HDPE, 22’ wide by 90" long, perpendicular to the slope. Liner :fvas thermal
bonded in place by lyster. HDPE edges over lapped 1'-2' of exsisting HDPE liner.

= Geotechnics Rep retumed to motel.

iiPrepared By: David Wright Date: 9.30.10  Checked By: n¢ Date: /¢ -z —so
2200 Westinghouse Boulevard « Suite 103 » Raleigh, NC 27604 « Phone (819) 876-0405 « Fax (919) 876-0460




Day: Friday

Date: 10.1.10
Log No.: *NTEGRITY IN TESTING
Page: 1
Daily Fieid Activity Log
Project Name; White Dak MSW LF Phase lll Project No.: 2002-666
Client Name: Joyce Engineering Client Contact: Hannu Kemppinen

. . . . Arrived: 7:00am
Sif : H ' :
ite Location aywood County,North Carolina Time on Site Departed: 10:30am

Thaile Constmction Superintendent: Keith Vess

General Oontractor'

. Firm/ Sub-Contrctor T ' Representative's Name and Title
Hallalon
MeGill & Assoc. ) Jeff Bishop
Weather Condifions: SUNNY Temperature: 60's

Contractor's Equipment: 1 Deere 120C track hos, Wacker RTSC2 trench compactor, 1 CAT skid steer

Contractor's Personnel: 1 foreman 2 oparaiors / 1 %mer foreman 2 |nstallers

- Geotechnles Rep arrived onsite.

« Hallaton started extrusion welding of patched repair area. Lysiered edges were ground fo ensure a
proper adhesion of the weld. Welding was done within 5 minutes of seem being scarified. Visuai
inspsction and vaccum festing was conducted after the repair was welded. Air testing showed no leaks

in the repaired area.

- Geotextile was placed over the repair area and thermal bonded together by lyster. Remaining original
textile was cleaned of debri above and beneath it. The new and original textile was thermal bonded
together. Repair area, 26' x 83'in size with 7 panels placed parallel with the slope.

- Thalle started placement of sfone on the texiile covered repair area.

- Geotechnics Rep met up with Jeff Bishop fo discuss any questions or concerns. Jeff Bishop stated he
was satisfied with the information gathered for the overall repair.

« Geotechnics Rep returned to [ab.

{Prepared By: David Wright Date: 10.1.10 Checked By: IS Date: {32D-10
2200 Westinghouse Boulevard « Suite 103 » Rafeigh, NC 27604 » Phone (919) 876-0405 « Fax (919) B76-0460
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APPENDIX IX.C

Revised Table 3 Soil Liner Construction Testing Results




ENGINEERING, INC

White Oak Landfill Phase 3 Expansion - Haywood County, NC
JEI Project 801.00, Task 01

TABLE 3
SOIL LINER CONSTRUCTION TESTING RESULTS

MOISTURE-DENSITY ZONE FOR ON-SITE SOIL SAMPLES
PERMEABILITY LESS THAN 1.0E-05 CM/SEC
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SOIL LINER Construction started on Sepltember 11, 2009

Lab D Tube | ACRE| LIFT WD MC DD Kem/sec| LL PL Pi |USCS| Gravel] Sand [Silt/Clay
No. No, | Rel pcf % pef ) % %
666-06-01 | ST-9 At L1 118.9 | 20.3% 99,7 1.7E-07 45 31 14 ML 515 | 33.21 | 61.64
666-06-02 § ST-10 Al L2 1224 | 21.0% | 101.2 | 4.5E-07 47 34 13 ML, 293 | 41.66 | 55.41
666-07-05| ST-16] A1 L3 118.1 24.1% 95,2 57E-07 40 35 5 ML 349 | 47.20 | 49.31
666-07-01 | ST-11 A2 Li 115.8 | 19.6% 96.8 1.4E-06 43 35 8 ML | 3.54 | 46.65 | 49.81
666-07-03 t ST-13 A2 1.2 118.1 29.7% 91.1 1.7E-07 49 38 11 ML 1.01 | 36.45 | 6254
666-07-06 | ST-16 1 A2 L3 1187 | 25.6% 94.5 3.4E-07 48 34 i2 ML | 092 | 47.58 | 51.50
666-08-01 | ST-18] A3 Lt 1219 | 25.1% 97.4 3.4E-07 50 41 9 MH | 3.37 | 41.10 ] 55.53
666-08-02 | 5T-19 A3 1.2 120.9 | 25.0% 96.7 1.8E-07 48 35 13 ML 478 | 38.32 { 55.90
666-09-01 | ST-20| A3 L3 1238 | 24.0% 298 3.0E-07 45 37 8 ML 5.46 | 43.97 | 50.57
666-10-06 | ST-32 Ad L1 1122 | 24.6% 80.0 4 2E-08 48 38 10 ML 058 | 34.32 | 65.10
666-09-07 | ST-33 Ad L2 113.2 | 22.2% 92.6 7.2E-08 47 39 8 ML | 0.08 | 40.02{ 59.90
666-12-03 | ST-34 Ad L3 117.2 | 24.6% 94 1 4.7E-06 45 39 6 ML 0.27 | 41.94 | 57.79
B66-09-05 | ST-24| Ab L1 1182 | 27.4% 93.6 4 .3E-07 45 35 10 ML 053 | 36.36 | 63.11
666-09-10§ ST-29| AL L2 110.6 | 24.8% 88.6 2.7E-06 48 42 2] ML 1.03 | 3581} 63.16
B66-10-05¢ ST-30| A5 L3 113.3 | 21.1% 93.6 9.5F-06 44 39 5 ML | 0.24 | 38411 61.35
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LabD | Tube | ACRE | LIFT WD MC DD |Koem/secj LE | PL Pl [USCS| Gravel| Sand [Silt/Clay
No. No. Ref. pct % pcf %o % %
666-09-02 | ST-21] A6 L1 121.7 | 24.0% | 98.1 1.8E-07 [ 55 33 22 | MH | 045 | 37.06 } 62.48
866-00-03 | ST-22| A8 L2 1127 | 214% | 928 | 24E-05 | 37 | 32 5 ML | 338 | 42.02 | 54.60
666-08-03 |ST-22B] A6 [2B | 1151 | 18.1% | 966 | 39E05 | 37 | 32 5 ML | 3.38 | 42.02 | 54.60
666-10-03 |ST-22A| AS L2R | 1157 | 24.8% | 927 | 23E06 | 49 | 4 8 ML | 045 | 3894 | 60.61
666-09-04 | ST-23| A8 L3 111.7 | 28.8% | B6.72 | 57E-06 | 45 | 38 7 ML | 050 | 3885 | 60.65
666-11-01 {ST-23A| A6 L3R | 1086 [ 27.8% | B5.0 | 28E-06 | 45 | 38 7 ML | 0.15 | 36.03 | 63.82
666-00-06 | ST-25| A7 L1 1157 | 264% | 915 | 14E-06 | 47 | 39 8 ML | 216 | 43.03 | 54.81
666-08-08 | ST-27 | A7 L2 103.9 | 22.0% | 85.2 | 1.5E-05 | 47 | 43 4 ML | 022 | 38.28 | 61.50
§66-10-04 |ST-27A] A7 L2 1194 | 26.8% | 942 | 1.3E06 | 44 | 38 8 ML | 079 | 5363 | 45.58
§66-12-04 | ST-35]| A7 L3 106.1 | 24.7% | 85.1 3.2E-05 | 47 39 8 ML | 3.87 | 40.50] 55.63
666-14-01 |ST-35A] A7 L3R | 1074 | 19.9% | 896 | 56E-06 | 49 | 41 8 ML 6.3 | 34.36 | 59.34
666-09-07 | ST-26 | A8 1.1 1177 { 27.3% | 925 | 14E-08 | 43 | 34 g ML | 1.65 | 36.33 | 62.02
666-09-09 | ST-28] A8 L2 103.3 | 21.2% | 852 | BBE-DS i 45 | 40 5 ML | 066 | 44.67 | 54.77
566-12-02 |ST-28A] A8 2R | 117.0 | 258% | 93.0  49E-06 | 47 | 37 i0 | ML | 158 | 36.19; 62.23
866-12-01 | ST-31 | A8 L3 106.0 | 26.2% | 840 | 37E-06 | 47 | 39 8 ML | 0.13 | 41.27 | 58.60
B66-07-02 | ST-12 | ASA L1 119.6 | 25.8% | 95.1 B.0E-07 | 47 | 36 11 ML | 526 | 44.17 ] 50.57
666-07-04 | ST-14 | ASA L2 113.7 | 255% | 806 | 21E-06 | 48 36 10 | ML | 3.12 | 4441 5247
666-07-07 | ST-17 | ASA L3 1226 | 24.9% | 982 | t1E07 | 48 | 38 16 | ML | 167 | 39.61 | 58.72
666-13-01] ST-36 | ASB L1 1149 | 262% | 91.8 | 3.3E-05 | 46 36 10 | ML | 047 | 43.19 | 56.64
666-13-01 |ST-36A| ASBR | L1 1126 | 229% | 9816 | BOE-DO6 | 50 | 36 14 | MH §{ 4.21 | 4369 [ 52.10
666-13-02 | ST-37 | A9B L2 1079 | 25.2% | 86.2 | 98E-D6 | 51 43 8 MH | 053 | 43.87 | 55.60
666-13-03 | ST-38 | A9B L3 1182 | 248% | 948 | 2.8E-06 | 51 43 8 MH | 0.9% | 381 | 60.91
PERIMETER ANCHOR TRENCH
666-10-01 | ST-1 |PH1 CCH3 1213 | 232% | 985 | 53E07 | 45 | 33 i2 | ML | 039 | 4253 | 57.08
666-10-02] ST-2 | PH2 105.7 | 26.1% | 83.8 j.0E-04 | 37 | 35 2 ML 0 46.81 | 53.18
666-10-02 | ST-2R | PHZ B 1167 | 268% | 920 | 93E-05 | 37 | 35 2 ML 0 46.81 | 53.19
666-13-04 | ST-3 } PH1 1264 | 16.7% | 108.3 | 4.0E-07 | 49 31 18 | ML [ 578 | 57.8% | 36.33
666-13-05 | ST-4 | PH1 12386 | 24.0% | 897 | 1.0E-05 | 43 | 32 11 ML | 822 | 6868 | 23.10
REWORKED SOIL LINER OCTOBER 5-2010
Proctor Measured in Place Compaction
FieldID | Tube | Acre | Lift MDD | OMC wD %M DD | %C | %R

CCLND 1] NA A2 L3 98.8 | 22.0% | 1222 | 262% | 96.8] 280 | 95

CCLND2 | NA A7 L3 988 | 22.0% | 1296 | 24.7% [103.9|105.2] 95

CCLND3 | NA A2 L3 988 | 22.0% | 1189 | 24.1% | 958|970 | 95

CCLND 4|1 NA A2 L3 988 | 22.0% | 1217 | 258% [ 9671979 95

CCINDS5 | NA A2 12 988 | 22.0% | 1207 | 234% |978[990| 95

CCLND B | NA A7 L2 98.8 | 22.0% | 126.1 24.6% |101.2]/1024] 95

CCLND7 | NA A2 12 98.8 | 22.0% | 1239 | 26.3% |5881 993 95

CCLND 8 | NA A2 L2 988 | 22.0% | 1216 | 23.3% |[986| 998 | 95

Notes:
5T = Shelby Tube
A = Acre designation
L = Lift designation
L 2B = Lift 2 backup sample
L28 = Lift 2 reworked and resampled
9A = Acre 8 berm consfruction
9B = Acre 9 sump and floor consircution
Moisture-Density Acceptance Zone defined to include most passing resulis.
%C = Percent Compaction
%R = Percent Required
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APPENDIX IX.D

CETCO Manufacturer Certification (MQA/MQC)
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Dater 9/30/2010
Purchase Ordec B7256
ORDER NUMBER. 000266492

Kennedy Garber/ Anp Gibson
Hallaton

Sparks, MD 21152
kgarber{hailaton.com ce. agibson{@hallaton com

To Whom it May Concem:

Please find enciosed the MQA/MQCU test data package for Geosynthetic Clay Liner shipments o
Hallaton.

The enclosed data package includes resuits of all the MQC fests required by ASTM D5889, with the excepiion of
index fiwvhydmulic conductivity. This lest, which is nm according to ASTM D5887, is normally performed once
per production lot (once per week), vnless a higher frequency is required by the project specifications. Because

of the GCL's low permeability, this test can take several weeks to complete. The index flinv/hydraulic conductivity
results associated with this lot of material wilt be provided under separate cover as soon as they are available.

Although the index fluwe/hydraulic conductivity test results are not yet available, CETCO accepts responsibility for our
GCL should the index flux/hydraulic conductivity tests produce unaceeptable results. 1f, vpon delivery and prier to
installation, individual rolls of GCL are foung o be nonconforming to accepted project specifications, CETCO will

replace the nonconforming material at no charge.

Questions regarding this information should be directed to Chris Athanassopoulos,
Technical Support Engineer, at {847) 851-1831.

Sincerely,
< j ?(‘?LZKL‘.&;‘:.. }.{%ﬁiﬂ,
Melanie King

Qualjty Assurance Coordinator
CETCO Cartersville Plant




GEQSYNTHETIC CLAY LINER

MANUFACTURING QUALITY ASSURANCE DATA PACKAGE

FROJECT. NAME: Hailaton
CUSTOMER P.O.: P7256
ORDER NUMBER: 000266492
PREPARED FOR: Hallalon

CONTENTS:

« Product Certifications

o GCL Order packing list and MQA tracking form
» GCL manufacturing quality control 1est data

+ Bentonite clay certification

» Raw material test results

PREPARED BY: Melanie King
Quatity Assurance Coordinator
CETCC

218 Industrial Park

Cartersvitle, GA 30121
Telephone: (770) 387-7773
E-Mail: melanie king@cetco.com




PRODUCT CERTIFICATIONS
PROJFECT NAME: Hallaton
CUSTOMER P.O.: P7256
ORDER NUMBERS: 000266452
PREFARED FOR: Hallaton

The GCL manufactured for the above-referenced order number(s} is certified to meet the values lisied in the tables below:

GCL PROPERTY SPECIFICATIONS FOR BENTOMAT ST

st Misthod 2+ 17 Teal Mcthod Propeety ) S a ./ TGR Freqnehey /oo o Certiiod Valpa: : 1. 2
ASTM D 5851 Bentonite Fluid Loss 1 per 50 Tons 18 ml Max

ASTM D 5993 Bentonite Mass/Area 140,000 sg f (4000 sqm) _ 0.751b feq fi Min

ASTM D 5860 Bentonite Swell Index I per 50 Tons 24 mli2g Min

IARTM D 6768:GCL Grab Swength 200,000 sq fit (20,000 sq m)30 Ibs/in MARV w
ASTM D 6243.GCL Bydrated Injemnsal Shear Strength Perodic . 509 psf typ @ 200 psf normal Jead
(ASTh I 5887.GCL Hydraulic Conductivity [Weekly i5.0E-9 emfs Max

ASTM I 5887:GCL Index Flux [Weekiy 1.0E-§ m3/m/s Max

[ASTM D 6496GCL Peel Strength 40,000 sq ft (4000 sg m) 3.5 IbsAin Min

Bealomite property fests are performed at = bentonite processing facility bafore shipment io CETCO's production facility.

Al tensile testing is in the machine direction vsing ASTM D 6768, All peel strength testing is ptriomed using
ASTM D 6496, Upon request tensite and peel results can be reported per modified ASTM D 4632 using 4 inch grips.

NEEDLE DETECTION AND REMOVAL PROCEDURE
CEICO hereby affirms that al} Bentomat® geosynthetic clay liner materia} manufactured for this praject is conticually

passed under 2 magnet for needle removal and then screened with a metal detection device. CETCO certifies Bentornat®
to be essentiatly free of broken needles and fragments of needles that would negatively effect the performance of the final preduct

Melanie King
Quality Assurance Coordinalor




GCL PACKING L1ST AND MQA TRACKING FORM

Listing of finished and raw materials used to produce certification package numbey 000266492

GCL . ' Geotextiles ) Clay

WOVEN  {CV-CG 56

CV-BENTOMAT 5T S NW-WHITE

Ordei _ JGCL Lot #1GCL Rell # [Lengih (Width (e
0266492 1200951CV 11167 _f133 15

2020552642

Cap Lot#. [Cap Roll 8 {Roll # Tested | Base Rell 7.

Clay. Lot #
2020502211 § 9370178

oozes292 [20i03CY | 3542 135 f1s 2 201023CV | 00002214 |
000266402 2000250V | 5924|135 {15

000266492 201032CY | 7106 111 15 2072 1665

201029CV | 00002857 | 00002857 -

80022205

2021105900 £ 975453A

-f2021090619
ooessnaozoz2Cy | 7338 juis (IS in4e 1770 “J201032CV | 00003349
f 1.

00003347 ] 2021090911 19754514

00026692 201038CY | 8713 1200 |15 13302 [3000 & 8712.. ] 201038CY | 06004108

00004104 [WEAOISEI5 131 9799918

Total Number of Rolis Certified: &




GCL MANUFACTURING QUALITY CONTROL TEST DATA
Thc followm g roll rolls in GCL certification packagc numbcr 000266492 have been tested in our production facilify lab.

] Prot {Tar % Tested ol # Teate Grah Strengih: [Pedl Stréngth 6495
_ ASTM TesMethod:  P5993 | D676 D6vs
B Required Vaiue:10.75 1b /sg fi Min 130 Ibsfin MARV | 3.5 Ibsfin Min
CV-BENTOMAT ST| 20025:CV | & 087 1 529 64
CV-BENTOMAT §T| 201023CV Tos 1 w3z | &1
‘CVBENTOMAT ST| 201029CV T IEETT T RS D
CV-BENTOMAT ST 201032CV 0.58 85 | 58 B
ICV.BENTOMAT ST[ 201032CV o881 M1 g 1332
ICV-BENTOMAT ST| 201038CY | 8712 - 085 1 658 | 14

BENTONITE CLAY CERTIFICATION

The Bentonite Clay used 10 produce package 000266452

has been tested by Amerlcan Co]]md Company and }'wlded 1he following test results.
Clay Lot 2 :

TASTM Tes Method. i D 3891
;’ Required Value: {12 Max 18 ml Mex
93T0ITE - +| 1050 i 27"00 1 sse
- '.95,3,16513.-.- { 9s0 § 2500
9712924 . | 1040 § 2600
TO7Sas3A - | B30 {3300
T TgrsastA | 1030 ] 3300

[ 59991 - | 875 @ 3400




GEOTEXTILE TEST RESULTS FROM MATERIAL SUPPLIERS

The GCL in certification package number 000266492 was manufactured with geotextiles which were tested with the following results.

|BASE GEOTEXTILE

{COVER GEOTEXTILE

PPX §2TEX

§ 2020552642 |

Cenifitations from our suppliers arc o 5le at our preduction fecility.

2020502211 § 33 168.5 PPX 650
PPX 62TEX| 2010536953 § 33 1527 PPX 850 | 3021090619
PPX 52TEX| 2020584888 14 1652 | ICVNON-WOVEN, 00002205 |
PPX 82TEX | 2021050911 36 1611 CV-HON-WOVEN| 00003857
PPX B2TEX] 2021105%00 1 33 1713 HCV-NON-WOVEN | . 00003349
MATTEX |WEADI5835-131 35 180.3 CV-NON-WOVEN | 00064104 |

a:

An''or 'PT indi

supplier cartl

WETE

ilzble prior 10

50 Lesting was performed 2t a CETCO b,




APPENDIX IX.E

AGRU Manufacturer Certification (MQA/MQC)




microsplke liner

Hallaton Midshore i EF doc 12181

HDPE Easton, MD
&0 mif 154 rolls 80 HD microspike 164 left
METRIC DIMENSIONS

roll # width length  area 20 spoois Smm HD weid rod
‘tKyzs0z28 o8 7 CHEEY . 7S Haflaton MidShore ll  154tot 1 3006 7180232
(K)j23p22s .08 7 125 875 Hatiaton MidShore i 154tot 2 2995 7180232
(K)230230 08 7 126 875 Hallaton MidShore i 154tot 2 3004 7190232
(K)230231 08 7 125 875 Haflaton MidShore i 164tot 4 3006 7180232
(K)230232 o8 7 126 875 Hallaton MidShore i 154tot & 3002 7190232
(K)230233 09 7 125 875 Hallaton MidShore I 18dtet 6 2008 7180232
(K)230234 09 7 125 875 Hallaton MidShore I 154tot 7 3012 7180232
(K)jza0235 08 7 125 675 Hallaton MidShore I 164tot 8 3020 7180232
(K)230236 .09 7 125 875 Hallaton MidShore | 15410t 9 3088 7150232
(K)z30237 00 7 125 875 Hallaton MidShore Il 154tot 10 3027 7180232
(K)23023E .09 7 125 875 Haflaton MidShore Il j54to0t 11 3023 7180232
(K)230238 03 7 125 675 Haliaton MidShore Il 154t01 12 3026 7180232
(Ky2z30240 09 7 125 875 Hallaton MidShore I 640t 13 3018 7100232
(Kjz30241 09 7 125 - 875 Haliaton MidShors Il 154tot 14 3021 7180232
(K)230242 09 7 125 875 Hallaton MidShore Il 154tot 15 3023 7190232
(K)230343 08 7 125 875 Haltaton MidShore It 154tot 16 3020 7180232
(K)230344 09 7 i25 87 Haltaton MidShore Il 154tot 17 3008 7190232
(K)230345 08 7 26 875 Haliaton MidShore Il 164tot 18 3024 7180232
(K)230346 08 7 26 875 Haliaton MidShore Il 540t 189 3018 7180232
(K)230347 08 7 125 875 Halfaton MidShore I 1540t 20 1008 7100232
{(K)230348 03 7 125 875 Hallaton MidShore it 1540t 21 3008 7180232
{K)230348 .08 .7 . 425 878 Hallaton MidShore Il §54tot 22 3004 7180232
(Kj230350 .08 7 125 875 Hallaton MidShore Il 154t0t 23 3015 7190232
{(K)23036t 09 7 25 875 Haliaton MidShore I 1540t 24 3020 ~yta0zd0
(K)230352 .09 7 125 875 Hallaton MldShore |l 164t0t 25 3028 ‘ ﬁs’aé}a'
(K)230363 08 7 125 875 Hallaton MidShore I $54tot 26 3034 7190230
(Kyzauas4 09 7 125 875 Hallaton MidShore Il 454tot 27 3014 7180230
{K)230355 03 7 125 875 Hallaton MidShorell  154tot 28 3010 7190230
(K)230356 .09 7 125 875 Hallaton MidShore Il 156tot 29 2008 7180230
(K)230387 08 7 126 875 Hallaton MidShore | f54tot 30 2088 7190230 -
(K)230358 08 7 125 875 Hallaton MidShore Il 154tot 34 2890 7190230
(K)230360 09 7 125 875 Haltaton MidShore it t54tot 32 2683 7180230
{K)230360 .09 7 125 875 Haflaton MidShore it 154tot 33 2003 ‘7180230
(K)230384 09 7 126 BYS Hallaton MidShore Il 154tot 34 2081 7180230
{(K)230362 .08 7 125 875 HaMaton MidShore ll  154tot 35 3018 nédzso_'_
(K)230365 00 7 125 &rs Hallaton MidShore Il 1540t 36 3022 7i80230
(K)230364 08 7 125 875 Hallaton MidShore /I 184tet 37 3018 " 7190230
(K)230465 D3 7 125 895 Hallaton MidShore ll  154t0t 38 3018 7196230
(K)230456 .09 7 125 875 Hallaton MidShaore [l 1540t 38 3007 71902_39
(K)230467 .09 7 125 875 Hallaton MidShore 1 154tot 40 3022 7196230
(K)230468 03 7 125 BT Haliaton MidShore I 154tot 41 3023 - 7190230
(Ky23046% 08 7 125 875 Hallaton MidShore Il 154tot 42 3028 7100230

USEDATWHITE OAKLF [ (1ya30470 09 7 - 125 . 875 Hallaton MidShere Il __164tot ___43 3023 7180230

(Ky23047% 03 7 125 875 Halialon MidShore | 154tot 44 1043 | 7190230
(Ki230472 09 7 125 875 Halfaton MidShore I  154tot 45 3038 7190230
{K)y230473 .08 7 125 875 Hallaton MidShore It i54tot 46 3036 7180230
{K)230474 0% 7 125 ars Hallaton MidShore 4 54tot AT kligi] 7180230
(K)230475 08 7 126 875 Hallaton MidShore I 154tof 48 3005 7180230
(K)230476 0% 7 125 875 Hallaion #idShore 1l 154tot 49 2960 7190230
(K)z30477 08 7 126 875 Hallaton MidShore | t54tot 50 2047 7190230
(K)za0478 03 7 125 875 Hallaton MidShore | 54tof 51 2964 7180230
(K}230479 .09 1 125 B7S Hallaton MidShore 1f i54tot 52 2870 7199230
(K)230480 .08 7 i25 BYS Hailaton MidShore I} 154tot 53 3015 7190230
(K)z30481 08 7 125 875 Hatlaton MidShore It 154tot 54 3018 7190230
{K)230482 .09 7 125 875 Haflatost MidShore il 154tot 55 3038 7190230
{K)z30483 .09 7 125 875 Hatlaton KMidShore I} 154tot 56 3033 7190230
{K)230484 .09 7 125 875 Hatlaton MidShore ll 154tot 57 3034 7190230
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microspike liner

Hallaton Midshore i LF doc¢ 124181

PEBES

HDPE Easton, MD
60 mif 464 rolls 60 HD microspike 154 left J
METRIC DIMENSIONS
rell # width length  area 20 spools Smm HD weld rod
(K)z30485 03 7 126 815 Hallaton MidShore Il 164tot 58 3028 “repzsn
(Ky2abass 08 7 125 875 Hallaton MidShore | 154tot 59 3044 7180230,
(Kj230487 09 7 125 875 Hallaton MidShore ] 18dtot 80 3042 7180230
(K)230588 .08 7 125 875 Hallaton MidShore ll  154tot 61 3046 7100230 .
(Kiz3osee 48 7 125 875 Hallaton MidShore I 154tot 62 3044 7480280
{K)230590 08 7 125 875 Hallaton MidShore il 154tot 63 3038 7190230
{Kyzaosed 09 t7  AzsT Brs Hallston MidShore 8 164tot 64 3041 | 7180230
(K)z30592 08 7 125 B75 Haliaton MidShore B 154tot 65 3038 L 7190230
(K)23p563 08 7 125 875 Hallaton MidShore i 1B4tot B8 3038 7390230 -
{K)230504 08 7 126 875 Hallaton MidShore i 154tot 67 3039 7180230
{(K)230595 08 7 125 875 Hatiaton MidShore I 154tot 68 3041 7190230
{(Kj230596 08 7 125 675 Mallaton MidShore Il 154tot 68 3028 7196230
(K)z30607 08 7 125 875 Haflaton MidShore 1 1540t 70 3018 7180230
{K)230588 08 7 125 875 Haliston MidShore It 15dtet 71 3006 7190230 -
(K)230598 08 7 125 875 Hallaton MidSnore Il 15410t 72 2008 7190230
{Kj2a0500 08 7 125 675 Hallston MidShore Il 154tot 73 2994 7190230 -
(K)230501 08 7 125 875 Hallaton MidShore Il 16410t 74 3024 7190230
{K)230502 08 7 125 &5 Hallaton MidShore | 154tat 75 3020 7180230
(K)230503 08 7 125  B75 Hallaton MidShore il 154tot 76 3025 “7190230°
{K)230604 08 7 125 875 Hallaton MidShore I 158tot 77 3029 7190230, -
(K)2305065 09 7 125 875 Hallaton MidShore Il 154tot 78 3021 790230 - :
(K)j230508 09 7 125 875 Hallaton MidShore Il 154tot 79 3029 7180230,
(K)230507 03 7 125 875 Hallaton MidShore !l 15410t 80 3035 7180230,
(K)230508 .08 7 125 75 Hallaton MidShore Il 15410t Bf 2038 7180230 -
{(K)230609 .08 T 125 875 Hallaton MidShore Il 154tot B2 3025 7190228
(K)z306%0 08 7 125 875 Hallaton MidShore Il 154t0t 83 3033 7190228
(K)230611 08 7. 926 875 Haliaton MidShore Il 1540t 54 2032 7100228
(K)230612.08 7 125 875 Hallaton MidShore [l 15410t 85 3025 7100228
(K)230613 .08 7 125 475 Haliaton MidShore ll  154i0t 86 3026 7190228
(K)230614 08 7 125 75 Hallaton MidShore | 154tot 87 3023 7160228
(K)230615 08 7 125 875 Haltaton MidShore | 154tot 88 3023 7180228
(K)Z30616 ©8 7 126 875 Halfaton MidShore ] 154tot 89 3029 7180228
(K)za0s17 08 7 125 875 Halfaton MidShore il i54tot 80 3030 7190228
(K)230618 08 7 125 875 Hallaton MidShorell  154fot 91 3024 7190228
(K)230648 09 7 125 875 Hallaton MidShore Il 154tot 92 3000 7180228
(K)230820 D8 7 125 875 Hallaton MidShoreJi  t54tot 93 2088 7130228
{Ky230621 03 7 125  B75 Hallaton MidShore il 164tot 94 2964 7190229
Ha0622 88 7 125 BYS Hallaton MidShore Il 154tot 95 2870 7190228
{K)230623 08 T 125 875 Haliaton MidShore I 154tot 95 2071 7180229
(Kj250624 08 7 125 875 Haliaton MidShore | 154tot 97 2971 7180228 -
(K)230825 08 7 125 875 Hallaton MidShore Il 154tot 98 2680 7190228
{Kjz30626 08 7 125 B75 Habiaton MidShore i 154tot 98 3040 7190228
(Kjzaosar 08 7 125 &7 Hallaton MidShore 1l 154tot 400 3045 7190228
{K)230628 .08 7 125 875 Hallaton MidShore Hl 154tot 101 3055 7180229
(K)230828 08 7 25 &5 Hallaton MidShore 1l t5dtot 102 3060 7180229
(K)230830 08 7 125 875 Hallaton MidShore Il 15dfot 103 3080 7190229
{(K)2306731 .09 7 125 875 Hallaton MidShore il 154tot 104 3060 7_150229
(K)230732 .08 7 125 875 Hallaton MidShore §l 15410t 105 3055 719p229
(K)230733 .09 7 125 875 HaHaton MiaShore il 154tot 106 1060 7190229
{K)230734 .09 7 125 875 Hatlaton MidShere B 15410t 107 3660 7190229
(Kj230735 09 7 126 875 Hallaton MidShorell  154tot 108 3050 7190228
(Kj230736 .09 7 125 875 Hallaton Mig¢Shore [I 1540t 11} n45 7190229
(K)230737 .09 ri 125 875 Hallaton MidShore H 154tot i1e 3045 7190229
{K)230738 .08 7 125 875 Hallaton MidShore H 154tot 11% 3050 7100228
{K)23073% .08 7 125 875 Hallaton MidShore Il 154tot 112 3060 7190229
{(K}230740 08 7 125 &5 Hallalon MidShore B 154tet  113 3085 7180228
{(Ky230741 08 7 125  B75 Hallaton MidShore B 164tot 114 3050 - 7190228
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microspike liner
HDPE
80 mil

roli #

METRIC DIMENSIONS
width  length area

Hallaton Midshore ll LF doc 12181

Easton, MD

P&eas I

feft J

(K)230742 .08
(K)230743 09
(K)230744 .09
(K)230745 09
(K)230746 .09
{K)230747 .00
{K)230748 .09
{K)230749 .08
{K)230750 .09
{K)230751 .09
{K]230752 .02
(K)231102 .08
{K}231103_02

(K)231104 08 °

{K}231105 -0 -
{Kj231110 .08
Kyz31111 .09
(K)231112 .09
{K)231113 .08
{K)231114 .08
{K)231115 .08
{K)231116 .08
(K)231117 .09
{K)231118 .09
{K)231119 .09
(K)231120 .08
{K)231121 .09
(K)231122 .09
(K)231223 .08
(K)231224 08
{K}231235 .09
1K)231230 .08
(K)231231 .08
(K)z31232 09

- (K)231233 .09
{K)1231234 08
{K)231235 .09
{K)231236 .08
(K)231237 .09
(K)231238 D9

7 15 875
7 125 8I5
T 125 87E
7 125 875
7 125 875
7 i s
7 i 815
7 125 875
7 12 875
7 425 875
7 125 815
7 425 875
T 125 85
7 iz ers
77 125 a7s
7 35 815
7 2 875
7 125 875
7 425 875
7 125 875
T 425 875
7 125 87s
7 125 875
T 425 &S
7 425 88
7 5 ars
7 2% w75
7 425 815
7 135 a7s
7 125 85
7 125 &5
7 125 &ms
7 125 @&
7 125 &7
7 s &S
7 125 875
7 12 875
7 15 g5
1 25 875
7 15 875

154 rolis 60 HD microspike 154
20 spools Emm HD weld rod
Haflaton MidShore ll  154tot 115 3035 7190329 -
Hallaton MidShore Bl 154tot 116 3025 7190228
Hallaton MidShorell  154tot 117 3010 7190228
Hallaton MidShore il 154tot 118 3025 7180228
Hallaton MidShore [l 154tot 118 3030 7180228
Hallaton MidShore Hl 164tot 120 3035 7190228
Hallaton MidShore I 154tot 121 3045 7190228
Hallaton MidShore ll 184tot 122 3050 7190228
Hallaton MidShore Il 154tot 123 3055 7190228
Hallaton MidShore ll  154tot 124 3045 7190228
Hallaton MidShore I 154tot 126 3050 7190228
Hallaton MidShore il 154iot 126 3045 7180228
Hallaton MidShore I 164tot 127 3055 7190228
Hallaton MidShore Il 154tot 128 3060 7190228
Hallaton MidShore il 154tot 129 30560 7190228
Hallaton MidShore Il  154tot 130 3050 7190228
Hallaton MidShore . 154tot 131 3055 7190228
Hatlaton MidShorell  154tot 132 3045 7190228
Hallaton MidShorell  154tot 133 3045 7190228
Hatlaton MidShore il 154tot 134 2040 7180228
Hallaton MidShore Il 154tot 135 3016 abzzd
Hallaton MidShore I 154tot 136 3635 7190228
Hallaton MidShore 1l 154fot 137 3045 7190228
Hattaton MidShorell  154fot 138 3040 7190228
Halfaton MidShore Il 154fot 139 3050 7180231
Hallaton MidShore il  154fot 140 3055 7180234
Hallaton MidShore Il 154tot 41 3070 7180231
Hallaton MidShore §l 154tot 142 3065 7180231
Hallaton MidShore )l 154tot 143 3070 7199231
Hallaton MidShore Hl 154tot 144 3065 7180231
Hatlaton MidShore Il 154tot 145 3085 7190231
Hallaton MidShore ll  154tot 146 3060 7180231
Hallaton MidShore il 154tot 147 3055 7180231
Hallaton MidShore Il 154tot 148 7180231
Hallaton MidShore I 1564tot 148 7190231
Hallaton MidShoretl  154tot 150 7180231
Hallaton MidShore i 1564tot 151 3035 7190231
Hallaton MidShore i 154tot 152 3040 7180231
Hallaton MidShore )i 154tat 153 3045 7190231
Hallaton MidShorell  154tot 154 3050 7100231

Pagal




cgu::hig eontrol depT

_RrolL#  230470-09  tot# 7190230 __ Liner Type: MICROSPIKE™ HDPE
; 1.6 mm 60 mil
Measurement METRIC ENGLISH ' Thickness......... 125 m 4104 feet
ASTM D5094 MIN: 144 mm 57 mil Length.............. 700 -
(Modiﬁed) MAX: 165 mm 65 il Width............... . r 23.0 feet
; TEST
i : i AVE: 1.55 mm 61 mil
e T e o OIT(Standard) ASTH D3895_minutes 175 RESULTS
Specific Gravity Densi Jee
ASTM D792 ty _ 9 - 948 B
MFI ASTM D1238 ‘
COND. E Meit Flow Index 190°C /2160 ¢ g/10 min 21
GRADE K307
Carbon Black Contel‘ti Range %, 2144
ASTM D4218 o
Carbon Black Drspersron Category 10 In Cat 1
ASTM D5596 o
Tensile Strength i . .
ASTM D58693 Average Strength @ Yield 27 tmm kNim) 154 ppi 2,625 psi
ASTM DB38 (Modified)
( 2 inches / minute )
- ] _Average Strength @ Break - 34u N fkvm) 192 _Pf_i___,__m 3 190..,_pfi N
Elongation ASTM D8693
ASTM D838 (Modified) Average Elongation @ Yield % 21.48
{ 2 inches / minute )
Lo = 1.3" Yield
Lo=20"Break . MAverageElongation @Break % .88
Drmens;onal Stabrl:ty
ASTM D1204 (Mod,fed) Average Drmensronai change % -0.59
Tear Resistance
ASTM D- 1804 (Modrfed) N ,_AEF%Q?_T?_%[ Besrstance o 239.0 N o i 53735 lb_e_
Puncture Resrstance
Load . bs
__FTMS 101 Method 2065 (Modified) 4175 N 93 35‘? |
Puncture Resistance ' Load 61814 N 138.95 Ibs
ASTM D4833 (Modrf ed) - )
ESCR . -
Minimum Hrs w/o Failures 1500 hrs :
ASTM D1693 n CERTIFIED
Notched Constant TenSlie Load pass / fail @ 30% 200 hrs ONGOING

ASTM D5397

Customer: Hailaton, Inc.

gualily eerlificale

PO: P£885 Midshore Il Landfill

Destination Easton, MD

Quality Control Department

B0HDmic.FRM
REV 03
12023105




CoA Date: 02/19/2009

Certificate of Analysis

Shipped To: AGRU AMERICA:RAINS
MILEPOST SH317
RAINS SC 29589
USA

Recipient: PALMER
Fax:

CPC Delivery #: 87816172
PO #: 4960

Weight: 193900 LB

Ship Date: 02/18/2009
Package: BULK

Mode:  Hopper Car
Car#  CITX703383
Seal No: 263059

Product:
MARLEX POLYETHYLENE K307 BULK

Lot Number: 7180230

Property Test Method Value Unit
HLMI Flow Rate ASTM D1238 21.00 g/10mi
Density ASTM D1505 0.9380 gfem3

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP.
However, there is no warranty of any kind, either expressed or implied, applicable to its use, and the user assumes

all risk and liability in connection therewith.

Sy D

Troy Griffin
Quality Systems Coordinator

For CoA guestions contact Customer Service Representative af +1-832-813-4637

Page 1 of 1




APPENDIX IX.F

SKAPS Manufacturer Certification (MQA/MQC)




SKAPS Industries (Nonwoven Division)
335, Athena Drive

Athens, GA 30601 (U.S.A.)

Phone (706) 354-3700 Fax (706) 354-3737

SYRAYFER E-maili info@skaps.com

July 13, 2010

Hallaton, Inc.

1206 Sparks Road

Sparks, MD 21152

Ref : DuPont Hay Road Landfiil
PO :P7132

Dear Sir/Madam:

Sales Office:

Engineered Synthetic Product Inc.
Phone: (770)564-1857

Fax: (770)564-1818

This is to certify that SKAPS GE110 is a high quality needle-punched nonwoven geotextile made of
100% polypropylene staple fibers, randomly networked to form a high strength dimensionally stable
fabric. SKAPS GE110 resists ultraviolet deterforation, rotting, biological degradation. The fabric is
inert to commonly encountered soil chemicals. Polypropylene is stable within a pH range of 2 to 13.

SKAPS GE110 conforms to the property vaiues listed below:

M.A.R.V.
PROPERTY TEST METHOD UNITS Minimum Average Roll Value
Weight ASTM D 5261 oz/sy (g/m?) 10.00 (339)
Grab Tensile ASTM D 4632 {bs (kN) 230 (1.02)
Grab Elongation ASTM D 4632 % 50
Trapezoidaf Tear ASTM D 4533 Ibs {(kN) 95 (0.42)
Puncture Resistance ASTM D 4833 lbs (kN) 120 (0.53)
UV Resistance ASTM D 4355 %/hrs 70/500
Notes:

* At the time of manufacturing. Handiing may change these properties.

ANURAG SHAH
QUALITY CONTROL MANAGER

www.skaps.com

www.espgeosynthetics.com
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APPENDIX IX.G

TRI Geomembrane Conformance Test Results




TRI/ Environmental, inc.
A Texas Ressarch Infemabonal Company

August 8, 2008

August 21, 2009 Updating NCTL
Mail To: Bill To:
Mr. Doug Murphy <= Same

Geosyniec Consultants

email: dmurphy@geosyniec.com
Dear Mr. Murphy;

Thank you for consulting TRI/Environmental, Inc. (TRI) for your geosynthefics testing needs.
TR is pleased to submit this final report for laboratory testing.

Project: Midshore H
TRI Job Reference Number: E2330-88-05
Material{s} Tested: 1 Agru 60 mil Microspike HDPE Geomembrana(s)

Tesi(s) Requested: Thickness (ASTM D 5954)
Asperity Height (GRI GM 12)
Density (ASTM D 1505)
Carbon Content (ASTM [ 4218)
Carbon Dispersion (ASTM D 5598)
Tensile (ASTM D 638/GR| GM13)
Puncture Strength (ASTM D 4833)
Updating==> SP-NCTL Stress Crack Resistance {(ASTM D 5397, App)

If you have any questions or require any additional information, please call us at
1-800-880-8378.

Sincerely,

’\/]_/;/EJ_—

Dr. Mansukh Patel

Sr. Laboratory Coordinator
Geasynthetic Services Division
-www.GeosyntheticTesting.com

¢cc: Sam R. Allen, Vice President and Division Manager

page 1af3
GeosyntheticTesting.com
0053 Bee Caves Road f Austin, TX 78733/ 512 263 2101 fMax: 512 263 2558




TRE Environmental, Inc,
A Texas Research Inlemabonal Company

GEOMEMBRANE TEST RESULTS

TRI Glient: Geosyntec Consultants
Project: Midshore 1

Material: Agru 60 mil Microsplke HDPE Geomembrane
Sample ldentificatlon: 25047(,09
TRI Log #:; EZ330-88-05

STD. PROJ.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. SPEC.
1 2 3 4 5 & 7 8 8 10

Thickness (ASTM D §994) B0 avg

57 min avg
Thickness {mils} 80 51 63 63 85 62 g3 64 B2 61 62 2 8 of 10, 54 min

214 << min 51 min

Asperity Helght (GRI GM 12)
Asperity Height (miis) - Side A 34 32 34 30 28 31 30 32 33 33 32 2 10 min
Asperity Helght (miis) - Side B 2g 30 28 29 28 32 25 28 32 28 20 2 10 min
Density (ASTM D 1505}
Density {gfom3) o . 0844 0944 D944 0.000 0,840 min
Carben Black Content (AST# D 4218)
% Carbon Black 224 224 0.00 2- 3%
Carben Black Dispersion (ASTM D 6598}
Rating - 1st field view 1 i 1 i 1 9Catt, 2
Rating - 2nd field view 1 1 1 1 1 1Cat3
Tensile Proparties (ASTM D 638/GRE GM 13, 2 Ipm siraln rate, Type IV specimen )
M Yiekd Strength (ppl) 179 162 161 165 178 169 ] 126 min
D Yield Strength (ppi) 174 175 185 175 187 181 10 126 min
MD Break Strength (ppf) 263 197 236 183 226 212 18 60 min
TD Break Strength {ppi) 175 165 194 165 205 181 18 90 min
M Yield Elongation (%) 2% 21 21 21 21 21 0 12 min
TD Yield Elongation (%) 17 17 16 i7 17 17 0 12 min
M Break Elongation (%) 444 495 456 443 431 457 25 100 min
TD Break Elongation (%} 536 501 568 459 575 538 35 100 min
Pupcture Resistance (ASTM D 4833)
Puncture Strength (Ibs) 161 147 143 144 144 2 86 min

D Machine Direclion TD Transverse Direction

The festing is based upon sccepted indusiny practice a5 well 26 the test method fisted. Test results reporied herein do not apply
1o samples other than those tested. TRI neither accepts responsiility for nor makes claim as to the final use and purpose of the material.

TR1 observes and maintains ciient confidentiafity. TR Timils reproduction of this reporl, except in full, without prior approval of TRI

page2ofd
GeosyntheticTesting.com
9063 Bee Caves Road / Austin, TX 787337512 2563 2101 [ fax: 512 263 2558




TRI! Environimental, inc.
A Texas Ressarch Internafionz! Company

GEOMEMBRANE TEST RESULTS
TRI Client; Geosyntec Consultants
Project: Midshore I

Material: Agru 60 mil Microspike HDPE Geomembrane
Sample ldentification: 230470.09
TRl Log #: E2330-88-05

sTD. PROJ.
PARAMETER TEST REPLICATE NUMBER MEAN  DEV. SPEC,
1 2 3 4 3 6 7 8 9 i0
SP-NCTL Stress Crack Resistance (ASTM D 5387, App}
SURFACTANT: CO-630
EXPOSURE PERIOD: 400 hrs
DATE TEST STARTED: 4-Aug.09
TEST TEMPERATURE: 50C
Transverse direction vield siress: 2818 (psi) Mechanical Advantage 5
x 30% 845 (x0.30) Lever Weight 0.3 (Ibs)
x hinge thickness {in) _0.055 {80% of thickness) Grip Waight  0.08  (Ibs)
x speciman width  0.124 {0.124%)
toad 578  (ibs)
Applied load = {Load - Lever Weight + Grip WeightyMechanical Advantage = 141 s = | 506 tgrams
Repfcate No.: 1 2 3 4 5
No. Hours to Faiture: | 400 ] 400 | =400 | >400 | >dop | >400 400 min

The testing is based upon accepled industry prachice as well as the test method fisted. Test results reported herein do nol apply
io samples other than those lested. TR nefther accepts responsibifity for nor makes efaim as to the final use and purpose of the material.
TRI ohserves and maintains chient confidentiatity. TRI fmits reproduction of this report, except in full, without prior approval of TRIL

page 30f3
GeosyntheticTesting.com

9053 Bee Caves Road / Austin, TX 78733 /512 263 2101 / fax: 512 263 2558




APPENDIX IX.H

TRI Geotextile Conformance Test Results




TRI/ Environmental, Inc.
A Texas Research Inlemational Company

July 26, 2010

Mail To: Bili To:
Mr. Kennedy Garber <= Same
Hallaton, Inc

1206 Sparks Road
Sparks, MD 21152

email: kgarber@hallaton.com

Dear Mr. Garber:

Thank you for consulting TRIEnvironmental, Inc. (TRI) for your geosynthetics testing needs.
TRl is pleased to submit this final report for laboratory testing.

Project: . Dupont Hay Road Landfill

TRI Job Reference Number: E2343-37-02

Material(s) Tested: g Skaps GE110 Non Nonwoven Geotextile(s)
Test(s) Requested: Mass/Unit Area (ASTM D 5261)

Grab Tensile (ASTM D 4632)
Puncture Strength (ASTM D 4833)
Trapezoidal Tear (ASTM D 4533)

If you have any questions or require any additional information, please call us at
1-800-880-8378.

Sincerely,

Mol

Dr. Mansukh Patel

Sr. Laboratory Coordinator
Geosynthetic Services Division
www.GeosyntheticTesting.com

cc: Sam R. Allen, Vice President and Division Manager

page 1 of 10
GeosyntheticTesting.com
6063 Bee Caves Road [ Austin, TX 78733 7 512 263 2101 /fax 512 263 2558




TRI/ Environmental, inc.
A Texas Research Inlemsbonal Company

Waterial: Skaps GE110 Non Nonwoven Geotexiile

Sample identification:16050.051
TRi Log #: E2343-37-02

GEOTEXTILE TEST RESULTS
TRI Client: Hallaton, Inc

Project: Dupont Hay Road Landfill

5TD. PRO.L
PARAMETER TEST REPLICATE NUMBER MEAN DEV. SPEC.
1 2 3 4 5 & 7 8 9 10
Mass/Unit Area (ASTM D 5261)
5" diameter circle (grams) 4,89 467 457 496 474 470 487 538 466 445 4.80 0.28
Mass/Unit Area (0z/sq.yd) 11.37 f0.86 1083 11.54 11.03 10.83 11.56 1251 10.84 10.35 11.16 0.61 10 min
Grab Tensile Properties {ASTM D 4632)
#D - Tensile Strength {bs) 385 524 416 337 380 349 331 384 381 334 364 28 230 min
TD - Tensile Strength {Ibs) 383 322 313 337 418 416 342 340 382 354 362 38 230 min
MD - Elong. @ Max Load (%) 95 88 81 80 101t 89 81 g3 a9 85 20 8
TD - Elong. @ Max Ltoad (%) 112 114 124 103 118 113 115 130 118 108 116 8
Puncture Resistance {ASTM D 4833)
Puncture Strength (ibs) 178 155 128 173 168 138 141 162 161 175 156 15 120 min
148 142 156 164 153
Trapezoidal Tear (ASTM D 4533}
MD - Tear Strength (ibs) 132 187 123 151 150 128 132 137 179 148 144 17 85 min
T0 - Tear Strength (bs) 138 168 173 152 149 136 178 157 187 152 158 17 95 min
MD Machine Direction TP Transverse Direction NA Not Available

The testing Is based upon accepled ndustry practice as well as the test method fisied. Test results repored herein do not apply
to samples other than those tested. TRI nekther accepts responstblity for nor makes claim as {o the final use and purpose of the material.

TRI observes and maintains client confidentiaity. TR! limits reproduction of this report, except In full, withowt prior approval of TRI.

GeosynthetlcTesting.com

page 2 of 10

8063 Bee Caves Road / Austin, TX 78733 / 512 263 2101 / fax 512 263 2558




TRI/ Environmental, Inc.
A Texas Research Intemational Company

GEOTEXTILE TEST RESULTS
TRI Chient: Hallaton, Inc
Project: Dupont Hay Road Landfill

Material: Skaps GE110 Non Nonwoven Geotextile(s)

Sampie idenfification:16050.057
TRI Log #: E2343-37-02

8TD. PROJ.

PARAMETER TEST REPLICATE NUMBER MEAN DEV. SPEC.
1 2 3 4 5 [ 7 8 8 10
Mass/Unit Area (ASTM D 5261}
5" digmeter circle (grams) 485 481 451 483 456 457 473 471 485 455 4.68 0.13
Mass/Unit Area (oz/sq.yd) 11.28 1072 10.42 11.23 1081 1063 11.00 1096 11.28 10.58 10.88 0.31 10 min
Grab TensHe Properties (ASTM D 4632)
MD - Tensile Strength {Ibs) 381 387 370 356 378 21 327 331 386 388 366 22 230 min
TD - Tensile Strength (ibs) 438 348 406 386 374 418 387 326 434 429 382 3p 230 min
MD - Elong. @ Max Load (%) 97 a5 91 93 g7 as a7 a6 96 85 84 3
TD - Elong. @ Max_ Load (%) Toq27 132 121 116 111 18 121 18 121 121 121 8
Puncture Resistance (ASTM D 4833)
Puncture Strength (ibs) 182 188 161 177 207 189 177 471 457 175 171 21 120 min
169 167 139 124 169

Trapezoidal Tear (ASTM D 4533}
MD - Tear Strength {ibs) 137 110 120 137 163 156 165 181 14% 160 145 18 25 min
TD - Tear Strength (ibs) 190 183 150 200 174 167 2Y i60 152 151 174 22 95 min

WD Machine Direction

TD Transverse Direction

NA Noi Avallable

The iesting is based upon accepted industry practice as well as the test method lisied. Test results reported herein do not apply
to samples other than those fested. TRI neither accepts respensibility for nor makes ciaim a$ 1o the final use and purpose of the material.

TR! pbserves and maintains cfient confidentiality. TR! fimits reproduction of this report, except in fuli, without prior approval of TRI

page 3 of 10
GeosyntheticTesting.com
9053 Bee Caves Road / Austin, TX 78733 1 512 263 2101 / fax 512 283 2558




APPENDIX IX.I

Repair Area Photos










APPENDIX IX.J

Repair Area Survey
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THNALLE

CONSTRUCTION COMPANY ESTABLISHED 1

December 29, 2010

Mr. Jeff Bishop
McGill Associates

55 Broad Street
Asheville, NC 28801

Re: White Oak Landfill- Phase 3
Haywood County, NC
10 oz Geotextile Information
Application for Payment #11

Dear Mr. Bishop,

Attached are the hardcopies for the evaluation of the 10 0z/sy geotextile used in the repair of LP-4. The
evaluation was performed by Joyce Engineering on behalf of Thalle/Hallaton. The evaluation
demonstrates that the 10 oz/sy geotextile provides a factor of safety of 3.2, more than twice the minimum
required by McGill Associates. A copy of this evaluation was forwarded on 12/15/10 for your review and
comment. Since we have not received any comment, it is understood the evaluation is acceptable.

In addition to the evaluation of the 10 oz/sy geotextile, McGill Associates further requested confirmation
from Thalle/Hallaton on the warranty in relation to the repair. Attached is the letter from Hallaton
confirming their warranty is in no way affected by the repair or use of the 10 oz/sy geotextile. Let this
letter further confirm that Thalle Construction also certifies that the repair and use of the 10 oz/sy
geotextile in no way affects our contractual warranty and /or responsibilities under the contract.

In McGill Associates letter dated 9/16/10, Application for Payment #11(dated 5/25/10) was returned with
no action taken by McGill Associates due to LP-4. Application for Payment #11 is hereby enclosed and
re-submitted for immediate action by McGill Associates.

Sincerely,

% o

Christopher Haverstrom
Sr. Project Manager

CC: Mr. Stephen King, Haywood County
Mr.Mark Shumpert, Haywood County

900 NC Hwy 86 North, Hillshorough NC 27278 Phone: 919.241.1604 fFax: 919.245-1516
www.thalle.com



Waste Industry Experis

(Bl A5, 7S [ Joyce Engineering, Inc.
Y  WNEEY B 2211 West Meadowview Rd
== r 2 A W Suite 101
-v . “ Greensboro, NC 27407
ENGINEERING, INC fel: 336/323-0092

fax: 336/323-0093

www.JoyceEngineering.com

December 15,2010

Mr. Chris Haverstrom, P.E.
Thalle Construction Company
900 NC 86 North
Hillsborough, NC 27278

RE: Evaluation of 10 oz Geotextile Fabric Performance as Cushioning Material
White Oak Landfill, Phase 3 Expansion
Haywood County, North Carolina
JEI Project No. 801.0900.11, Task 01

Dear Chris:

Please find the attached evaluation of the suitability for the use of a 10 0z/sq yd non-woven
geotextile filter fabric.

Due to the relatively low waste height in the area where the fabric has been placed and
relatively small diameter of stone used in the drainage layer, this material will deliver a more than
adequate factor of safety against puncture with the loading given by McGill Associates.

I have enclosed an excerpt of our design reference that indicates that a 10 oz geotextile is not
a recommended application for puncture resistance. It is my opinion that in this instance, the
material will perform adequately for the following reasons:

L

The 10 oz fabric was only used in a relatively narrow strip within the cell, while the
prescribed 16 oz material was used in the majority of the landfill liner. I would agree
with the design reference that a 10 oz fabric is not suitable over a large area, but ina
repair situation it should be adequate.

The alternatives to leaving the material in place would be to re-excavate the entire
area and replace with a 16 oz fabric or an additional 10 oz on top of the installed
material. In my opinion, it would be very difficult to excavate and remove 100% of
the aggregate drainage layer on top of the liner or existing fabric to install a new
layer due to the current weather restrictions and possibility of affecting the
underlying HDPE liner. In this instance, there is no certainty the repair attempts will
provide any measureable increased protection to the liner and may, in fact, introduce
an opportunity for further damage due to exposure, construction methods or stone
infiltration under or between geotextile layers.



December 15, 2010
Page 2

If you have any questions or concerns regarding this evaluation, please feel free to contact
me at (336) — 323 - 0092.

Sincerely,
JOYCE ENGINEERING, INC,

E. Y

Evan Andrews, P.E.
Project Manager

Enclosures

P:\Haywood White Oak LF\Phase 3\CQA\Repair\thalle 10 oz eval letter.docx



Job; White Oak LendFil - Phase 3 Expansion

(LA A0 [

[ Job Number:  801.0900.11 Task 01 i

— -i— [ Galculated By: HMAK Date:_11/15/2010
Checked By: EEA Date: 12/15/2010

ENGINEERING, INC Subject: Puncture Resislance - Waste
Sheet: qof1

Determine meximum diameter stone by comparing allowable pressure to pressure exeried.

i
Use a 10 oz./sq yd geotextile for a geotextile cushion above the FML.
Use maximum height of waste of 73 feet and unit weight of landfill of 75 pef.

Find:
Determine an acceptable factor of safety (above 1.5) for given conditions to evaluate the performance of a 10 oz fabric

as & cushion layer.

Pallow = (I/(MF g x MF pp x MF 4 x FS cg x FS cpp)) X (50 + 0.00045 x (M/H? ))

MFs = od. factor for protusion shape (angular for worst case) =t 1.0
MFep = mod. factor for packing density (largest stone 2") = 0.5
MF, = mod. factor for soil arching = 0.25
FSer = pantial factor of safety for creep (worst case) = 1.0
FScpp = partial factor of safety for chemical/biological degradation = 15
M = mass per unit area of geotextile = 10 guryd*
339.1 p/m?
H = height of protrusion (maximum diameter stone) = 1.5 inches
0.0381 m
Pallow = 827.3 kPa
Preqd=Hw * pw
Hw = maximum height of waste = 73 feet
22,2504 melers
pw = unit weight of fandfil — 75 pef
11.8 im®
Preqgd = 262.2 kPa

]

Facfor of Safety = Pallow/Preqd

3.2
/ g

LRI,

6

Therefore, use of a 10 oz/sy geotextile produces an adequate factor of safety for liner puncture due the {t{ﬂ“#“f“
e

5,;%?::}«{%: 5
e Y
SN
WA
"l £ ANO S

Reference:

Koerner, R M. (2005) Dasigning with Geosynthetics, 5th Edition, Pearson Education, Inc., Pearson Prentice Hall, Upper Saddle River, NJ.






_ Sec. 5.6 Solid-Material (Landfill) Liners 547

Example 5,18
Obtain the required thickness of a smooth HDPE primary geomembrane beneath a 50m
high landfill containing solid waste of unit weight 12.5 kN/m?. The localized subsoil settle-
ment is estimated to result in a liner deformation angle of 20°. Drainage sand is above the

geomembrane and a geonet is below it.
Solution: The necessary information for solving the design equation is

(a) For out-of-plane tension testing, the yield-stress of HDPE (from Table 5.5¢) is con-
servatively estimated as 20,000 kPa.
(b) The mobilization distance for HDPE at 50 X 12.5 = 625 kPa (from Figure 5.10a) is

approximately 80 mm.
() The friction angle (from Table 5.7) for smooth HDPE against Ottawa sand (8y) is 18°.

(@) The friction angle for HDPE against a geonet (separate test results) (8,) is 10°.
(e) These values give the required geomembrane thickness:
- (625)(0.080)[tan 18 + tan 10]
(20,000)[cos 20 ~ (sin 20)(tan 10)]
253
17600
= 0.00143 m
t =143 mm

Thus the regulated values of 1.5 mm in the United States or 2.0 mm in compliance with
German. regulations would contro} in this situation. Furthermore, the regulated values
would be used since they also exceed the very high survivability value in Table 5.13 of

1.00 mm thickness.

5.6.7 Puncture Protection

There are many circumstances where geomembranes are placed on or beneath soils
containing relatively large-sized stones — for example, poorly prepared clay soil sub-
grades with stones protruding from the surface or resting on the surface, soil subgrades
over which geomembranes (particularly textured) have been dragged dislodging near-
surface stones, and all cases where gravel drainage layers aré placed above the
geomembrane. All of these situations, particularly the last (which is unavoidable since
it is a design situation), should use a protective geotextile to avoid puncturing of the
geomembrane. Note that if the soil subgrade is a CCL, a geotextile cannot be used and
the isolated stones must be physically removed. For the drainage layer case, which is
common to all landfills, a nonwoven needle-punched geotextile can provide excellent
puncture protection (recall Figure 5.8). However, the issue of required mass per unit
area of the geotextile becomes eritical.

In a series of papers, Wilson-Fahmy, Narejo and Koerner [76, 77, 78] have pre~
sented a design method that focuses on the protection of 1.5 mm thick HDFPE
geomembranes. The method uses the conventional factor of safety equation:

¥S = Pallow (5.32)
Preqd




548 Designing with Geomembranes  Chap.5
where
FS = factor of safety (against geomembrane puncture),
Preqa = required pressure due to the landfill contents (or surface impoundment),
and
Patlow = allowable pressure using different types of geotextiles and site-specific
conditions

Based on a large number of ASTM 5514 experiments, an empirical relationship for
Paliow has been obtained, as shown in equation (5.33). It requires the use of modifica.
tion factors and reduction factors as given in Table 5.18. Note that in Table 5.18-all MF
values =1.0 and all RF values =1.0.

M 1 1
Dallow = (50 + 0.00045 Hz)[MFs X MFpp X MF, ][RFCR X RFCBD]
(5.33)

where
Pallow = allowable pressure (kPa),
M = geotextile mass per unit area (g/m?),
H = protrusion height (m),

TABLEB.18 MODIFICATION FACTORS AND REDUCTION FACTORS FOR GEOMEMBRANE
PROTECTION DESIGN USING NONWOVEN NEEDLE-PUNCHED GEOTEXTILES

Modification Factors (all s 1.0)

MF, MFp ME,
Angular 10° Isolated 1.0 Hydrostatic 1.0
Subrounded 0.5 Dense, 38 mm 0.83 Geostatic, shallow 0.75
Rounded 0.25 Dense, 25 mm 0.67 Geostatic, mod. 030
Dense, 12 mm 0.50 Geostatic, deep 025

Reduction Factors (all = 1.0)

RFcr
Mass per Unit Area Protrusion Height (mm)

RFeap (gm/m?) 38 25 12

Mild leachate 1.1 Geomembrane alone N/R N/R NR
Moderate leachate 13 270 N/R N/R >13
Harsh leachate 1.5 550 N/R 1.5 13
1100 13 12 L
>1100 =12 =11 =10

Abbreviations: N/R = not recommended
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Sec. 5.6 Solid-Material (Landfill) Liners 549

1

MFg modification factor for protrusion shape,
MFpp = modification factor for packing density,
MF4 modification factor for arching in solids,
REcr = reduction factor for long-term creep, and

RF¢pp = reduction factor for long-term chemical/biological degradation.

I

The situation can be approached from a given mass per unit area geotextile to de-
termine the unknown FS value, or from an unknown mass per unit area geotextile and
a given FS value. Example 5,19 uses the latter approach.

Example 5.19
Given a coarse-gravel (subrounded with dsp = 38 mm) leachate collection layer to be placed
on a 1.5 mm HDPE geomembrane under a 50 m high landfill, what geotextile mass per unit
area is necessary for a ES value of 3.07 Assume that the solid waste weighs 12 kN/m®.

Solution: Use H = 25 mm = 0,025 m, which is an estimate since the gravel particles are
not isolated but are adjacent to one another, MFg = 0.5 for shape, MFpp = 0.83 for pack-
ing density, ME, = 0.25 for arching RF¢p = 1.5 for creep and REgpp = 1.3 for long-term
degradation Now calculate the value of Py, using equation (5.32):

FS = PallowPregd
30 = pguow(SO) (12)
Pallow = 1800 kN/m2

Calculate the required mass per unit area of the geotextile using equation (5.33):

M 1 1
= (50 + 000045
Eijn ( 0.00045 H2)[MF5 X MEpp X MFA]{FSCR bt FSCBD]

M 1 .
1i B + O
800 [50 000043 (0,025)2][0.5 X 0.83 X 0.25][1-5 X 13]
M = 436 g/m?; use 500 g/m?

The isolated value of 50 kPa in the above equation represents the puncture resistance of
the 1.5 mm HDPE geomembranes by itself. Other thicknesses of HDPE or other types of
geomembranes will give proportionately different values.

5.6.8 Runout and Anchor Trenches

The terminus of geomembranes is a short horizontal runout at the top of the slope (re-
call Figure 5.27), and then (usually) a short drop into an anchor trench (recall Figure
5.28). The anchor trench is backfilled with soil and suitably compacted. Concrete an-
chor trenches with full fixity to the liner should generally not be used since geomern-
brane pullout is probably more desirable than geomembrane failure, although both
should obviously be avoided.

The design method is explained and illustrated in Section 5.3.6 and will not be re-
peated here. Both analyses (runout alone and runout plus anchor trench) are applica-
ble, with the latter being the most common. Alternatively, a V-trench configuration is

also possible.






