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1.0 GENER-\L

1.1 SCOPE

This Quality .-\.ssur::mce .'.bnual (Q.-\...v1) addresses quality assurance for the installatioo or'
soil and geosynthetic materials used by the yfodel City Facility. O\v'TIcd by Chemical \Vasle
Yfanagement. Inc. (CW:v1) in their landfill. This manual is prepared J....'i the specific Quality
.-\ssurance Plan (QAP) developed for the R.'vfC-l project. Extreme carc and dctalld
documentation are required in the selection and installation of all soil rnatcnais and the
production and installation of the geosynthetic materials used in waste containment
applications.

This manual addresses quality assurance testing, observations. and documC'1tanon. In the
context of this manual, quality assurance refers to means and actions employed to assure
confOmllty of tbe lining system production and installation with the proJecr-specific Quality
Assurance Plan (QAP), contractual and regulatory requirements. Quality assurance is
provided by a party independent from production and installation. Quality control refers
only to tbose actions taken to ensure that materials and workmanship meet the requirements
of the plans and specifications. Quality control is provided by the manufacturers, suppliers.
contractor and installers of the various components ?f the lining system.

A project-specific QAP is required for each project in accordance with 40 CFR 264. Tois
project specific plan consists of the following:

1. This QAi\1.
7 Project-Specific Addenda to tbe above QAMs. (Project-specific addenda shall be UScG

to provide for additions, deletions, and changes necessary to the QA.v{(s) used for a
particular project.)

3. Project-Specific Plans, Specifications. and other specified documents.
4. Permits for RMU-1.

The scope of this QA..\1 applies to selecting. testing, handling and installation of soil
components and to manufacturing, shipment., handling, and installation of geosynthetics
components of the lining system. This plan should contain all of the elements necessary to

ensure that tbe project is constructed in accordance with design plans and specifications.

This QAM was developed consistent with EPA guidance including "Construction Quality
Assurance for Hazardous Waste Landfill Disposal Facilities," EPA/530-SW-86-031, October
1986, and regulations governing CQA requirements listed in 40 CFR 264 at the date of this
document.

1.2 PARTIES

The parties discussed in this section are associated with the ownership, design, supply,
manufacture, transportation, installation, and quality assurance of a lining system. The

CWM
QAM 1-1 November 1992



•

•

definitions. qualifications. and responsibilities of these parties are outlined in the follo\vlng
subsections. A. list of parties' names and addresses will be prepared during the pre
construction meeting.

1.2.1 Project Manager

1.2.1.1 Definitions

The Project Nlanager is the official project representative of the Model City Facility
(CWM): in this manuaL the term Project Manager shall apply equally to "Construction
Coordinator." i.e .. the individual responsible for coordinating construction and quality
assurance activities for the project.

1.2.1.2 Responsibilities

The Project Manager is responsible for all construction quality assurance activnies. The
Project \tlanager is responsible for the organization and implementation of the QA...v{ r'or
the project as outlined in Section 1.1 of this manual. Other responsibilities include approval
of earthwork contractOr. geosymhetic installer, quality assurance consultant and the quality
assurance laboratorv.

The Project Manager shall serve as communications coordinator for the project. initiating
the resolution, pre-construction, and construction meetings outlined in Section 1..3, As
communications coordinator, the Project Manager shall serve as a liaison betvleen all pmes
involved in the project to ensure that communications are maintained.

1.2.1.3 Qualifications

The selection of the Project Manager is the direct responsibility of CWM. Qualifications
for this position include familiarity with the following:

1. Sections of this QAM or other Applicable QAt\tfs.
2. General earthwork construction techniques.
3. General geosynthetic installation techniques.
4. All applicable regulatory requirements.
5. Company policies and procedures for project management.

1.2.2 Designer

1.2.2.1 DefinitWns

The Designer is the individual and/or firm responsible for the preparation of the design..
including plans and project-specific specifications for the lining system.
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1.2.2.2 Responsibilities

Tne Designer is responsible for performing the engineenng desIgn and preparing the
associated drawings and specifications for the lining system. The Designer is responsible for
approving all design and specification changes and making design clarificatlons necessitated
during construction of the lining system. Design changes will be approved in writing by the
deslgner(s). Design-related issues 'Nill be resolved through discussIOn directed by the ProJec:
y!;mager with the designer(s) responsible for the respective feature. Cpon the request or
the Project Yfanager, the Designer may attend the resolution and pre-construction meetings
outlined in Section 1.3 of this manual.

1.2.2.3 Qualifications

The Designer shall be a qualified engineer, cenified or licensed as required by regu];:H1on.
The Designer shall be familiar with the use of soils and/or geosynthetics including detailed
design methods and procedures. In addition. the Designer should be familiar v"ith
applicable regulatOry reqUIrements.

1.2.2.4 Submittals

The Designer shall submit the project design drav..rings, specifications and assocIated
engineering calculations repons to the Project Manager. The Designer shall also SUbrrllt
completed design clarification forms to the Project Manager in a timely marmer upor:
request. Other information may also be required by CW?vL

1.2.3 Geosynthetic Manufacturer

1.2.3.1 Definitions

The Manufacturer is the finn responsible for production of any of the various geosynthetic
liner system components outlined in this QA.t\1. In the case of a geocomposite. the
Manufacturer is the firm responsible for combining the components into the final producT.

1.2.3.2 Responsibilities

Each Manufacturer is responsible for the production of its geosynthetic product. In
addition, each Manufacturer is responsible for the condition of the geosynthetic until the
material is accepted by the Project Manager upon delivery. Each Manufacturer shall
produce a consistent product meeting the project specifications. Each Manufacturer shall
provide quality control documentation for its product as specified in this QAM.

1.2.3.3 Qualifications

Each Manufacturer shall:

1. Be pre-qualified and approved by CWM.
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Provide sufficient production C3.paclty and qUJlified personnel to meet the demand5 of
the project.

3. Have an internal quality control program for its product that meets the requireme:1ts
presented in this QAJ.vL

1.2.3"" Subminals

Pre-qualification: A Manufacturer shall meet the following requirements and submit the
following information to be considered for pre-qualification:

1. Corporate background and information.
J \bnufacruring Glpabilities:

a. Information on plant size. equipment. personneL number of shifts per day, :lnd
capacity per shift.

b. Daily production quantity available for CWM facilities.
c. A list of material properties including certified test results. to which are attached

geosynthetic samples.
d. A list of at least 15 completed landfill or surface impoundment facilities totalling a

minimum of 15,000,000 ft" (L500,000 rn:), for which the MJnufacrurer has
manufacmred a geosynthetic. For each facility, the following information sball be
provided:

(1) Name and purpose of facility, its location and date of installation.
(2) Name of owner, project manager, designer, fabricator (if any) and installer.
(3) Type of geosynthetic. surface area of geosyntbetic manufactUred.
(4) Available information on the performance of the lining system.

3. The Manufacturer's quality control manual, including a description of the quality conrrol
laboratory facilities.

4. The origin (supplier's name and production plant) and identification (brand name and
number) of resin used to manufactUre the product.

Pre-installation: Prior to the installation of any geosynthetic material. a ManufactUrer shall
submit to the Project Manager all quality control documentation required by the appropriate
section of this QAM. This documentation shall be reviewed and approved in writing by the
Geosynthetic Quality Assurance Consultant as outlined in Section 1.2.7 of this QA..1\1 before
installation can begin.

1.2.4 Earthwork Contractor

1.2.4.1 Definitions

The Earthwork Contractor is the firm responsible for the earthwork associated with site
preparation, excavation and subgrade preparation, and construction of the soil components
of the lining system.
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• The Superintendent is responsible for the Earthwork Contractor's odd crew. The
Superintendent shall represent the Contractor at all site meetings and shall be responsible
for acting as the Contractor's spokesman on the proJect.

1.2.-t.2 ResponsihiliIies

The Eanhwork Contractor is responsible for constructing soil componems or tne lining
systems in conformance to the project design and spec:fic:ltions to a condition suitable for
geomembrane placement. The Earthwork Contractor may also be responsible for [ocaung
and transporting the required eanh and granular matenals. concrete, piping, and other \\lork.
as outlined in the project specifications.

l.2A.J Qualifications

The Eanhwork Contractor shall be:

1. Pre-qualified and approved by CWYL
? Able to provide qualified personnel to meet the demands of the proJect.

At a minimum, the Eanhwork Contractor shall provide a Superintendent as descnbed
below.

The Superintendent must be qualified based on previously demonstrated experience.
management ability, and authority. The Superintendent, unless otherwise approved by the
Project Manager, sball have previously managed, at a minimum, two projects which entailed
tbe installation of at least 1,000,000 ft2 (100,000 m:!) of soil liner or final cover components.

1.2.4.4 Submittals

Pre-qualification: To be considered for pre-qualification, tbe Eanbwork Contractor sball
provide tbe following information to tbe Project Manager:

1. Company background and information.
2. Demonstration of bonding capability.
.J. List of outstanding contracts.
~. List of readily available equipment required to perform the work (i.e., scrapers, graders,

scarifiers, compactors, discing equipment, water trucks, and admixing equipment., if
required).

5. List of at least five comparable projects with tbe following information for each project:

a. Name of the facility, its location, date of installation.
b. Name of project manager or contact person for tbe installation.
c. Description and purpose of installation and definition of contractor's scope of work.

6. Other information required by CWM Project Management.
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Pre-installation: Prior to commencement of the earthwork actlvmes. the Earthwork
Contractor shall submit to the Project Manager:

1. Resume of the Superintendent to be assigned to this project. including the dates and
duration of employment.
Schedule of construction activities.

J. List of speCific equipment and personnel to be used on the project.

Instalbtion: During the installation. the Earthwork Contractor shall be responsible for the
submission of:

1. Qualiry comrol documentation recorded during installation .
., Subgrade sun'ace acceptance certificates for each area to be covered bv the lininQ:

system. signed by tbe Installer.

ComDletion: Cpon completion of the installation, the EJ.rth'.'iork Cofltrac~or shall 5i.lbm.H

a letter certifying completion of the work,

1.2.5 Geosynthetic Installer

1.2.5.1 Definitions

The Geosyntheric Installer is the firm responsible for installation of tbe geosymhetics
components of the lining system. The Installer may be affiliated 'Nith the \'1anufacru:-er.

The Superintendent is responsible for the Installer's field crew. The Superintenden: shall
represent the Installer at all site meetings and shall be responsible for acung as the
Installer's spokesman on the project,

The Master Seamer sball be the most experienced seamer of the Installer's field crew. The
Master Seamer shall provide direct supervision over less experienced seamers.

1.2.5.2 Responsibilities

The Installer shall be responsible for field handling, storing, deploying, seaming, temporary
restraining and all other aspects of the geosynthetics installation. The Installer may also be
responsible for transportation of these materials to the site and for anchor systems, if
required by the project specifications. The Installer shall be responsible for submittal of the
documentation listed in Section 1.2.5.4.

1.2.5.3 Qualifications

The Installer shall be pre-qualified and approved by CWM. The Installer shall be able to
provide qualified personnel to meet the demands of the project. At a minimum, the
Installer shall provide a Superintendent and a Master Seamer as described below.
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Tne Superintendent must be aualiE.ed based on previously demonstr.lted experience.

management abuity, and authority. T'1e Supe:imendem.. unless otberv.rise aDo roved bv ,be

Project :Ylanager, shill have previously managed, at a minimum. cwo in.s;:a.iI~tion pr;jeC"...s

which entailed the installation of at le3..St a tOtal of 1,000,000 ff (100,000 m:) of polyethylene

geomembr::me.

For geomembrane installation all pe~onnel performing seaming operations shall be

qualiE.ed by experience or by successfully passing seaming testS. These seam testS shall be

performed under similar site we3.ther conditions and using seaming methods adopted for ,his

project. The Master Seamer shall have experience seaming a minimum of 1,000,000 17

(100,000 m:) of polyethylene geamernbr3.D.e using the same type of se:lITling appararus to be

used at the site.

l.2.5A Suhmirtals

Pre·aualification: lODe cOI1.5idered for pre-qualifiwrion., the Installer shall

following information:

1. Corporate background and information.

2. Description of installation capabilities:

, .
SUDITll!

a. Information on equipment (numbers and types), and personnel (number or

Superintendents, number of cre'NS).

b. Average daily production anticipated.

c. Samples of field geomembrane seams and a list of IDJDlrnum values for

geomembrane seam properties.

oJ. A list of at least ten completed facilities, totalling a mlmmum of 10,000,000 fi

(1,000,000 m~ for which the Installer has installed geosynthetics. For eae!) installation,

the following information shall be provided:

a. Name and purpose of facility, its location, and date of installation.

b. Name of owner, project manager, designer, manufacturer, fabricator (if any), and

name of contact at the facility who can discuss the project .

c. Name and qualifications of the Superintendent(s) and Master Seamer of the

Installer's crew(s).
d. Type of geosynthetic, and surface area installed.

e. Type of seaming and type of seaming appararus used.

f. Duration of installation.
g. Available information on the performance of the lining system..

4. The Installer's quality control manual.

5. A copy of a letter of recommendation supplied by the geomembrane manufacmrer.
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P:-e-installation: Prior to commence:nent of the installation, the Installer must submit to tbe
Project Manager:

1. Resume of the Superintendent to be assigned to this project, including dates, duration
of e:nployment, and managerial experience as spec.ned in Section 1.2.5.3.
Resume of the yfaster Se:lmer to be assigned to this projec--, including dates, dura~:on

of employment, and square footage of lines seamed as specified in Section 1.2.5.3.
.J. A panel layout drawing showing the installation layout identifying field seams as well as

any variance or additional details which deviate from the engineering drawings. Tne
layout shall be adequate for use as a construction plan and shall include dimensions,
details, e!c.

4. Installation schedule.
A list of personnel performing field se:uning operations along with pertinent exper:ence
inforrnatiorL

6. All geosynthetic quality conrrol cenifiC3.tes as required by this QA.\f (unless submi~ed

--lireetlv til tl..e Prnier1" M'lT"lag"u. ",,, the Vanur;~~~'-e-\lll.l J -- W ... _J --- .. a...... ..... VJ u.J. ...... Q.\"'l..u...J., 1).

7. Certi.£ication that exrrudate to be used is comprised of the same resin type as the
geomembrane to be used.

This docu.mentation shall be reviewed and approved in \lITiring by the Geosynthetic Quali;.~'

Assurance Consultant, as outlined in Section 1.2.5 of this QA...\1, before installation of the
geosynthetic can begin..

Installation: During the installation, the Installer shall be responsible for the subrni:sic::l of:

1. Quality conrrol documentation recorded during installatiorL
2. Subgrade surface acceptance certificates for each area to be covered by the lining

system. signed by the Installer.

Completion: Upon completion of the installation, the Installer shall submit:

1. The warranty obtained from the ManufactUrer.
2. The installation warranty.

1.2.6 Soil Quality Assurance Consultant

1.2.6.1 Definitions

The Soil Quality Assurance Consultant (Soil QAC) is the firm responsible for observing and
documenting activities related to the quality assurance of the installation of the soil
components of the lining system. The Soil QAC is independent of Project Manager. Tne
Soil QAC and Geosynthetic QAC may be the same party.

In this QAM, the term Lead Soil Quality Assurance Monitor (LSM) refers to the engineer
who is personally in charge of the soil quality assurance work. In some cases, the duties of
the LSM descnbed below may be shared by two individuals: a Soil Quality Assurance
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• ybnaging Engineer (Soil QA.\1E) located at the headquarters of the Soil QAC, and a Soil
Quality ,\ssurance Resident Engineer located at the site. The personnel of the Soil QAC
also include Soil Quality Assurance y[onitors who are located at the site for construClion
observation and documentation.

1.2.6.2 Responsibilities

The Soil QAC is responsible for observing and documenting activities related to the quality
assurance of the construction of the soil components of the lining systems. The Soil Q.-\C
is responsible for the implementation of the project QALv[ prepared by the Projecr Ybnager.
The Soil QAC is also responsible for issuing a certification report. signed by a regjsrered
professional engineer. as ourlined in Section 2.6 of thjs QA.v£. Other duties of the Soil Q.-\C
shall include overseeing the soil laboratory testing.

The specific duries of the Soil QAC personnel are as follows:

1. The LSM:

a. Reviews all design drawings and spec:ficarions.
b. Develops, if necessary, a sire-specific addendum for quality assurance of sad

componems with the assistance of the Project Manager.
c. Administers the soil portions of rhe QAL\1, including assigning and managing all soil

quality assurance personnel, reviews all field reporu, and provides engj.neering review
of ail quality assurance related issues.

d. Reviews all changes to design drawings and specifications as issued by the Designei.
e. Acts as on-site (resident) representative of the Soil QAC.
f. Familiarizes ail Soil Quality Assurance Monitors with the site and the project QA..vL
g. Attends all quality assurance related meetings, including resolurion., pre-construction,

daily, weekly meetings.
h. Reviews the Eanhwork Contractor's personnel qualifications for conformance ',l,1th

those qualifications pre-approved for work on-site.
1. Manages the preparation of the soil documentation drawings.
J. Reviews tbe Soil Quality Assurance Monitor's daily repons, logs, and photographs.
k. Notes anyon-site activities tbat could result in damage to the installed soil

components.
1. Reporu to the Project Manager, and logs in tbe daily repon, any relevant

observations reponed by the Soil Quality Assurance Monitors.
m. Prepares his own daily repon.
n. Prepares a daily summary of the soil component quantities installed each day of

construction activity.
o. Prepares a summary of soil quality assurance activities at the end of each week of

tbe construction activity.
p. Oversees marking, packaging and shipping of all laboratory test samples.
q. Reviews the results of laboratory testing and makes appropriate recommendations.
r. Designates a Soil Quality Assurance Monitor to represent the LSM whenever he is

absent from tbe site while operations ongoing.
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s. Reports any unapproved deviations from the QA..\1 to the Project :'fanager.
t. Prepares tbe final certification report.

The Soil Quality Assurance Monitor:

a. \-[onitors. logs, photographs and/or documents all soil component installatIon
operanons. Photographs shall be taken routinely and in critlcal are:J.S ot the
installation sequence. These duties shall be assigned by the LSM.

b. Monitors following operations for all soil components:

(1) Material delivery.
(2) Unloading and on-site transport and stOrage.
(.3) Sampling and conformance testing.
(~) Deployment operations.
(5) Condition of the soil componentS as placed.
(6) Visual observation, by walkover, of the finished soil components.
(7) Sampling and beld testing of the finished soil components.
(8) Repair operations, if and when necessary.

c. Documents anyon-site activities that could re.suIt in damage to tbe constructed sf)il
components. Any problems noted shall be reported as soon as possible to the LS\L

Any differences of the Soil QAC's interpretation of the plans and specifications from tr.::
ContractOrs interpretation shall be properly and adequately assessed by tbe Soil QAC 1+

such assessment indicates any actual or suspected work deficiencies, the Soil QAC shall
inform the ContractOr, or the Contractors representative, of these deficiencies.

1.2.6.3 QruIlificaJions

The Soil QAC sball be pre-qualified and approved by CWM. The Soil QAC sball be
experienced in tbe preparation of quality assurance documentation including quality
assurance forms, reports, certifications, and manuals.

The Soil QAC shall have a representative, (LSM or QA...\1E) who has a B.S., M.S., or Ph.D.
degree in civil engineering or related fields and be registered as a Professional Engineer.
The LSM shall also comply with the experience requirements listed in the previous
paragraph. The LSM shall be specifically experienced in the installation of soil liners and
shall bave tbe necessary training and cenification by the Soil QAC in the duties of an LSM.

Soil Quality Assurance Monitors sball have specific training in construction quality assurance
of engineered soil structures. At a minimum., one of every four monitors shall have a
minimum of 1,000,000 ft2 (100,000 m2

) field experience in soil liner construction.
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1.2.604 Submittals

Pre-aualification: To be considered for pre-qualification. the Soil QAC shall provide ~ce

following infonnation in writing to the Project Manager.

1. Corporate background ::md inionnation:

a. General company Lnfonnation.
b. Proof of insurance.

(1) Professional liability.
(2) "Umbrella" coverage.
(3) Other coverages as required by statute and/or proposed cormactual agre~:ne:-;~.

Quality assurance clpabilities:

a. A summary of the fum's experience In quality assurance. specifiCJ.lly llualirv
assurance of soil componentS of the liner system.

b. A summary of quality assurance documentation and methods used by the bf"l:1.
including sample quality assurance forms, _reports, cenificJ.tions. and manu::.ls
prepared by the finn.

c. Resumes of key personnel.

Pre-construction: Prior to beginning work on a project, the Soil QAC shall. ill wntJr1£.

provide the Project Manager with the following:

1. Resumes of personnel to be involved in the project including LSM. and Soil Qual.i~

Assurance Monitors.
2. Qualifications engineer to be designated as the Soil QAME.
3. Proof of tbe required soil componentS quality assurance experience of all of the quality

assurance personnel.

1.2.7 Geosynthetic Quality Assurance Consultant

1.2.7.1 Definitions

The Geosyntbetic Quality Assurance Consultant (QAC) is a firm independent from tbe
Project Manager that is respon.sible for observing and documenting activities related to the
quality assurance of the production and installation of the geosynthetic system on behalf of
CWM. The Geosynthetic QAC and Soil QAC may be the same party.

In this QAM. tbe term Lead Geosynthetic Quality Assurance Monitor (LGM) sball be used
to designate the engineer (working for tbe Geosynthetic QAC) in cbarge of the geosyntberic
quality assurance work. In some cases tbe duties of tbe LGM described below may be
sbared by two individuals: a Geosyntbetic Quality Assurance Managing Engineer
(Geosyntbetic QAME) located at an office of tbe Geosyntbetic QAC, and a Geosyntberic
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•
Quality ;-\ssurance Resident Engineer located at the site. The personnel of the Geosymhetlc
QAC also include Geosynthetic Quality Assurance Ylonitors who are located at the site ~or

construction observation and documentation. Although not located at the sne. ~he

Geosynthetic Quality Assurance ~lanaging Engineer shall visit the site often enough to be
familiar with the project specifics.

1.2.7.2 Responsibilities

The Geosyuthetic QAC is responsible for observing and documenting activities related to
the quality assurance of the production and installation of the geosynthetic system. T'1e
Geosynthetic QAC is responsible for implementation of the project QAJ.\1 prepared by :he
Project \hnager. The Geosynthetic QAC is also responsible for issuing a final geosymhe:lc
certification report, signed by J. registered professional engineer. as outlined in Secrion 2J)

of this Q,-\.;.\1.

The specific duties of the Geosynthe:ic QAC personnel are as follows:

1. The LGM:

J.. Reviews all design drawings and specifications.
b. Reviews other site-specific documentatio~ including proposed layouts and

manufacturer's and installer's literature.
c. Develops a site-specific addendum for quality assurance of geosynthetics It[

necessary) with the assistance of the Project Manager.
d. Administers the geosynthetic ponions of tbe QA.1\tl, e.g., assigns and manages all

geosynthetic quality assurance personneL reviews all field repor....s, and pro'vides
engineering review of all quality assurance related issues.

e. Reviews all changes to design drawings and specifications as issued by the Designer.
f. Acts as the on-site (resident) representative of the Geosynthetic QAC.
g. Familiarizes all Geosyntbetic Quality Assurance Monitors with the site and the

project QAM.
h. Attends all quality assurance related meetings, e.g., resolution.. pre-construCtlon..

daily, weekly.
1. Reviews all Manufacturer and Installer cenifications and documentation and makes

appropriate recommendations.
J. Reviews the lnstaller's personnel qualifications for conformance with those

qualifications pre-approved for work on site.
k. Manages the preparation of the geosynthetic documentation drawing(s).
1. Reviews tbe calibration cenification of the on-site geosyntbetic testing equipment,

if applicable.
m. Reviews all Geosynthetic Quality Assurance Monitor's daily reports, logs and

photographs.
n. Notes any on site activities that could result in damage to the geosynthetics.
o. Reports to the Project Manager, and logs in the daily repon, any relevant

observations reponed by the Geosynthetic Quality Assurance Monitors.
p. Prepares his own daily repon.
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q. Prepares a daily summary of the quantities of geosynthetics installed ,hat day.

r. Prepares the weekly summary Ot' geosynthetic quality assurance activlties.

s. Oversees the marking, packaging and shipping of all laboratory test samples.

t. Reviews the results of laboratory testing and makes appropriate recommendatlons.

u. Designates a Geosynthetic Quality l-\ssurance Y{onitor to represe:l.t ,he LG \[

whenever he is absent from the site while operations are ongoing.

v. Reports any unapproved deviations from the QA.\1 to the Project \l:mager.

w. Prepares the final certification report.

The Geosynthetic Quality }~.ssurLlIlce ~{onitor:

a. \{orutors, logs, photographs and/or documents all geosynrhetic installation

operations. PhotOgraphs shall be taken routinely and in critical areas Ot" ihe

installation sequence. These duties shall be assigned by the LG;VL

b. \forutOrs the following operations for all geosynthetics:

(1) Material delivery.

(2) Unloading and on-site transport and storage.

(3) Sampling for confonnance testing.

(4) Deployment operations.

(5) Joining and/or seaming operations.

(6) Condition of panels as placed.

(7) Visual inspection by walkover.

(8) Repair operations.

c. :Yforutors and documents the geomembra.ne seaming operations, induding:

(1) Trial seams.
(2) Seam preparation.

(3) Seaming.
(4) Nondestructive seam testing.

(5) Sampling for destructive seam testing.

(6) Field tensiometer testing.

(7) Laboratory sample marking.

(8) Repair operations.

d. Documents anyon-site activities that could result in damage to the geosynthetics.

Any problems noted shall be reported as soon as possible to the LGM.

Any differences in the Geosynthetic QACs interpretation of the plans and specifications

from the Installer's interpretation shall be properly and adequately assessed by the

Geosynthetic QAC. If such assessment indicates any actual or suspected work deficiencies,

the Geosynthetic QAC shall inform the Installer, or the Installer's representative, of these

deficiencies.
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1.2.7.3 Qualifications

The Geosyntbetic QAC sball be pre-qualified by CWM. The Geosynthetic QAC sball be
experienced in quality assurance of geosynthetics with emphasis on polyetbylene
geomembranes. The Geosynthetic QAC shall be experienced in the preparation of quality
assurance documentation including: quality assurance forms. reports. certifications. and
manuals.

A representative of tbe geosynthetic QAC (LGM or QA1\1fE) who has a B.S .. YLS. or Ph.D.
degree in civil engineering or related fields and be registered as a Professional Engineer.
LGM shall comply with the experience requirements listed in the previous paragraph. Toe
LGY! shall be specifically experienced in the installation of geosynthetics and shall De
trained and certified by the Geosynthetic QAC in the duties of a LGM.

Geosynthetic Quality Assurance YfonitOrs shall be quality assurance personnel who have
been specifically trained in the quality assurance of geosynthetlcs. :·\t J. minimum. one or
every four monitOrs (or at least one monitOr per project) shall have a r:rtinimum of
1.000,000 ft: (100.000 m:) field experience in polyethylene geomembrane quality assurance.

1.2.7A Submittals

Pre-qualification: To be considered for pre-qualification. the Geosyntbetic QAC shall
provide, in ""Titing, tbe following information:

1. Corporate background and information.

a. General company information.

2. Quality assurance capabilities:

a. A summary of the firm's experience with geosyntbetics.
b. A summary of the firm's experience in quality assurance, including installation quality

assurance of geosyntbetics.
c. A summary of quality assurance documentation and methods used by the firm.

including sample quality assurance forms, reportS, certifications, and manuals
prepared by the firm.

d. Resumes of key personnel.

Pre-installation: Prior to beginning work on a project, the Geosynthetic QAC must provide
the Project Manager with the following information:

1. Resumes of personnel to be involved in the project including LGM, and Geosynthetic
Quality Assurance Monitors.

2. Proof of professional engineering registration for the engineer to be designated as the
Geosynthetic QAME.
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3. Proof of the required quality a.ssurance experience of all of the quality assurance
personnel with empha.sis on polyethylene geomembranes.

1.2.8 Construction Quality Assurance CQA Officer

1.2.8.1 Definitions

The Construction Quality Assurance (CQr\.) Officer will be selected by the Project \hnage:
trom the Soil or Geosynthetic Quality Assurance Consultant based on ~he personnei
resumes.

1.2.8.2 Responsibilities

The CQA Officer is that individual assigned the responsibility for all a.spects of CQ.-\ Plan
implementation. The CQA Officer \-ViII repon directly to the P,oject Yfanager.

1.2.8.3 Qualifications

The CQA Officer should possess adequate formal academic training with sufficient prac:ical.
technical, and managerial experience to successfully.oversee and implement Construcnon
Quality Assurance activities for hazardous waste land disposal facilities. The CQA Officer
should be expected to ensure that communication of all CQA-rel3.ted matters is conveyed
to and acted upon by the affected organizations.

1.2.804 Submittals

Pre-qualification: At the request of CWM for consideration in pre-qualification. tbe
Geosymhetic QAC and/or soil QAC shall provide, in writing, the fonowing information:

1. Corporate background and information.

a. General company information.

2. Quality assurance capabilities:

a. A summary of the firm's experience with soils and geosynthetics.
b. A summary of the firm's experience in quality assurance, including installation

quality assurance of soils and geosynthetics.
c. A summary of quality assurance documentation and methods used by the

finn, including sample quality assurance forms, reports, certifications, and
manuals prepared by the firm.

d. Resumes of key personnel.
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1..2.9 Soil Quality Assurance Laborarory

1.2.9.1 Definitions

The Soil Quality ,-\ssurance Laboratory (QAL) is a firm independent from the Earthwork
Contr::lctor or C\\i\-L The Soil QAL and Geosymhetic QAL may be the same parry.

1.2.9.2 Responsibilities

The Soil QAL is responsible for conducting the appropriate laboratory tests as directed by
the LSM. The test procedures shall be done in accordance with the test methods outlined
in this QAcyf and/or the project QAc'vL The Soil QAL shall be responsible for provIding
testS results 3.5 outlined in this QA..'v[ and the technical specifications.

1.2.9.3 Qualifications

The Soil QAL shall be approved by CW\i. The Soii QAL shall have properly maimamed
and regularly calibrated appropriate testing equipment. The Soil QAL shall also ensure that
laboratory soil testing is performed by personnel with experience and/or training in soil
testing fundamentals. The laboratory personnel shall_be familiar with American Society for
Testing and Materials (ASThf), American Association of State Highway and Transportation
Officials (AASHTO), the U.S. Army Corps of Engineers (COE) and other applicable test
standards. The Soil QAL shall be capable of providing test results within projec: deadlines
throughout the installation phase of the soil components.

The soil QAL shall submit to the Project Manager sample data a.nd 3.i'1alysis to be used
during the lab tests.

1.2.9.4 Submittals

The Soil QAL shall submit all test results within project deadlines to the LSM. Soil test
results shall be provided verbally to the LSM 3.5 soon as possible after test completion.
Written test results shall be in an easily readable format and include references to the
standard test methods used.

1.2.10 Geosynthetic Quality Assurance Laboratory

1.2.10.1 Definitions

The Geosyntbetic Quality Assurance Laboratory (QAL) is a finn., independent from the
Project Manager, Manufaeturer(s), and Installer, responsible for conducting tests on samples
of geosynthetics taken from the site. The Geosynthetic QAL and the Soil QAL may be tbe
same party.
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1.2.10.2 Responsibilities

The Geosynthetic QAL shall be responsible for conducting the appropriate laborator; tesLS
as direaed by the LGM. The test procedures shall be done in accordance with the tes:
methods outlined in this QA.i\1 and/or the project QAL\1. The Geosynthetic QAL shall be
responsible for providing test results as outlined in Section 1.2.9"+.

1.2.10.3 Qualifications

Tile Geosynthetic QAL shall have expe:ience in testing geosynthetics and be familiar witb
ASThL Federal Test Method Standard (FTMS), National Sanitation Foundation (NSF), and
other applicable test standards. The Geosynthetic QAL shall be capable of providing verbal
results of destructive seam tests \Vitbin 24 hours of receipt of test samples and shall maint2.i.n
that standard throughout the installation. Tne Geosynthetic QAL shall be approved 0;;
CW?vf.

1.2.10.4 Submittals

The Geosynthetic QAL shall submit all destructive seam test results to the LGM in wr:tte::l
form \Vithin 48 bours of receipt of test samples unless otherwise specified by the P:-ojec:
Manager. Geomembrane destructive test results shall typically be provided verbally to the
LGM within 24 hours of receipt of test samples. Wrinen test results shall be in an e3.Sily
readable format and include references to the standard test methods used.

1.3 COl\'{l\tf£JNIC\.TI0 N

To guarantee a high degree of quality during installation and assure a final product that
meets all project specifications, clear, open channels of communication are essential. This
section discusses appropriate lines of communication and describes all necessary meetings.

1.3.1 Lines of Communication

The typical lines of communication necessary during a project are illustrated in Exhibit I-I.
The CQA Officer designated as the LSM or LGM shall be capable of direct communication
with the Project Manager at all times. Access to CWM personnel is also available for issue
resolution if necessary.

1..3.2 Resolution Meeting

Following permit approval and the completion of the construction drawings and
specifications for the project, a resolution meeting will be held. The resolution meeting is
recommended to be held prior to bidding the construction work and include all parties then
involved, typically including the Project Manager, Designer, QAJ.\1E(s) LSM/LGM, and a
CWM representative.
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Tne purpose of t.bis meeting is to establish lines of communication, revie'N constructiondrawings and specJications for completeness and clarity, begin planning for coordination oftaSks, anticipate any problems which might cause difficulties and delays in construction, andcomplete the QAJ.Yf. All aspects of the design shall be reviewed during this meeting so thatclarification and/or design changes may be made before the construc:1on work is bid. Inaddition. the guidelines regarding quality assurance testing and proble~ resolution mill! beknown and accepted by all. In addition, design-related issues will be resolved tbrou£hdiscussion directed by the Project Manager with the designer(s) responsible for therespective fearure.

A recommended agenda for the resolution meeting is presented in Exhibit 1-2. Tne meetingshall be documented by a person designated at the begi..nning of the meeting, and minutesshall be transmitted to all parties.

1.J.J Pre-Construction Meeting

A pre-construction meeting shall be held at the site prior to beginning of the lining syste:::ninstallation. Typically, the meeting shall be attended by the Project \{anager, Designer,Earthwork Contractor, Geosynthetic Inst.aller, LSM/LGl'v'f, and a C\V?v{ representative.

Specific topics considered for this meeting include review of the project QAvl for anyproblems or additions. In addition, the responsibilities of each parry should be reviewed andunderstood clearly. A recommended agenda with specific topics for the pre-constructionmeeting is presented in Exhibit 1-3. The meeting shall be documented by a p,~~:ondesignated at the beginning of the meeting, and minutes shall be rransmined to all p<L.Lies.

An additional meeting, a prework conference, will be held at the request of the ProjectManager to funher define project CQA requirementS identified in the preconstructiormeeting.
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Exhibit 1-1

LINES OF COiVljVlUNICA.TION

PROJECT
yfANAGER

llssue ResolullOn)

:('''"-'ResOI~'io") -- -- -- _ : -- : _I CWMI I0"" Resch""""

. . , "--""',------

I
DESIG~ER

I
EARTHWORK
CONTRACTOR

Superintendent

GEOSYNTHETIC
INSTALLER

Superintendent

·,
,
,

, CQA Officer
· (LS~1 or LG\-l)
,

,

I·
Master Seamer

GEOSYNTHETIC
MANUFACTURER

SOILS
QAC

QAME

LSM

Soils Monitors

SOILS
QAL

GEOSY~THETIC

QAC
QAME

LG;'vl

Geosynthetic
Monitors

GEOSYNTHETIC
QAL

C.L:NES.OF C::!oA'" :......... A!l16 ;;z



Exhibit 1-2
RESOLl110N :YIEETING AGENDA

1. Introductions

.-\.- .-\ssign \linute Taker
B. Identify Parties

1.

.J.

-l..

Project 0.i(anager
Designer
Soil/Geosynthetic Quality :\ssurance Consultant
CWM Representative
Others

Tour Project Site

.J. Distribute and Review Docume:m

A Design and Construction Drav.ings
B. Specifications
C. Construction Quality Assurance Manuals
D. Permit Documents

4. Complete Quality Assurance Plan

A Project-specific Addendum to Quality Assurance Manual(s)
B. Project-specific Addendum to Specifications

5. Discuss Contract Administration and Construction Issues

6. Define Lines of Communication

7. Define Project Deliverables

8. Determine Time Schedule
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• Exhibit 1-3
PRE-CONSTRuCTION \1EETI:'JG .-\.GE:'-IDA

1. Introductions

A.. f\5sign ~finute Taker
B. Identify Panies

1. Project ~Lll1ager

') Designer
J. Surveyor
4 E::mhwork ContractOr
5. Geosynthetic Installer
6. Soil/Geosynthetic Quality A..ssurance Consultant
7. Soil/Geos;llltbetic Quality :\.ssurance LaboratOry
8. CWM Representative
9. Others

/ Tour Project Site

3. Distribute and Review Documents

A Design and Construction Drawings
B. Specifications
C. Geosynthetic Panel Layout
D. Project Quality Assurance Plan

4. Define Lines of Communication

A Lines of Communication
B. Reporting Methods
C. Distribution Methods
D. Progress Meetings
E. Procedures for Approving Design Clarifications a..ld Changes During Construction

5. Review Site Requirements

A Safety Rules
B. Site Rules
C. Work Schedule
D. Storage of Materials
E. Available Facilities
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Exhibit 1-3 Continued
PRE-CONSTRlICTION :YtEETlNG AGE='lDA

6. Discuss Construction Issues

A.. Scope of \Vork
B. Review Desiw

1. Construction Drawings
I Specifications
~. Geosvnthetic Panel Lavout

C. Construction Procedures

1. Proposed Construction Sequencing
/ Development of Soil Test Fill
.J. Location of Soil Stockpile :\reas
4. Location of Geosyntbetic StOrage Area
5. Equipment

D. Construction Schedule
E. Procedures for Preparing and Approvir.g Change Orders

• 7. Complete Construction Quality i\sSUIance Plan

A Soils
B. Geosvntbetics
C. Strucru.ral Systems (e.g., risers, piping, etc.)

8. Establisb Project Deliverables

A Responsibilities

1. Designer
2. Installer
3. Earthwork Contractor
4. Soil/Geosyntbetic Quality Assurance Consultant
5. Soil/Geosynthetic Quality AssUIance laboratOry
6. Project Manager

B. Distribution of Deliverables
C. Approval ProcedUIes
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1.3A Progress .\-feetings

A weekly progress meeting shall be beld between the LSM/LGM. Conaactol'sjInstalle;'s
Superintendent, Project Manager, and any other concerned pa.r.ies. Tnis meeting sba.!.l
disCU5S current progress, planned activities for the next week.. issues requiring resolutioQ 2.l:d
any new business or revisions to the work. The first progress meeting shall be beld pr:or
to the stan of work and follow the agenda of the pre-work cOnIe,ence requireme::m of :be
specificntion. Tile LSM/LGM shall log any problems, de~...sions. or questions arising at tills
meeting in his weekly report. If any maner remains unresolved at tbe end of this meerinz,
the Project Manager shall be responsible for the resolution of the matte, and :b-e
communication of the decision to the appropriate parties. Additional meetings can be cailed
by any of the parties at any time such that it is the responsibility of the LS0.-ULGM :0

request a meeting if problems arise mthoU! resolution.

On-site NYSDEC personnel will be invited to weekly meetings for purposes of s:a:rtI:g
informed on current construction details. Schedules for such mee:ings will be dist:-ioll:::c
to NYSDEC prior to constrUction.

1.3.5 Tnining Program

The soil and geosymhetic CQA ConsultantS will provide a aammg program to CQ.-\
personnel and may be observed by on-site ~'YSDEC engineers. This aJining program will
consist of weekly meetings to highlight permit requirementS and implementation of QA/QC
activities induding constrUction observations, documentation procedures, and d2.=.2
management. An outline of the training program will be primarily based on preparation oi
progress reports as found in Section 23 which includes those items found in repor:i~g

requirementS and changes or additions to details. Also, the soil and geosymbetic CQ.-\.
consultantS will provide checklists that will serve as guidelines for the CQA inspectors to
successfully complete inspection.
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2.0 DOCUME~lATION

.-\n effective QA.'v{ depends largely on identific:ltion of all construction activities that shall
be monitored. and on assigning responsibilities for the monitoring of each activity. This is
most effectively accomplished and verified by the documentation of quality assurance
activities. The Soil/Geosymhetic QAC shaJi document that all requirements in the tilling
portions of the project QA.-'vI have been addressed and satisfied.

The Soil/Geosyntbetic QAC shall provide the Project Manager with signed descriptive
remarks. data sheets, and checklists to verify that all monitoring activities have been cJ.med
out. The Soil/Geosynthetic QAC shall also maintain at the job site a complete file of all
documents which comprise the Q:\...'vl. including: plans and specifications. this QA.'vL
checklists, test procedures. daily logs. and Other pertinent documents.

All testing of soils and geosynthetic shall be done in accordance Vvlth the current version of
the AST?v1 number stated in this manual.

2.1 DAILY REPORTS

2.1.1 Soils Reports

Each Soil Quality Assurance Monitor shall complete a daily report and/or logs on
prescribed fo nus, outlining monitoring activities for that day. The report at a minimum
shall consist of field notes, observations and test data sheets, and construction problems ar.d
solution data sheets. A summary of all supporting data sheets along with final testing results
and LSM's approval of the work shall be required upon completion of constnlctioll.

The Project Manager shall be made aware of any significant recurring non-conformance with
the project specifications. The Project Manager shall then determine their cause and
recommend appropriate changes. Wben this type of evaluation is made, the results must
be documented, and any revision to procedures or specifications shall be approved by the
Owner and Designer.

2.1.2 Geosynthetic Reports

Each Geosynthetic Quality Assurance Monitor shall complete a daily report and/or logs on
prescribed forms, outlining monitoring activities for that day. The precise areas, panel
numbers, seams completed and approved, and measures taken to protect unfinished areas
overnight shall be identified. Location of failed seams or other panel areas requiring
remedial action shall be identified with regard to nature of action, required repair, and
precise location. Repairs completed must also be identified. Any problems or concerns
with regard to operations on site should also be noted. This report must be completed at
the end of each monitor's shift, prior to leaving the site, and submitted to the
Soils/Geosynthetic QAC.
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The Geosymhetic Installer will provide the CQA Officer with daily reports outlining:

• 1. Total amount of geomembrane deployed and location according to the
drawing.
Total amount and location of seams completed. searner. and units used.

.J. Changes to the panel layout drawing.

panel lavout

The LGM will provide to the CQA Officer v..ith daily reports outlining, at a minimum:

1. Results of test seams completed.
J Indicate location on panel layout drawings and results of non-destructive/destrucllve

testing.
.J. Indicate location and results of repairs.

The LSM/LGM shall review the daily reportS submitted by the Quality Assurance \-ronitors.
and incorporate a summary of their reports into the QAE's daily report. Any matters
requLring action by the Project ~1anager shall be identified. The report shall mclude a
sUDUTIary of the quantities of all material installed that day. This report must be completed
daily, summarizing the previous day's activities, and a copy submitted to the Projecr
Manager at the beginning of the work day following.the report date.

2.2 TEST REPORTS

2.2.1 Soils Field Testing Reports

Records of field and laboratory testing performed on the soil components of the landfill
shall be collated by the Soil QAC. A summary list of test results shall be prepared by the
Soil QAC on an ongoing basis, and submitted with the weekly progress reportS.

2.2.2 Geosynthetic Destructive Testing Reports

The destructive test reports from all sources shall be collated by the Geosynthetic QAC.
This includes field tests, Installer's laboratory tests (if performed), and Geosynthetic QAL
tests. A summary list of test samples' pass/fail results shall be prepared by the Geosynthetic
QAC on an ongoing basis, and submitted with the weekly progress reportS.

2.3 PROGRESS REPORTS

Progress reports shall be prepared by the LSM/LGM and submitted to the Project Manager.
These reports shall be submitted every week, starting the first Friday of soil placement or
geosynthetics deployment on site. This repon shall include: an overview of progress to date;
an outline of any changes made to the plans, drawings, or specifications. The report shall
also include any problems or deficiencies in installation at the site, an outline of any action
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taken to remedy the situation, a summary of weather conditions, and a brief description ofactivities lUlticipared fur the next reporting period. All daily reports for the period should beappended to each progress report.

2.3.1 Reportilll Reqalremcatl

Submit the following tQ the Projoct Manager for submittal to the NYSDEC:
Borrow Area(s) Report(s)

Geomembrane Material Properties Report and Quality Control Certificates
Geotexti1e Coofonntnee Testing Results Report

OeonetlGeocomposite Properties Report

GeonetlGt>ocomposite Conformance Testing Results Report

Geosynthetic Clay Liner (GeL) Properties Report and Coofonnance Test Results
Goomembrane Installer Qualifications

Certifying Engineers Personnel tnfonnatlon

Inspection ofExposed Surface Following &cavation Report
WeeJdy Reports on Construction. including inspection of all installation practices and.quality assurance and quality coutrol monitoring inclading:

• Clay placement andcompaetion.

• Prepared surface inspoction (including proofrolling) and acceptance.
• Flexible membrano liner.

• Flexible membrane liner installation and seam testing.

• Oeotextile instaUation.

• GeonetfGooc:ompositc installation.

• Goosynthetic Clay Lin« (OCL) installation.

• P1acw:lent and compaction ofgranular drainage layers.

• Leachate pipe instaUation.

• Concrete sump, side wall piping, and pump installation.

• Double conWnmeot leach. transmission pipe installation.CWM
QAM

.P:CMHJ,(U.\ hnIIt Nod\WIJ01Q.cIoc 2-3
R.cviscd: SDP"'I~ 2001

l!v1odified: 07/09 ]



• Miscellaneous instJllation.

• Documentation drawings and summary report.

• Certification of construction before operation.

:'--iote: Weekly construction reports will be submitted bv the Project :Vla.nager to the
~YSDECs Central and Region 9 office.

2.3.2 Changes or Additions to Details

For all changes and/or additions to details the Project Ylanager shJlI:

Obtain verbal approval of NYSDEC representatives.
Repon changes or additions in reportS.
Obtain written agreement from tbe Designer.
Detail changes or additions in documenration drawings.

Failure in any of above may be basis for qualification of approval by the Commissioner.

2.3.3 Punchlist Completion

A punchlist for soils and geosynthetics sball be prepared by the LSM/LGM and submitted
to tbe Project Manager for items to be completed prior to liner placement. LSM/LGM IS

responsible for distribution to CQA Monitors and completion of punchlists.

2.4 DOCUMENTATION DRAWINGS

2.4.1 Soils Drawings

Documentation drawings shall be prepared by the Soil QAC. The documentation drawings
shall include, at a minimum, the following information for soils:

1. Measured grade of the prepared subgrade.
2. Measured grade of the clay liner and other soil components.
3. Measured dimensions of any excavation within the subgrade and also within the soil

liner.
4. Locations of all field tests and those samples obtained for laboratory testing.
5. Locations of all repairs performed on soil components.
6. Location of grade changes relative to site survey grid.

If necessary, for the purpose of clarity in the drawings, separate sheets shall be used to
illustrate the locations of test sampling points. The applicable drawings shall be shown in
both plan and in cross section views. All surveying for documentation information shall be
performed by a qualified land surveyor.
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2.4.2 Geosyutbedc Dnwinga

Documentation drawings shall be prepared by the Geosynthetic QAC. The documentationdrawings sbaU include, at a minimum, the following information for geomembranes:
1. Dimeosions of all geomembrane field panels.
2. Location. as accurate as possible, of each panel relative to the site survey grid (furnished bythe Project Manager).
3. Identification ofall seams and panels with appropriate numhers or identification codes.4. Location ofall patches and repairs.
5. Location ofall destructive testing samples.

The documentation drawings shaD illustrate each layer of geomembrane and, if necessary,another drawing shall identify problems or unusual conditions of the C,cL, geotextiJe or:geonetlgeocomposite layers. In addition, applicable cross sectionS sball show layouts of GeL,geonetsI~mposites,geotextiles, or geogrids in sump areas or any other areas which areunusual or differ from the design drawings. All surveying for documentation information shall beperformed by a qualified Iaod surveyor.

2.5 CERTIFICATION

Provide the following certification items:

1. Warrauty 00 Flexible M~rane Liner"

The Oeomembraoe Installer -sba.ll provide warranty certification to the LGM for inclusion inthe record documents. The warranty for material will be for a period no less than 10 years.
2. Oeomembrane Acceptance

The Geomembrane shall be~ by the OWNER when: i) the installation is finished; ii)all documentation of instaJJatioo is complded; and ill) verification of the adequacy of all fi~1dSC8lI1S and repeirs, and usociated testing is complote.

A passiDg test seam shall be an indicator of the adequacy of the seamin& unit aud seem«WClr'kiq UiId« prcvaiUDg site 'conditions, but oat necessarily an indicator of seam adequacy.A passiDg llODdestructive test of seams and repairs sbalI be taken to indicate the adequacy offield scams aDd repairs. If the laboratory tests of the field t8st seems fail, they shall be takenas an indicaror of the poasible ioadequacy of the ootire seamed length corresponding to thetest scam. Destructive test portioos shall then be· taken by the FML Installer at locationssuggmed by the CQA Engineer and the same laboratory test required of test seams shall bopcrfunned. Pusing tcsa shall be taken as an indicator
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of non-adequate seams and the seams represented by the destructive test location
shall be repaired. The repair shall be non-<iestructively tested and repaired, as
required, until adequacy of the seams is achieved.

. The geomembrane shall be accepted by the NYSDEC when: i) the installation is
finished; ii) the Engineer's acceptance and supporting documentation is submitted
to the NYSDEC by CWM and the NYSDEC notifies CWM in writing of itS
acceptance.

3. Certification of Construction

The QAJ.\1E(s) and CWM will submit to NYSDEC certification that the unit has
been constrUcted in accordance with the specifications and requirementS of the
issued permit, and is fully capable of operation in accordance with the specifications
and requirements of the permit.

2.6 Fli"(AL CERTIFICATION REPORT

Upon completion of the work, the QAC shall submit a final certification report to the
Project Manager. This report shall summarize the -activities of the project and document
all aspects of the quality assurance program. performed.

The final certification report shall include, at a minimum, the following information:

1. Parties and personnel involved with the project.
2. Scope of work.
3. Outline of project.
4. Quality assurance methods.
5. Test results (conformance, destructive and non-<iestrUctive, including laboratory testS).
6. NYSDECjCWM correspondence.
7. Design changes differing from original approved plans and specifications.

A recommended outline for the final certification report is given in Exhibit 2-1.

8. Certification, sealed and signed by a registered professional engineer.
9. Documentation drawings, ~aled and signed by a registered professional engineer.
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Exhibit 2-1
FINAL CONSTRUCTION QUALI1Y ASSURANCE CERTIFICATION REPORT

GENERAL OUfLINE

1. Introduction

A Purpose
B. Scope
C. Unit Description

2. Project Specifications

A Scope
B. Design Changes

3. Quality Assurance Plan

A Scope
B. Project-Specific Addenda

4. Quality Assurance Work Performed

A Weather Constraints
B. Pre-construction Testing
C. Conformance Testing
D. Visual MonitOring
E. Construction Testing
F. Nondestructive Testing
G. Destructive Testing
H. Repairs

5. Summary and Conclusions

6. Project Certification

7. Appendices

A Geosynthetic and/or Soils QAC Personnel
B. Contractor Personnel
C. Quality Assurance Plan (QAP) and Specification Modifications
D. Design Change Forms
E. Eanhwork Testing Records (if required)
F. Conformance Testing Records
G. Manufacturer Quality Control Records
H. Quality Assurance Reports
1. Subgrade Acceptance Certificates
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Exhibit 2-1 Continued
FINAL CONSTRUcnON QUALIlY ASSURANCE CERTIFICATION REPORT

GENERAL OlITLINE

J. Panel Placement Records
K Non-Destructive Seam Testing Records
L. Destructive Seam Testing Records
M. Repairs
N. Documentation Drawings
O. NYSDECjCWM Correspondence
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3.0 LINING SYSTEM ACCEPTANCE

• 3.1 SOIL COMPONENTS ACCEPTANCE

Upon written recommendation by the Soil QAC, the Project Manager shall consider
accepting the soil components of the lining system. The Earthwork Contractor will retain
all responsibility for the soil lining componentS until acceptance by CWM. At CWM's
discretion, the geosynthetic lining system may be accepted in sections or at points of
substantial completion. The conditions of acceptance are described below.

The soil components of the lining system wilt be accepted by CWM when:

1. The installation of the soil components is finished.
2. Verification of the adequacy of the constructed componentS, including repairs, if any. is

completed in accordance with the project specific QAM.
3. All documentation of installation is completed.
4. The Soil QAC is able to recommend acceptance.

The Soil QAC shall certify that installation of the soil components has proceeded in
accordance witb the project specific QAM except ~ noted by the Project Manager. This
certification shall be provided in the final certification report as outlined in Section 2.5.

•
3.2 GEOSYNTHETIC COMPONENTS ACCEPTANCE

Upon written recommendation by the Geosynthetic QAC, the Project Manager shall
consider accepting the geosyntberic componentS of the lining system. The conditions of
acceptance are described below. The Installer and Manufaeturer(s) will retain all ownershIp
and responsibility for the geosynthetics in the lining system until acceptance by CWy1.

The geosynthetic lining system will be accepted by CWM when:

1. The installation of the geosynthetic component of the lining system, or section the:-eof,
is finished.

2. Verification of the adequacy of all seams and repairs, induding associated testing, is
completed.

3. Geosynthetic Installer provides a warranty in accordance with Section 2.5 - Certification.
4. All documentation of installation is completed.
5. The Geosynthetic QAC is able to recommend acceptance.

The Geosynthetic QAC shall certify that installation has proceeded in accordance with the
geosynthetic portions of the project QAM except as noted to the Project Manager. This
certification shall be provided in the final certification report as outlined in Section 2.5.
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.J.G SOIL LINER MATERIAL

4.1 DESCRIPTION AND APPLICABILITY

Soil liner material generally consists of cohesive soils with low hydraulic conductivity used as barriers in
lining systems. Soils used in soil liners shall consist of clean, select material free of trash, excessive
coarse particles, or other deleterious matter. Soils proposed for liner construction shall be classified
according to the Unified Soil Classification System as CL or CH. Soils with organic content in excess of
specifications, or soils classified as organic silt or clay (OL, OR) shall not be used as soil liner materials.

4.2 PREQUALIFICAnON SOURCE TESTING

Prior to construction of a soil liner, tests to confirm the adequacy of soil liner materials shall be
performed on specimens procured from each source area. All material evaluation tests are to be
performed in a geotechnical laboratory, which may be the Soil QAL or another laboratory approved by
the Project Manager. The Earthwork Contractor shall submit to the Project Manager the results of
source evaluation tests. The following information will be forwarded to the NYSDEC for review and
approval prior to the installation of the soil liner.

1. Moisture Content (AS1M D2216).
2. Particle Size (AS1M Dl140, D422).
3. Atterberg Limits (AS1M D4318).
4. Laboratory Compaction (AS1M D1557 for Modified).
5. Laboratory Hydraulic Conductivity (AS1M D5084).
6. Unconsolidated Undrained Triaxial Test (AS1M D2850).

Perform conformance testing specified in Section 4.3 - Conformance Testing and Project Specifications.
Materials which do not meet minimum required properties shall be rejected.

If identification of additionailiner soil sources becomes necessary during the construction, the same
material qualification and testing procedures shall be applied to each new source.

The compaction method necessary to achieve the required hydraulic conductivity can be established by
defining the acceptable zone. The acceptable zone is the zone ofcompaction moisture dry unit weights
which achieve the hydraulic conductivity. Ifnecessary, another zone for the compacted strength can be
defined in a similar manner. The overlapping portion of these zones indicates moisture content and dry
density zone acceptable both for hydraulic conductivity and strength. Definition of the acceptable zone
can greatly simplify the field quality assurance work, and increases the confidence level in the quality of
the field compaction work as well as its overall acceptability.

A test fill will be constructed to establish a sequential logical approach for development of the placement
and compaction procedure to be used during construction to achieve the required
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performance standard. Samples of compacted liner soil obtained from the fill can be tested for
hydraulic conductivity to establish the acceptability of the liner soil and the construction techniques.
Appendix A contains a detailed test fill procedure.

The following placement and compaction procedures may be performed in areas of limited access
where the width of an area is less than twice the width of a Caterpillar 815B segmented wheel
compactor (or equivalent):

1) Place a loose lift ofclay to a depth of between 4 and 5 inches but not greater than the height of
the pads on the padfoot.

2) Compact this 4 to 5 inch loose lift with a minimum of 10 passes with the Ingersoll Rand
S0100F or the Caterpillar CP563 padfoot compactors (or equivalent).

3) Perform field testing in accordance with Section 4.6.1.

4) Compaction equipment must be equivalent to equipment used to construct the test fill.

4.3 CONFORMANCE TESTING

Conformance testing of the soil liner materials shall be performed to ensure the consistency of the
properties of the soil quality received from the borrow source. These tests are to be performed prior
to construction and after the completion ofany necessary conditioning of the liner soil Conditioning
may include gradation adjustments, addition of admix materials, or adjustments in the compaction
moisture content.

The following tests shall be performed:

1. Moisture Content (ASTM 02214,04643)
2. Particle Size (ASTM 01140, D422)
3. Atterberg Limits (ASTM 04318)
4. Laboratory Compaction (ASTM 01557 for Modified)
5. Laboratory Hydraulic Conductivity (ASTM 05084)
6. Unconsolidated Undrained Triaxial Testing (ASTM D2850)

The following tests should be performed on representative samples from each borrow source.
Samples shall be obtained at least 1,000 cubic yards in advance ofthe borrow source excavation at
the frequencies specified below for each test. The CQA Engineer must review the test results for
each area of the borrow source and grant hislher acceptance, or qualified acceptance, of each area
based upon test results and field observations, prior to commencing excavation of that area The
CQA Engineer's acceptance including test results and documented field observations shall be made
available to the NYSOEC for review, upon request.

•
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1. Organics Content

Frequency During Construction: Whenever organic materials are suspectecL based on visual
observation and cannot be removed (i.e.• roots can be removecL peat cannot).

Method: 1'267-86 of AASHTO (American Association of State Highway Transportation
Officials).

Pass Criteria: Less than 3.0 percent.

2. Particle Size Analysis (Except Hydrometer)

Frequency During Construction: Every 1.000 cubic yards on a sample taken about 1,000 cubic
yards in advance of the present excavation.

Method: ASTM D422.

•
CWM
QAM 4-2A Revised: DMB Appz e,;rlQ.-

~(., Iq b



•
Pass Criteria: Similar to material for which the most recent moisture density curve has be~n
developed.

3. Particle Size Analysis of Fmes by Hydrometer

Frequency During Construction: Every 5,000 cubic yards on a sample taken about
1,000 cubic yards in advance of the present excavation.

Method: ASThl 0422.

Pass Criteria: Similar to material for which the most recent moisture density curve has been
developed.

4. Moisture Content (Drying Oven and .Microwave)

Frequency During Construction: Every 1,000 cubic yards on one sample taken at the site
of p~ent excavation and another sample taken about 1,000 cubic yards in advance of the
present exC3.varion.

Method: ASIM D2216 - Drying Oven
ASTM 04643 - N.Gcrcwave

Pass Criteria: The ICU1ts of each test should be compared to the accept3.ble compaction
\iUdow to asstm: that the proper percent compaction and moisture contem are being a.o:ained.

• 5. Atterberg Limits (Liquid LImi4 Plastic I..Im.i4 and Plasticity Index of Soils)

Frequency During CoostIUction: Every 1,000 cubic yards on a sample taken about
1,000 cubic yards in advance of the present excavation.

Method: ASThl 04318.

Pass Criteria' Similar to material for which the most recent moiswre density curve has been
developed.

6. Modified Proctor Moisture Density Curve

Frequency During Construction: Every 5,000 cubic yards on a sample taken about
1,000 cubic yards in advance of the present excavation, or changes in materials. This
frequency may be c:xrended to once every 10,000 cubic yards, if a one point Proaor test is
determined after 5,000 cubic yards on a sample which is dried to a moisture content below
the Optimum Moisture Content.

•
Method: ASTh1 D1557.
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Note: The test sample shall be compacted to at least 90 percent Modified Proctor from 0 to 3
percent wet of optimum moisture content.•

7. ' Lab Hydraulic Conductivity (Remolded Sample)
, t

•

Frequency: One prior to test fill construction and one at each change in soil characteristics as
documented by ± 5-pound change in the maximum dry density of Proctor; based on a running
average of maximum dry densities of previous Proctor tests of same material.

Method: ASTM D5084.

8. Triaxial Tests (Remolded Samples)

Note: This test may be deleted by the Designer if the soil is being used where strength parameters
are not a concern,

Frequency During Construction: Every 5,000 cubic yards on a sample taken about 1,000 cubic
yards in advance of the present excavation and whenever the plasticity index changes. The
frequency of every 5,000 cubic yards may be extended by the CQA Engineer if the borrow source
has been detennined to be consistent during the initial construction of this unit.

Method: ASTM D2850.

Pass Criteria: Designer shall review results to detennine if the soil has sufficient strength for the
facility as designed to remain stable as indicated by two-dimensional stability analysis, for both
static and dynamic cases.

Material removed from the clay source will be excavated sequentially. The material encountered, which
testing has shown does not meet the specifications, will be stockpiled in the spoil area. Suitable material
will be placed in the stockpile area or used directly in the landfill.

The LSM shall examine all test results and report any non-conformance to the Project Manager. The
Project Manager shall accept or reject the soil based on this review and the requirements of the project
specifications.

Ifproposed soils fail to meet the specification requirements and cannot be economically obtained, then at
a minimum special quality control measures may be imposed, such as more frequent or additional tests.
Soil amendments or alternative materials may be proposed to the NYSDEC.
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4.~ SUBGRADE PREPARATION

The E:uthwork Contr.lCtOr sball be responsible for preparing the subgrade soil for liner

plac:ment. Upon completion of the subgrade preparation work. the Soil QAC sball inspect the

subgrade and prepare a Dotice of acccptanc: to be submitted to the Project Manager. In this

Dooce of acceptance, the Soil QAC shall. at a minimum:

I. Verify that a qualified land surveyor has verified all lines and grades.

2. Verify that a qualified engineer has verified that the subgnde soil meets the criteria in the

project specific:uions.

3. Determine the suitability of the subgnde for fill placement by:

a. Continuous visual inspection during proofrolling.

b. Pocket penetrometer test in suspected soil are:1S.

At any time during collStIUction of the liner, the Soil QAC sball indicate to the Project Manager

any locations which arc not adequate for the placement of the soil liner.. Such defects in the

subgrade soil shall be repaired by the E:uthwork Contr.lCtOr, at the di.rection of the Project

Manager, such that the properties of the repaired areas meet the project specifications.

4.5 CONSTRUCTION OBSERVATION AJ.'ID INSPECTION

Observation and inspection of the soil liner constrUction shall be coomjnared with the

constrUction testingd~ in Section 4.6.~ criteria for coIlStIUCtion work shall be

as identified in the project specificarions•

Soil QAC shall observe,~ and record the following during the constrUction of soil liners:

1. Wuu content and consistency of the soil during processing, placement, and compaction.

2. Type and level of compacrive effort:

a. Roller type.
b. Roller weight.
c. Number of passe3.

3. Action of compaction equipment on the soil suIface (shecpsfoot penetration, pumping,

crncking, etC.).

4. Maximum clod size.
S. Condition of any soil stockpile.

6. Loose and compacted lift thickness.
7. Method of tying together the lifts.

8. Dimensions of the compacted embankment.

9. Areas where damage due to excess moisture, insufficient moisture, or fre:zing may ha.ve

occurred.
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Upon completion of subgrade and the soil liner construction, the Soil QAC shall inspect the liner and
prepare a certificate of acceptance to be submitted to the Project Manager. The Soil QAC shall verify, at
a minimum, that:

1. A qualified land surveyor has verified all lines and grades on 50-foot grid pattern. Also, document
additional features such as undercuts and sumps.

2. A qualified engineer has verified that the liner soil meets the criteria in the project specifications.

4.6 CONSTRUCTION TESTING

All construction quality assurance testing shall be conducted in accordance with the project
specifications, or as directed by the Project Manager and as documented in the site specific addenda to
this manual. All field and laboratory tests shall be conducted on samples taken from the soil liner
materials during the course of the construction work. Construction quality testing shall consist of
laboratory and field testing as described in Sections 4.6.1 and 4.6.2. Testing and sampling procedures
shall be observed and documented by the Soil QAC. Documentation and reporting of test results shall be
in accordance with the requirements identified in Section 2 of this manual.

4.6.1 Field Testing

The Soil QAC shall perform the following field tests on each lift of the compacted soil:

4.6.1.1 Soil Compaction and Moisture Content

Note: The calibration ofeach nuclear densitometer shall be checked when standard counts on instrument
indicate or when daily moisture varies by 3%, by comparison to density measured on the same material by
ASTM 01556,02167, or D2937. Zone ofTroxler moisture content ofeach instrument shall be checked
daily by ASTM 02216.

Frequency During Construction: 9 per acre per lift but no fewer than 1 per 300 cubic yards in long thin
areas and no fewer than one per lift.

Location of probe: Shall be located at bottom of the upper lift or slightly lower.

Method: Nuclear densitometer per ASTM D2922 and ASTM D3017.

Pass Criteria: The results ofeach test should be compared to the most recent-moisture density curve
above (refer to Appendix C), to assure that the proper percent compaction is being attained.
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4.6.1.2 Lab H\'drauiic (·umJllI.:til'in'

Frequency During Construction: One per acre per lift. but no fewcr than one per 800 cubic yards in
long thin areas.

Method: ASTM 05084

Note: Utilize a small hydraulic jack between the shelby tube and an equipment bucket or blade to
push tube into the soil liner (straight. not at an angle) no more than 2 inches past the first lift
interface. unless othen\ise directed by Soil CQA. An equivalent method to jacking may be employed
if samples are not over consolidated. Damage tube shall not qualify as lab samples. Sample shall
be recovered from density tcst location between probe and source.

Pass Criteria: j x 10. 7 em/sec or iess.

Identiiieauon leSt on tuhes sk.dl include moisture content. dry density. wet lknsity. rJ.rllck size. and
Atterberg limits: at a frequency of one each per tube. Laboratory shall repon condition of rube and
c:xuuded soil prior to testing. Dry lenses and rocks shall be documented and reponed to the LSM.

Unless othenvise noted in the project specifications. or as directed by the Project ~1anger, all
perforations of the clay liner shall be backfilled. Perforations that must be backfilled shall include,
but not be limited to. the following:.• : Nuclear density test probe locations.

Sand-cone test locations.
Hydraulic conductivity sampling locations.
Grade stakes.

All perforations shall be backfilled with a soil bentonite mixture and be compacted in-place with a
tamping rod. t\10dified or Standard Proctor hammer. or a hand tamper as specified in the project
specifications depending upon the size of the perforation. At a minimum. the Soil QAC shall
perform routine tests and observations on the backfilled areas.

At the discretion of the Project Manager. if one or more of u~e fol!ov"'ing conditions develop during
construction. an increased frequency of testing shall be used based on recommendations from the
Soil QAC:

I. Rollers slip during operation,
2. Eanhfill is at improper and/or variable moisture content.
3. Din-clogged rollers are used to compact the material.
4. The uniformity of compaction of the material is suspect.
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• Additional testing may also be considered when:

1. Weather conditions are adverse.
2. Rollers have not used optimum ballast.
3. Equipment breaks down frequently.
4. Grading is being staned or finished.

4.7 DEFECTS AND REPAlRS

At locations where the field density and moisture content testing indicates compaction performed
below the requirements of the specifications, the Soil QAC sbalI determine the extent and the
nature of the defect.

If the compacted soil liner bas been subject to adverse weather conditions, the Soil QAC shall
reinspect the liner for possible damage.

Evaluation of layer bonding may be determined by using test pits to make visual observations.
All test pits shall be excavated in a manner acceptable to the Geosynthetic CQA Monitor. Test
pits shall be at least 1 foot in depth. All pits shall be backfilled and compacted in accordance
with the project specifications. The backfill shall-be compacted using hand compaction
equipment or other methods approved by the Geosynthetic CQA Monitor.

• 4.7.1 Notification

After determining the extent and nature of the defect, the Soil QAC shall promptly notify the
Project Manager and the Earthwork Contractor. A work deficiency meeting shall be held as
needed between the Earthwork Contractor, Soil QAC, and the Project Manager to assess the
problem, review alternative solutions, and implement an action plan.

4.7.2 Repairs and Retesting

The Earthwork Contractor shall correct all deficiencies to the satisfaction of the Soil QAC. If
a project specification criteria cannot be met, or unusual weather conditions hinder work, the
Soil QAC shall develop and present to the Project Manager suggested solutions for his approval.

The Soil QAC shall schedule appropriate retests when the work defect has been corrected. All
retests by the Soil QAC shall verify that the defect has been corrected before any additional
work is performed by the Earthwork Contractor in the area of the deficiency.

•

(
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).0 GRANI IL\R DRAINAGE r.IEDJ..\.5.1 OESCRlPTION AND APPLICABILITY

Granular drainage media consists of high penneable materials used in leachate collection. final cover
drainage and gas venting systems. TI1e types of materials shall consist of clean sands and/or gravels
or other penneable material classified ~s SW. SP. GW. or GP. Gravel placed in pipe trenches shall
be classified as GW or GP. and be of gradation whereby 95% of the materials is larger than the
perforations of the drainage pipe.

5.2 QUALITY CONTROL OOCUtv1ENTATION

Prior to the construction of a granular drainage layer. tests to confinn the adequacy of the granular
drainage materials shall be perfonned on specimens procured fonn each source area. All material
evaluation tests are to be pertonned in a geotechnical laboratory. which may be the Soil QAL or
another laboratory approved by the Project Manager. The Earthwork Contractor shall submit to the
Project Manager the results of source evaluation tests. 'n1e sources shall be ranked for acceptability
based on test results. unit material price. and transportation cost. The material shall be accepted or
rejected by the Project Manager according to these results.

The following tests shall be conducted:

1. Particle Size (ASTM 01140. 0422).
• 2. Laboratory Hydraulic Conductivity (ASTM 02434).

Unless othef\vise specified in the project specifications. one series of these tests shall be perfonned
per source. or upon visually observable changes in the material type. If identification of additional
drainage material sources becomes necessary during construction. the same material qualification
and consistency checking procedures shall be applied to each such source.

5.3 CONFORMANCE TESTING

Confonnance testing of the granular drainage materials shall be perfonned to establish the
consistency of the drainage byer material properties received from the borrow source.

The following tests shall be perfonned:

I.
'I

Particle Size (ASTM 01140.0422).
Laboratory Hydraulic Conductivity (ASTM 02434).

Unless otherWIse specified in the project specifications. particle size tests shall be pertormed at a
frequency of one per 1.000 yd j o[ drainage layer material. or upon visually observable changes in
the material type. The laboratory hydraulic conductivity tests shall
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•

be perfonned upon \'isu;.llly observable changes in the material type or. as required in the project
specifications,

The LSM shall exarnine all test results and repon any non-confonnance to the Project !\1anager. The
Project Manager shall accept or reject the material based on this re"ie\'·,' and the requirements of the
project speci iications.

5.4 CONSTRUCTION OBSERVATION. INSPECTION AND INSPECTION

The Soil Q:\C shall observe the procedures used by the Earthwork Contractor during placement of
the drainage material to ensure that the materials are placed at the specified thickness. The thickness
of the drainage byer shall be verified by survey on a 50-grid pattern across cell base area by the
LSM following completion of the drainage byer placement.

In-place samples will be taken at a frequency ofone sample per 1.000 yd J
. The in-place samples will

be tested for panicle size (to confonn to maximum of 5% passing number 200 sieve) and hydraulic
conductivity. The frequency of in-pbce samples to be tested for hydraulic conductivity may be
increased to one per 5.000 yd] by the CQA Engineer and CW1v1 Project Manager based on the results
of the pre-qualification. conformance and in-place panicle size testing for each source.

TIv:: Soil QAC shall prep:lre a certificate of acceptance for the drainage layer to be submitted to the
Project Manager.

5.5 DEFECTS AND REPAIRS

If a defect is discovered in the final drainage blanket product. the Soil QAC shall dctennine the
extent and the nature of the defect. I f the defect is indicated by an unsatisfactory test result. the Soil
QAC shall detennine the extent of the deficient area by additional tests. observations. a review of
records. or other means that the Soil QAC deems appropriate.

5.5.1 Notification

After detennining the extent and nature of the defect. the Soil QAC shall promptly notify the Project
Manager and the Earthwork Contractor. A work deticiency meeting shall be held as needed between
the Earthwork Contractor. the Soil QAC. and the Project Manager to assess the problem. review
alternative solutions. and implement an action plan.

5.5.2 Repairs and Retesting

The Earth\\'ork Contractor shall correct all deficiencies to the satisfaction of the Soil QAC. If a
project specification criteria ca.nnot be met. or unusual weather conditions hinder \\'ork. the Soil
QAC shall Je\'e!op a.nd suggest solutions to the Project Manager for his approval.

The Soil QAC shall schedule appropriate retests when the work defect has been corrected. All retests
by the Soil QAC shall verify that the defect has been corrected before any additional work is
perfonned by the Eanhwork Contractor in the area of the deficiency.• CWM
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6.0 PROTECTIVE SOIL COVER 
 
6.1 DESCRIPTION AND APPLICABILITY 
 
Protective soil covers generally consist of soils used to protect the geosynthetic components of 
the lining systems and of the geosynthetic clay liner (GCL) final cover system.  This cover 
prevents direct contact between the liner system and the waste materials, the leachate collection 
system and the waste materials, and provides physical protection for the geosynthetics in the GCL 
final cover system.  The protective soil cover shall not have a particle size or have sharp edges 
that may damage a geosynthetic component.  If necessary, processing may be required to remove 
oversized particles. 
 
Where protective soil cover is used in conjunction with the baseliner system, the percentage of 
material finer than #200 sieve shall be evaluated to ensure that the protective material has a 
hydraulic conductivity large enough not to prevent free drainage of the landfill leachate into the 
leachate collection system.  This requirement may not be necessary for protective soil cover that 
is placed on side slopes or for a GCL final cover system. 
 
6.2 PREQUALIFICATION SOURCE TESTING 
 
Prior to construction of the protective soil cover layer, tests to confirm the adequacy of the 
protective soil materials shall be performed on specimens procured from each borrow source area.  
The Soil QAC shall verify that the grain-size distribution (via ASTM D422 and, if appropriate, 
ASTM D1140) of the protective layer material meets the requirements of the project 
specifications. 
 
For cohesive protective layer materials, the Soil QAC shall obtain the moisture content of the 
material at the source as specified in the project specifications to evaluate its workability.  The 
Atterberg Limits tests shall be performed on these materials at the frequency specified in the 
project specifications. 
 
Prior to construction of the protective soil layer in the GCL final cover system, the source 
material shall be tested for permeability (ASTM D5084) and compaction characteristics (ASTM 
D698 and ASTM D1557) to determine the range of in-place soil density and moisture content that 
meets the specified minimum value contained in the project specifications.  These test results 
shall be used to develop the acceptable zone for compaction as described in Appendix C. The 
acceptable zone of compaction specifies the range of moisture content and dry unit weight that 
will allow the soil to achieve an in-place hydraulic conductivity that is less than or equal to the 
maximum allowable value contained in the project specifications.  Once the acceptable zone of 
compaction is determined from laboratory test results, a test pad shall be constructed to verify that 
the actual equipment and compaction methods to be used by the Earthwork Contractor to 
construct the protective soil layer for the GCL final cover system can attain field soil densities 
and moisture contents that are within the acceptable zone for compaction. The test fill shall be 
constructed and tested as described in Appendix A. 
 
All required testing shall be performed by the Soil QAL or another laboratory approved by the 
Project Manager.  The Earthwork Contractor shall submit to the Project Manager the results of 
source evaluation tests.  The material shall be accepted or rejected by the Project Manager based 
on the laboratory testing results.  If identification of additional soil sources becomes necessary 
during construction, the same material qualification and testing procedures shall apply for each 
new source. 
CWM 6-1  
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6.3 CONFORMANCE TESTING 
 
Conformance testing of the protective soil material shall be performed to ensure the consistency 
of the material’s physical properties and to verify that the material continues to comply with the 
specified requirements. The Soil QAC shall conduct onsite particle size tests at the frequency of 
one per 5,000 yd3 of protective layer soil before placement.  For cohesive soil used to construct 
the protective layer on the side slopes and the protective layer in the GCL final cover system, the 
Soil QAC shall obtain the moisture content of the protective layer soil at the time of placement at 
the frequency specified in the project specifications. 
 
The Soil QAC shall report any nonconformance to the Project Manager.  The Project Manager 
shall accept or reject the material based on this review and the requirements of the project 
specifications prior to construction. 
 
6.4 CONSTRUCTION OBSERVATION AND INSPECTION 
 
During construction of the GCL final cover protective soil layer, the Soil QAC shall perform in-
situ moisture/density testing of the compacted material at a frequency of nine tests per acre per 
lift.  The Soil QAC shall verify that all moisture/density test results are within the acceptable zone 
for compaction established by prequalification testing.  The Soil QAC shall notify the Project 
Manager of any unacceptable moisture/density test results and the area shall be recompacted and 
retested until acceptable moisture/density test results are obtained.  
 
The Soil QAC shall also collect Shelby tubes from the constructed GCL final cover protective 
soil layer for laboratory permeability testing. Shelby tubes shall be collected from the upper 12 
inches of the 18-inch-thick layer and at a frequency of 4 per acre per lift. The Soil QAC shall 
verify that all laboratory-measured permeabilities are less than or equal to the maximum 
allowable value contained in the technical specifications. The Soil QAC shall notify the Project 
Manager of any failing permeability test results and the associated area shall be re-compacted and 
retested until acceptable permeability test results are obtained. 
 
The Soil QAC shall verify the protective layer thickness by spot checks and direct measurements 
after placement.  The Soil QAC shall also observe the placement of any geosynthetic the 
protective soil may come in contact with.  The Soil QAC shall prepare a certificate of acceptance 
for the protective layer to be submitted to the Project Manager. 
 
6.5 DEFECTS AND REPAIRS  
 
If a construction defect is discovered in the protective layer, the Soil QAC shall determine the 
extent and the nature of the defect.  If the defect is indicated by an unsatisfactory test result, the 
Soil QAC shall determine the extent of the deficient area by additional tests, observations, a 
review of records, or other means that the Soil QAC deems appropriate. 
 
6.5.1 Notification 
 
After determining the extent and nature of the defect, the Soil QAC shall promptly notify the 
Project Manager and Earthwork Contractor.  A work deficiency meeting shall be held as needed 
between the Earthwork Contractor, the Soil QAC, and the Project Manager to assess the problem, 
review alternative solutions, and implement an action plan. 
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6.5.2 Repairs and Retesting 
 
The Earthwork Contractor shall correct all deficiencies to the satisfaction of the Soil QAC.  If a 
project specification cannot be achieved, or unusual weather conditions hinder work, the Soil 
QAC shall develop and present to the Project Manager suggested solutions for his approval. 
 
The Soil QAC shall schedule appropriate retests when the work defect has been corrected.  All 
retests by the Soil QAC must verify that the defect has been corrected before any additional work 
is performed by the Earthwork Contractor in the area of the deficiency. 



•

7.0 VEGETATIVE COVER

7.1 DESCRIPTION A1'ID APPLICABILITY

Vegetative cover material generally consists of medium textured soils capable of supporting
vegetative growth. Establishment of vegetation will:

• Protect the soil and/or geosynthetic cover against damage due to frost and excessive
temperatures.

• Reduce cover erosion due to water and wind.
• Enhance the appearance of the landfill for aesthetic reasons.

;'vledium-textured soils (loam) have the best characteristics for seed germination and plant
development. Site-specific top layer criteria shall be given in the project specifications.

Alternative cover designs prepared on site-specific basis in certain climatic regions may not
require a vegetative soil cover. In such cases, the site-specific project specifications are to be
used in lieu of the contents of this section as a guide for construction quality assurance purposes.

7.2 QUALITY CO~1ROL DOCLw1E.~lATION

Prior to the construction of a vegetative layer, the particle size distribution of soil from each
source (one test per source) shall be determined by the Soil QAC. All testing shall be
performed by the Soil QAL.

7.3 CONSTRUCTION OBSERVATION A1'ID INSPECTION

The vegetative cover layer shall be compacted moderately and uniformly to the specified
thickness. The fmnness of the compacted vegetative cover varies with the type of vegetation
specified for the cover, and should be indicated in the project specifications.

The Soil QAC shall:

1. Verify the actual thickness of the vegetative cover after compaction by dwvet measurements.
The thickness of the top layer of soil should be at least equal to, preferably greater than, the
depth required for the protection of the compacted soil liner against frost. The vegetative
layer fmal grades will be verified by surveying.

2. Ensure that care is taken in the vicinity of protrusions to prevent physical damage by the
construction equipment.

3. Observe the quantity and the uniformity of any soil amendment incorporated within the
tilled depth before seeding.

4. Ensure that the seeding application equipment is appropriate for the job. The rate of seed and
mulch application, amount and uniformity of coverage, and watering instructions as
provided in the construction specifications shall be closely observed.
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5. Examine the perimeter areas to ensure that no bare spots are left.
6. Continue to inspect the cover until the vegetative cover has been established .

If erosion protection is to be achieved through the use of coarse materials (cobbles. nprap)instead of a vegetative cover, the Soil QAC shall verify that the panicle-size distribution of theprotective layer is as specified in the project specifications.

Upon completion of the vegetative cover layer placement, the Soil QAC shall prepare acenificate of acceptance for the vegetative layer to be submitted to the Project Manager. TheSoil QAC shall repon any non-confonnance to the Project Manager.

7A DEFECTS ~'ffi REPAIRS

If a defect is discovered in the vegetation layer, the Soil QAC shall detennine the extent and thenature of the defect. If the defect is indicated by an unsatisfactory test result. the Soil QAC shalldetennine the extent of the deficient area by additional tests, observations, a review of records.or other means that the Soil QAC deems appropriate. If the vegetative layer has been subject toadverse weather conditions during construction, the Soil QAC shall reinspect the vegetative layer
for possible damage in overly wet or desiccated areas.

7A.l Notification

After detennining the extent and nature of the defect, the Soil QAC shall promptly notify theProject Manager and the Earthwork Contractor. A work deficiency meeting shall be held asneeded between the Earthwork Contractor, the Soil QAC, and the Project Manager to assess ~;J:::probiem, review alternative solutions, and implement an action plan.

7.4.2 Repairs and Retesting

The Earthwork Contractor shall correct all deficiencies to the satisfaction of the Soil QAC. Ifa project specification criteria cannot be met, or unusual weather conditions hinder work, theSoil QAC shall develop and present to the Project Manager suggested solutions for his approval.

The Soil QAC shall schedule appropriate retests when the work defect has been corrected. All
retests by the Soil QAC must verify that the defect has been corrected before any additionalwork is performed by the Earthwork Contractor in the area of the deficiency .
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8.0 GENERAL EARTHFILL

8.1 DESCRIPTION AND APPLICABILITY

General eanhfill consists of random, granular or cohesive material taken from on-site, approved off-site

excavations or stockpiles used for non-critical applications. Soil used as general eanhfill consists of a

broad range of soils relatively free of organics, trash., or other deleterious matter.

This section does not identify specific tests to determine the suitability of eanh materials for use in

general eanhfiIl. Testing and/or material qualification requirements specified for the general eanhfill

material in site-specific project specifications shall override the minimum qualifications given in this

section.

8.2 QUALITY CONTROL DOCUMENTATION

The general eanhfill sources shall be evaluated to determine acceptance with the project specifications.

The visual examination and laboratory direct shear testing of the general eanhfill soil shall be performed

and documented by the Soil QAC. If required, the general fill material shall be processed such that it

does not contain panicles exceeding the maximum size established in the project specifications. The

Project Manager shall accept or reject the material.

8.3 CONSTRUCTION OBSERVATION AND INSPECTION

The Soil QAC shall verify the requirements of the project specifications are met. In summary, a minimum

of one Modified Proctor per source per year and minimum field density testing of one per 600 cubic yards

is required. The CQA Engineer may request more frequent testing ifneeded. The Soil QAC shall repon

all non-conformances to the Project Manager.

8.4 DEFECTS AND REPAIRS

If a defect is discovered in the finished general eanhwork., the Soil QAC shall determine the extent and

the nature of the defect. If the defect is indicated by an unsatisfactory test result, the Soil QAC shall

determine the extent of the deficient area by additional tests, observations, a review of records, or other

means that the Soil QAC deems appropriate. Defected soil is identified as damage to any compacted lift

at any time during the construction, such as from weather or rutting under the loads imposed by eanh

moving equipment.

8.4.1 Notification

After determining the extent and nature of the defect, the Soil QAC shall promptly notify the Project

Manager and the Earthwork Contractor. A work deficiency meeting shall be held as needed between the

Earthwork Contractor, the Soil QAC, and the Project Manager to assess the problem, review alternative

solutions, and implement an action plan.
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--. Q .4.2 Repairs and Retesting

ene E:utb.work Contractor shall com:a all deficiencies to the sarisfaction of the Soil QAC. If
a project specific:ation criteria. cannot be m~ or unusual weather conditions hinder work, the
Soil QAC shall develop and presem to the Project Manager sugested solutions for his approval.

The Soil QAC shall schedule appropriate retcStS~ if any required. when the work defect has been
corrected.. All retem by the Soil QAC must verify that the defect has been corrected before any
additional work is performed by the Eanhworlc: CootraetOr in the area of the deficiency.

•
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9.0 GEOME.YffiR-\:.'fES

9.1 DESCRIPTION .~'ID APPUCABILITY

Gcomembranes are low hydraulic conductivity barriers used in lining systems. This section is
applicable to smooth HDPE. roughened HDPE, and coextruded polyethylene geomembr:liles.
This section is not applicable to other geomembrane materials including Hypalon, PVC, and
VLDPE.

9.1 MAJ.'[(JFACTCRlNG PlAJ.'IT InSPECTION

CWM will conduct an inspection of the Manufacturer's plant. In addition, the Project ~fanager.
or his designated representative, may visit the manufacturing plant for a projeet-sp~irlc

inspection if deemed necessary. If possible, the project-specific inspection shall be prior to or
during the manufacturing of the geomembrane rolls for that particular project. The purpose of
the plant inspection is to review the manufacturing process and quality control procedures.

The manufacturing plant inspection shall include:

Verification that properties guaranteed by the M:anl.1facrurer meet all project specific:llions.
Verification that the measurement of properties by the ~ufacmrer is properly docume:lted
and test methods used are acceptable.
Spot inspection of the rolls and verification that they are free of imperfections or any sign
of contamination by foreign matter.
Review of handling, storage, and transportation procedures, and verification that these
procedures will aot damage the geomembrane.
Verification that roll packages have a label indicating the name of the manufacturer, type of
geomembrane, thickness, roll number, and roll dimensions.
Verification that extrusion rods andJor beads are produced from the same base resin type as
the geomembrane.

A report descnoing the inspection shall be retained by CWM for annual inspectioas and by the
Project Manager for project-specific inspections.

9.3 QUALITY CONTROL DOClJMENTATION

Prior to the instal.lation of any geomembrane material, the Man':lfacturer or Installer shall provide
the Project Manager with the following information:

1. The origin (supplier's name and production plant) and identification (brand name and
number) of the resin.

2. Copies of dated quality control certificates issued by the resin supplier.
3. Results of tests conducted by the Manufacmrer to verify that the resin used to manufacture

the geomembrane meets the project specifications for melt flow index and density.
4. A statement indicating that the amount of reclaimed polymer added to the resin during

manufacmring was done with appropriate cleanliness and did not exceed 2 % by weight.
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5. A list of the materials which comprise the geomembrane, expressed in the following 
categories as percent by weight:  polyethylene, carbon black, other additives. 

6. A specification for the geomembrane which includes all properties contained in the project 
specifications measured using the appropriate test methods. 

7. Written certification that minimum values given in the specification are guaranteed by the 
Manufacturer. 

8. Quality control certificates, signed by a responsible party employed by the Manufacturer. 
Each quality control certificate shall include roll identification numbers, testing procedures, 
and results of quality control tests. At a minimum, results shall be given for. 

 
a. Density (ASTM D1505 or D792). 
b. Carbon black content (ASTM D1603, D4218). 
c. Carbon black dispersion (ASTM D5596). 
d. Thickness (ASTM D5994). 
e. Tensile properties (ASTM D6693 Type IV). 
f. Tear strength (ASTM D1004). 

 
These quality control tests shall be performed in accordance with the test methods specified 
in the project specifications for every 40,000 ft2 (4,000 m2) of geomembrane produced. 
 
The manufacturers shall provide a certification letter which will provide data for puncture, 
environmental stress, low temperature, and burial. 

 
The Manufacturer shall identify all rolls of geomembranes with the following: 
 
1. Manufacturer’s name. 
 
2. Product identification. 
 
3. Thickness. 
 
4. Roll number. 
 
5. Roll dimensions. 
 
The LGM shall review and approve in writing, these documents and shall report any discrepancies 
with the above requirements to the Project Manager.  The LGM shall verify that: 
 
1. Property values certified by the Manufacturer meet all of its guaranteed specifications. 
 
2. Measurements of properties by the Manufacturer are properly documented and that the test 

methods used are acceptable. 
 
3. Quality control certificates have been provided at the specified frequency for all rolls, and 

that each certificate identifies the rolls related to it. 
 
4. Rolls are appropriately labeled. 
 
5. Certified minimum properties meet the project specifications. 
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9A CONFOR'vL4..J.'\fCE TESTING

Upon delivery of the rolls of geDmembrane, the Geosynthetic QAC shall ensure that
conformance test samples are obtained for the geomembrane. These samples shall then be
forwarded to the Gcosynthetic QAL for testing to ensure conformance to the projecL

If the Project ;\-fanager desires, the Geosynthetic QAC can perform the conformance tes;:
sampling at the manufaeturing plant. This may be advantageous in expediting the ins--..allarion
process for very large projecrs.

The following conformance tests shall be conducted:

1. Density.
2. Carbon black content.
3. Carbon black dispersion.
4. Thickness.
5. Tensile characteristics.

These conformance tests shall be performed in accordance with the test methods specified in the
project specifiCJ.rions.

9.4.1 Sampling Procedures

The rolls to be sampled shall be sel~..ed by the Geosynthetic QAC. Samples shall be taken
across the entire width of the roll and shall not include the first 3 ft (1 01). Unless otherwise
specified, samples shall be 3 ft (1 01) long by the roll width. The Geosynthetic QAC shall mark
the machine direction on the samples with an arrow.

A lot shall be defined as a group of consecutively numbered rolls from the same manufacruring
line. Alternatively, a lot may be designated by the Geosynthetic QAC based on a review of aU
roll information including quality control documentation and manufacturing records.

Samples shall be taken at a rate of one per lot, at a minimum or one test per 100,000 ff (10,000
mZ) of geomembrane.

9.4.2 Test Results

All conformance test results shall be reviewed, approved in writing, and material accepted or
rejected by the LGM prior to the deployment of the geomembrane.

The LGM shall examine all results from laboratory conformance testing and shall report any
nonconformance to the Project Manager. The LGM shall be responsible for checking that all
test results meet or exceed the property values listed in the project specifications.

If the Manufacturer bas reason to believe that failing tests may be the result of the Geosynthetic
QAL incorrectly conducting the tests, the Manufacmrer may request that the sample in question
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• be retesteD by the GeDsynthetic QAL with a techniC3l representative of the ~fanufacrurerpresent
during the testing. This retesting shall be done at the expense of the ~fanufacturer. The
Manufacturer may have the same sample retested at two different CW1-1 approved Geosynthetic
QALs. If both laboratories produce passing results, the material shall be accepted. If both
laboratories do noc produce passing results, then the original Gwsynthetic QAL's test results
shall be accepted. Tae use of these proce.dures for dealing with faileD test results is subje::t to
the approval of the Project Manager.

If a test result is in nonconformance, all material from the lot represented by the failing test
should be considered out of specification and rejected. Alternatively, at the option of the Project
~1anager, additional conformance test samples may be taken to "bncket" the portion of the loc
not meeting spee..fication (note that this procedure is valid only when all rolls in the loc are
consecutively produce.d and numbered from one manufactUring line). To isolate the our of
specification material, additional samples must be taken from rolls that have roll numbers
immeDiately adjacent to tbe roll that was sampled and failed. If both additional tests pass, the
roll that represents the initial failed test and the roll manufactured immediately after that roll
(next larger roll number) shall be rejected. If one or both of the additional tests fail, then the
entire lot shall be rejected or the procedure repeated with two additional tests that bracket a
greater number of rolls within the lot.

9.5 StJBGRADE PREPARATION

9.5.1 Surface Preparation

• The l:'.3rthwcrk Contractor shall be responsible for preparing the supporting SOIl ror
geomembrane pIac.."1Dent. The Project Manager shall coordinate the work of the Earthwork
Contractor and the Installer so that the requirements of the project specifications and the project
QAM are met.

Before the geomembrane i.nstallation begins, the Geosynthetic QAC shall verify that:

1. A qualified land surveyor has verified all lines and grades.
2. A qualified geotechnical engineer has verified that the supporting soil meets the criteria

specified in the project specifications.
3. The surface to be lined has been rolled, compacted, or handworked so as to be free of

irregularities, protrusions, loose soil, and abrupt changes in grade.
4. The surface of the supporting soil does not contain stones which may be damaging to the

geomembrane.
5. There is no area excessively softened by high water content.
6. There is no area where the surface of the soil contains desiccation cracks with dimensions

exceeding those allowed by the project specifications.
7. All temporary geomembnmes, geotextiles, or other materials are removed.

The Installer shall certify in writing that the surface on which the geomembrane will be inst:a11ed
is acceptable. A certificate of acceptance shall be given by the Installer to the Geosynthetic
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QAC prior to commencement of geomembrane deployment in the are:l under consideration. The
• Project Nfanager shall be given a copy of t1li.s certificate by the Geosynthetic QAC.

After the supporting soil has been acc..."'Pted by the Installer, it is the Installer's responsibilirv to
indicue to the Project ~fanager any change in the su!JPorting soil condition that may require
repair work. The Project ~1anager may consult with the Gcosynthetic QAC regarding the n~d

for repairs. If the ~synthetic QAC concurs with Installer, the Project Manager shall ensure
t.ha! the supporting soil is repaired.

A! any time before or during the geomembrane installation, the Gcosynthetic QAC shall indic:ue
to the Project Manager any lOCJ.tions which may not be adequately prepared for the
geomembrane.

9.5.2 Anchor Trench

Tn,. G~synth"h'" QAC sha.!ll V,."';My th.,t ,h,. an,..ho" """""'h h.,,, h ...." ,..nn""...",..ted "C"'f"l ..rli"g- tn th,....._ .... _ ~ .... """'.... _ ....~ \.A..6 ....... ~'"' "-'4.L", ~............. ..........., _,--..." __ 4w-...-....... ..... ......... "'~J.:;, ... V "'-t..L_

design drawings and project specifications.

•
If the anchor trench is excavated in a clay material susceptible to desiccation, the amount of
trenc!:l open at any time should be minimized. The Geosynthetic QAC shall inform the Proj~t

Manager of any signs of significant desiccation associated with the anchor trench construction.

Slightly rounded corners shall be provided in the trench so as to avoid sharp bends in the
geomembrane. Excessive amounts of loose soil shall not be allowed to underlie the
geomembrane in the anchor trench.

The anchor trench shall be adequately drained to prevent ponding or softening of the adjacent
soils while the treDch is open. The anchor trench shall be backfilled and compacted as outlined
in the project specifications.

Care shall be taken when bacldilling the trenches to prevent any damage to the geosynthetics ..
The Geosynthetic QAC shall observe the backfilling operation and advise the Project Manager
of any problems. AJJ.y problems shall be documented by the Geosynthetic QAC in his daily
report.

9.6 GEOl\tIEMBRANE DEPLOThIENT

9.6.1 .Panel Nomenclature

A field panel is defined as a unit of geomembrane which is to be seamed in the field, i.e., a
field panel is a roll or a portion of a roll cut in .the field.

It shall be the responsibility of the Geosynthetic QAC to ensure that each field panel is given
an identification code (number or letter-number) consistent with the layout plan. This
identification code shall be agreed upon by the Project Manager, lnstaller and Geosynthetic
QAC. This field panel identification code shall be as simple and logical as possible. In general,• CWM
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it is not appropriate to identify panels using roll numbers since roll numbers established in the
manufacturing plant are usually cumbersome and are not related to location in the field. The
Geosynthetic QAC shall establish a table or chan showing correspondence between roll numbers
and field panel identification codes. The field panel identification code shall be used for all
qualiry assurance records.

The Geosymbetic QAC shall verify that field panels are installed at the approximate locations
indiuted on the Installer's layout plan, as approved by the Project Manager.

9.6.2 Panel Deployment Procedure

The Geosynthetic QAC shall review the panel deployment progress of the Installer (ke-..-ping in
mind issues relating to wind, rain, clay liner desiccation, and other site-specific conditions) and
advise the Project ~fanager on its compliance with the approved panel layout drawing and its
suitabiliry to the actual field conditions. Once approved, only the Project Manager C411 authorize
changes to tile panel deployment procedure. The Geosynthetic QAC shall verify that the
condition of the supporting soil does not change detrimentally during installation.

The Geosynthetic QAC shall record the identification code, location, and date of installation of
each field panel.

Temporary hold down will be used during geomembrane installation and particularly against
wind damage by sandbagging, tires, or other means as approved by the Project Manager. The
selected method will not damage or cause leakage on liner surfaces or other materials (i. e., clay
liner). Sand used in sandbags shall be well graded, clean sand with a maximum particle size
of 0.25 inches (visual inspection). Source of sand will be approved by the Project ~fanager.

In these matters, monitors will report such incidence to the LGM for cleaning.

9.6.3 Deployment Weather Conditions

Geomembrane deployment shall Dot be undertaken if weather conditions will preclude material
seaming following deployment. (See Section 9.7.6)

The Geosynthetic QAC shall verify that the above conditions are fulfilled. Ambient ternperarure
shall be measured by the Geosynthetic QAC in the area in which the panels are to be deployed.
The Geosynthetic QAC shall inform the Project Manager of any weather related problems which
may Dot allow geomembrane placement to proceed.

9.6.4 l\tIethod of Deployment

Before the geomembrane is handled on site, the Geosynthet:ic QAC shall verify that handling
equipment to be used on the site is adequate and does not pose risk of damage to the
geomembrane. During handling, the Geosynthetic QAC shall observe and verify that the
Installer's personnel handle the geomembrane with care.
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The Geosymhetic QAC shall verify the following:

1. Any equipment on the liner used does not damage me geomembrane by bandling, excessive

beat, leakage of bydroc::ubons, or other means.

2. The prepared su rface underlying the geomembr.rne bas not deteriorated since prev ious

acceptance, and is still acceptable immediately prior to geomembrane placement.

3. Any geosyntheric elements immediately underlying the geomembrane are C~e.:lI1 and free of

debris.
4. All personnel do not smoke or wear damaeuing shoes while working on the geomembrane,

or engage in other activities wltich could damage the geomembrane.

s. The method used to unroll or adjust the panels does not C:lUse excessive scratctles or crimps

in the geomembrane and does not damage the supporting soil.

6. The method used to place the panels minimizes wrinkles (especially differe:ltial wrinkles

between adjacent panels).

7. Adequate temporary loading and/or anchoring (e.g., sand bags, tires), not likely to damage

the geomembrane, has been placed to prevent uplift by wind. L'1 else of hjgh winds,

continuous loading, e.g., by sand bags, is recommended along edges of panels ~o minimize

risk of wind flow under the panels.

8. Direct contact with the geomembrane is minimized, and the geomembrane is protected by

geotextiles, exua geomembrane, or other suitable materials, in~ where excessive traffic

may be expected.

The Geosyntheric QAC shall inform the Project 1-fanager if the above conditions are not

fulfilled.

9.6.5 Damage and Defects

Upon delivery to the site, the Geosynthetic QAC shall conduct a surface observation of all rolls

for defects and for damage. This inspection shall be conducted without unrolling rolls unless

defectS or damages are found or suspected. The Geosynthetic QAC shall advise the Project

~1anager, in writing, of any rolls or portions of rolls which should be rejected and removed

from the site because they have severe flaws, and/or minor repairable flaws.

The Geosynthetic QAC shall inspect each panel, after placement and prior to seaming, for

damage and/or defects. The Geosynthetic QAC shall advise the Project Manager which panels,

or portions of panels, should be rejected, repaired, or accepted. Damaged panels, or portions

of damaged panels, which have been rejected sh.all be marked and their removal from the work

area recorded by the Geosynthetic QAC. Repairs shall be made using procedures described in

Section 9.10.

9.6.6 Writing on the Liner

To avoid confusion, the Installer and the Geosynthetic QAC shall each use different colored

markers that are readily visible for writing on the geomembrane. The markers used must be

semi-permanent and compatible with the geomembrane. The Installer shall use a white marker

to write on the geomembrane. The Geosynthetic QAC shall use a yellow marker.
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9.7 FIELD SEAMLNG

9.7.1 Seam Layout

Before installation begins, the Installer shall provide the Project Manager and the Geosynthetic
QAC with a panel layout drawing, i.e., a drawing of the facility to be lined showing all expected
seams. The LGM shall review the panel layout drawing and verify that it is consistent with
accepted state-of-practice. No panels may be seamed without the written approval of the panel
layout drawing by the Project Manager. In addition, panels not specifically shown on the panel
layout drawing may not be used without the Project Manager's prior approval.

In general, seams should be oriented parallel to the line of maximum slope, i.e., oriented along
not across, the slope. Seams are allowed on slopes which are less than or equal to 1OH: 1V. [n
comers and odd-shaped geometric locations, the number of seams should be minimized. No
horizontal seam should be less than 5 ft (1.5 m) from the toe of the slope, or areas of potential
stress concentrations, unless otherwise authorized by the Project Manager.

For the final cover geomembrane, extrusion welding the textured to textured seams will be the
preferred welding method for the diagonal seam location at the comers. One full destructive test
must be performed at each seam location. Seams will be welded diagonally on the panels that
occur in comer locations and will be staggered at a minimum distance of30 feet apart. One seam
will be a!lowed between final cover benches on the slope.

A seam numbering system compatible with the panel numbering system shall be used by the
Geosynt!lctic QAC.

9.i.2 Accepted Seaming Methods

Approved processes for field seaming are extrusion welding and fusion welding. Proposed
alternate processes shall be documented and submitted by the Installer to the Project Manager for
approval. Only apparatus which have been specifically approved by make and model shall be
used. Th~ Project Manager shall submit all documentation regarding seaming methods to be used
to the Geosynthetic QAC for review.

Temporary bonding by leistering will be performed in accordance with Appendix F, Leister Bond
Procedures.

9.7.2.1 Extrusion Process

The Geosynthetic QAC shall log ambient, seaming apparatus, and geomembrane surface
temperatures at appropriate intervals and report any noncompliances, to the Project Manager.

The Geosynthetic QAC shall verify that:

I. The Installer maintains on-site the number of spare operable seaming apparatus decided upon
at the pre-construction meeting.

2. Equipment used for seaming is not likely to damage the geomembrane.
3. Prior to beginning a seam, the extruder is purged until all heat-degraded extrudate has been

removed from the barrel.
4. Clean and dry welding rods or extrudate pellets are used.
5. The electric generator is placed on a smooth base such that no damage occurs to the

geomembrane.
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• 6.
7.

8.
9.

10.

1.

• 2.
3.
4.

5.

6.
7.

Grinding shall be completed no more tb.an 1 hour prior to se31D.ing.
A smooth insulating plate or fabric is placed beneJrh the hot welding appar.Hus :iller usag~

such that no damage occurs.
The geomembrane is protected from damage in heavy traffic areas.
Exposed grinding marks adjacent to an extrusion weld shall be minimized. In no instance
shall exposed grinding marks extend more tb.an 1/4 in. from the finished seJ.IDed areJ.
In gener.:J.1, the geomembrane panels are aligned to have a nominal overlap of 3 in. (/5 mm)
for extrusion welding. In any evem, the final overlap shall be sufficient to allow peel ces,s
to be perfolTI1ed on the seam.

11. No solvent or adhesive is used.
12. The procedure used to temporarily bond adjacem panels together does not damage Ule

geomembrane; in particular, the tempenrure of hot air at the nozzle of any tempora..r:.;
welding appararus is controlled such that the geomembrane is not damaged.

9.7.2.2 Fusion Process

The Geosynthetic QAC shall log ambient, seaming apparatus, and geomembrane surface
temperatures at appropriate intervals and report any noncompliances to the Project ~fanager.

The Geosynthetic QAC shall also verify that:

The Installer maintains on-site the number of spare operable seaming appararus decided upon
at the pre-eonstruction meeting.
Equipment used for seaming is not likely to damage the geomembrane.
For cross seams. the edge of the cross seam is ground to an incline prior to welding.
The electric generator is placed on a smooth base such that no damage occurs to the
geomembrane.
A smooth insulating plate or fabric is placed beneath the hot welding appararus after usage
such that no damage occurs.
The geomembrane is protected from damage in heavy traffic areas.
A movable protective layer is used as required by the Installer directly below each overlap
of geomembrane that is to be seamed to prevent buildup of moisture between the sheets and
prevent debris from collecting around the pressure rollers.

8. In general, the geomembrane panels are aligned to have a nominal overlap of 5 in. (125 mm)
for fusion welding. In any event, the final overlap shall be sufficient to allow peel tests to
be performed on the seam.

9. No solvent or adhesive is used.

9.7.J Seam Preparation

The GeQsynthetic QAC shall verify that prior to seaming, the seam area is clean and free of
moisnlre, dusty din, debris or foreign material of any kind. If seam overlap grinding is
required, the Geosynthetic QAC must ensure that the process is completed according to the
Manufacturer's instructions within one hour of the se3m ing operation, and in a way that does
not damage the geomembrane. The Geosynthetic QAC shall also verify that seams are aligned
with the fewest possible number of wrinkles and "fuhmouths".• CW1\-(
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9.7.4 Trial Seams

Trial seams shall be made on fragment pieces of geomembrane liner to verifY that conditions are
adequate for production seaming. Such trial seams shall be made at the beginning of each
seaming period, and at least once each five hours, for each production seaming apparatus used
that day. Each seamer shall make at least one trial seam each day. Trial seams shall be made
under the same conditions as actual seams. At the discretion of the Geosythetics QAC, trial
seams may be Destructive Seam Tested as described in Section 9.9 in place of actual welded
seams at the primary to secondary geomembrane seam locations in the anchor trench.

The trial seam sample shall be at least 5 ft (1.6 m) long by I ft (0.3 m) wide (after seaming) with
the seam centered lengthwise. Seam overlap shall be as indicated in Section 9.6.2.

Two specimens shall, be cut from the sample with a I in. (25 mm) wide die. The specimens shall
be cut by the Installer at locations selected randomly along the trial seam sample by the
Geosynthetic QAC. The specimens shall be tested in peel using a field tensiometer. The
tensiometer shall be capable of maintaining a constant jaw separation rate of two inches per
minute. They should not fail in the seam as described in Section 9.9.5. If a specimen fails, the
entire operation shall be repeated. If the additional specimen fails, the seaming apparatus and
seamer shall not be accepted and shall not be used for seaming until the deficiencies are corrected
and two consecutive successful trial welds are achieved. The Geosynthetic QAC shall observe all
trial seam procedures.

The remainder of the successful trial seam sample shall be cut into three pieces, one to be
retained in the Project Manager's archives, one to be given to the Installer, and one to be retained
by the Geosynthetic QAC for possible laboratory testing. Each portion of the sample shall be
assigned a number and marked accordingly by the Geosynthetic QAC, who shall also log the
date, hour, ambient temperature, number of seaming unit, name of seamer, and pass or fail
description.

If agreed upon between the Project Manager and the LGM, and documented by the LGM in his
daily report, the remaining portion of the trial seam sample can be subjected to destructive testing
as indicated in Section 9.9.6. If a trial seam sample fails a test conducted by the Geosynthetic
QAL, then a destructive seam test sample shall be taken from each of the seams completed by the
seamer during the shift related to the subject trial seam. These samples shall be forwarded to the
Geosynthetic QAL and, if they fail the tests, the procedure indicated in Section 9.9.7 shall apply.
The conditions of this paragraph shall be c~nsidered satisfied for a given seam if a destructive
seam test sample has already been taken.

9.7.5 General Seaming Procedures

During general seaming, the Geosynthetic QAC shall be cognizant of the following:

I. If required, a firm substrate shall be provided by using a flat board, a conveyor belt, or similar
hard surface directly under the seam overlap to achieve proper support.

2. Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge of the wrinkle in
order to achieve a flat overlap. The cut fishmouths or wrinkles shall be seamed and any
portion where the overlap is inadequate shall then be patched with an oval or round patch

CWM
QAM

9-10 Revise: Date Approved

'. ;, J :2 2uD2



•

•

of the same geomembrane extending a minimum or" 6 in. (t 50 mm, beyond the cut 'in' all .

directions.
3. If seaming operations are c::uned out at night, adequate illumination shall be prOVided.

4. Saming shall extend to the outside edge of panels placed in the anchor trench.

5. All cross SQID te~s should be exuusion welded to a minimum disrance or" 4 in. (lOO mm J

on each side of the tee.

6. No field SQIDing shall tJ..ke place witham the Master S~:uner being present.

The Gcosynthetic QAC shall verify that the above se:uning procedures (or any other procedures

agreed upon and indicated in the project QMO are followed . .1I1d shall inform th~ Project

Manager of any nonconformance.

9.7.6 Seaming \Veather Conditions

9.7.6.1 Nonnal Wealher CondiIions

The nonnal required weather conditions for se:uning are as follows:

1. :\mbient tempenrure between 32°F (O°C) and 104°F (40°C) or sheet tempenrure less than

122°F (50°C) unless otherwise authorized bv owner.

2. Dry conditions. i.e. no precipitation or othe; excessive moisrure. such as fog or dew.

J. No excessive winds (excessive winds exceed 20 mph).

The LGM shall verity that these weather conditions are fulfilled and notify the Project ),{anager

in writing if they are not. Ambient temperarure shall be me:lSured by the Gcosynrhetic QAC in

the area in which the panels are to be placed. The Project Manager will then decide if the

installation is to be stopped or special procedures are to be used.

9.7.6.2 Cold WetUher Conditions

To ensure a quality insta.l.larion. if seaming is conducted when the ambient temperarure is below

3ZOF (DOC), the following conditions shall be met:

1. G~membrane surface temperarures shall be determined by the G~synthetic QAC at

intervals of at least once per 100ft of seam length to determine if preheating is required.

For exnusion welding, preheating is required if the surface temperarure of the geomembrane

is below 32-F (O°C).

2. Preheating may be waived by the Project Manager based on a recommendation from the

LGM. if the Installer demoI1Str.UeS to the LGM's satisfaction that welds of equivalent quality

may be obtained without preheating at the expected temperature of installation.

3. If preheating is required. the Geosynthetic QAC shall inspect all areas of geomembrane that

have been preheated by a hot air device prior to seaming, to ensure that they have not been

overheated.
4. Care shall be ta.kcn to confirm that the surface temperatures are not lowered below the

minimum surface temperatures specified for welding due to winds or other adverse

conditions. It may be necessary to provide wind proteetion for the seam area.
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5. A.1I preheating devices shall be approved prior to use by the Project Manager.

6. A.dditional destructive tests (as described in Section 9.9) shall be taken at an interval between

500 ft and 250 ft of seam length. at the discretion of the LGM.

7. Sheet grinding may be performed before preheating, if applicable.

8. Trial seaming, as described in Section 9.7.4. shall be conducted under the same ambient

temperature and preheating conditions as the acrual seams. Under cold weather conditions. new

trial seams shall be conducted if the ambient temperature drops by more than 10°F from the

initial trial seam test conditions. Such new seams shall be conducted upon completion ofseams

in progress during temperature drop.

9.7.6.3 Warm Weather Conditions

At sheet temperatures above I22 Q F or ambient temperature above 104°F. no seaming of the

geomembrane shall permined unless the Installer can demonstrate to the satisfaction of the Project

Manager that geomembrane seam quality is not compromised.

Trail seaming. as described in Section 9.7.4. shall be conducted under the same ambiem temperature

conditions as the acnml seams.

At the option of the Geosynthetic QAC. additional desuuctive tests (as described in Section 9.9) may

be required for any suspect areas.

9.8 NONDESTRUCTIVE SEAM TESTING

• 9.8.1 Concept

The Installer shall nondestructively test all field seams over their tulliength using a vacuum test uniL

air pressure test (for double fusion seams only), or other approved method (which shall be chosen

by the Contractor and approved by the CQA Engineer and the NYSDEC prior to its use). Vacuum

testing and air pressure testing are described in Sections 9.8.2 and 9.8.3. respectively. The purpose

of nondestructive tests is to check the continuity of the Se:m1S. It does not provide quantitative

intormation on seam strength. Nondestructive testing shall be carried out as the seaming work

progresses, not at the completion ofaU field seaming.

For all seams, the Geosynthetic QAC shall:

1. Observe nondestructive testing procedures.

2. Record location, da~ test unit number, name of tester, and outcome ofall testing.

3. Visually inspect all tests.

4. Inform the Installer and Project Manager of any required repairs.

Any seams that cannot be nondestructive tested shall be cap-stripped with the same geomembrane.
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The cap-stripping operations shall be observed by the Geosymheric QAC and Installer for uniformity
and completeness

• The spark test method may be used for nondestructive testing of extrusion welds associated with
HDPE pipe boots.

9.8.2 Vacuum Testing

The following procedures are applicable to vacuum testing.

•

•
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• 1. The equipment shall consist of the following:

a. A vacuum box assembly consisting of a rigid housing, a transparent viewing window,
a soft neoprene gasket attached to the bottom, a porthole or valve assembly, and a
vacuum gauge.

b. A pump assembly equipped with a pressure controller and pipe connections.
c. A rubber pressure/vacuum hose with firrings and connections.
d. A soapy solurion.
e. A bucket and wide paint brush, or other me3JJS of applying the soapy solution.

2. The following procedures shall be followed:

a.

b.

c.
d.
e.
f.

a
O'

• h.

Energize the vacuum pump and reduce tbe applied pressure to approximately 5 psi
(10 in. of Hg/35 kPa) gauge.
Wet a strip of geomembrane approximately 12 in. by ~8 in. (0.3 m by 1.2 m) with me
soapy solution.
Place the box over the wetted area.
Close the bleed valve and open the vacuum valve.
Ensure that a leak-tight seal is created.
For a period of not less than 10 seconds, apply vacuum and examine the geomembrane
through the viewing window for the presence of soap bubbles.
If no bubble appears after 10 seconds, close the vacuum valve and open the bleed. valve,
move the box over the next adjoining are:1 with a minimum 3 in. (75 mm) overlap, and
repeat the process.
All are:lS where soap bubbles appear shall be marked and repaired in accordance with
Section 9.10.3.

9.8.3 Air Pressure Testing

The following procedures are applicable to double fusion welding which produces a double seam
with an enclosed space.

1. The equipment shall consist of the following:

a. An air pump (manual or motor driven), equipped with pressure gauge capable of
generating and sustaining a pressure between 24 and 35 psi (200 and 233 kPa) and
mounted on a cushion to protect the geomembrane.

b. A rubber hose with fittings and connections.
c. A sharp hollow needle, or other approved pressure feed device.

2. The following procedures shall be followed:

a. Seal both ends of the seam to be tested.
b. Insert needle or other approved pressure feed device into the air channel created by the

fusion weld.
c. Insert a protective cushion between the air pump and the geomembrnne.
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d. Pressurize the air channel to a pressure of approximately 30 psi (200 kP:l). Close valve,
allow 2 minutes for pressure to stabilize, and sustain pressure for llleJ.St 5 minures. See
TechniC:l1 Specifications Sections 02400 and 02401 Pan 304(q.

e. If loss of pressure exceeds the ma.:llinum pennissible pressure differential as outlined in
the project speciiiCltions or does nm stabilize, IOCJ1e faulty~ and repair in accordance
with Section 9.10.3.

f. Cut opposite end of tested seam area once testing is completed to verify continuity of the
air channel. If air does not escape, locate blockage and retest unpressurized are:l. SC:lITI
the cut end of the air channel.

g. Remove needle or other approved pressure feed device and seal the hole in the
geomembrane.

9.8.4 Test Failure Procerlures

The Installer shall complete any required repairs in accordance with Section 9.10. For repairs,
me Gecsynthetic QAC shall:

1. Observe the repair and testing of the repair.
2. .Mark on the geomembrane that the repair has been made.
3. Document the repair procedures and test results. -

9.9 DESTRUCTIVE SEAM TESTING

9.9.1 Concept

Desnucti.ve seam tests shall be performed at selected locations. The purpose of these tests is
to evaluate seam strength. Seam strength testing shall be done as the seaming work progresses,
not at the completion of all field seaming.

9.9.2 Location and Frequency

The Geosynthetic QAC shall select locations where seam samples will be cut out for laboratorj
testing. Those locations shall be established as follows:

1. A minimum frequency of one test location per 500 ft (150 m) of seam length performed by
each welder. This minimum frequency is to be determined as an average taken throughout
the entire facility.

2. Test locations shall be determined during seaming at the Geosynthetic QAC's discretion.
Selection of such locations may be prompted by suspicion of overheating, contamination,
offset welds, or any other potential cause of imperfect welding.

The Installer shall not be informed in advance of the locations where the seam samples will be
taken.
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9.9.3 Sampling Procetiure:s

• Samples shall be Cut by the Insr.aller JtlOC:J.tions cboS<'::l by the ~synthetic QAC as the s~g

progresses so th.at labor.uory test results are available before the geomemor.lI1e i.s covered by

another material. The Gcosvmhetic QAC shall:

1. Observe sample cutting.

2. Assign a number c.o e:J.ch sample, and mark it ac::orcingiy.

3. Record sample location on layOut drawing.

4. Record re::l.Son for taking the s.amole at this location (e.g., sutisric:l1 routine, suspicious

fearure of the g~membrane).

5. Examine samples for holes, grooves, melt through, wavering welds, unusual weld width, and

any other unUSU41 characteristics.

All holes in the g~membrane resulting from desuuctive S~ sampling shall be immedi.G.rely

repaired. in accorciance with repair procedures described in Section 9.10.3. The continuiry of

the new se:lffiS in the n:pai..red a...re:l shall be tested according to Section 9.8.2.

9.9.4 Sample Dimensions

•
At e::u:h sampling locarion, two types of samples shall be taken by the Installer. FlI'St, two

samples for field testing should be taken. Each of these samples shall be cut with a 1 in.

(25 mm) wide die, with the seam centered par.illel c.o the width. The distance between these two

samples shall be 42 in. (1.1 m). If both samples pass the field test described in Section 9.9.5,

a sample for labor.uory testing shall be t:a.ken..

The sample for labor.ttory testing shall be located between the samples for field testi.ng. The

sample for Iabo1'3IOry testing sball be 12 in. (0.3 m) wide by 42 in. (1.1 m) long with the seam

centered lengthwise. The sample shall be cut into three parts and dism1Juted as follows:

1. One portion to the Installer for optionallabor.uory testing, 12 in. by 12 in.

(0.3 m by 0.3 m)
2. One portion for Geosynthetic QAL ~g, 12 in. by 18 in. (0.3 m by 0.5 m) and

3. One portion to the Project Manager for archive storage, 12 in. by 12 in. (0.3 m by 0.3 m).

Fmal determination of the sample s~ sball be made at the pre-eonstIUction meeting.

9.9.5 Field Testing

The two 1 in. (25 mm) wide strips mentioned in Section 9.9.4 and Section 9.7.4 shall be tested

in the field using a tensiometer for peel adhesion and shall not fail accortiing to the criteria in

the project specificatiOtLS. The tensiometer shall be capable of maintAining a constant jaw

separation rate of two inches per minute. If the test passes in accordance with this sectioo, the

sample qualifies for testing in the laboratOry. If it fails, the seam should be repaired in

accordance with Section 9.9.7. Fmal judgement regarding seam acceptability, based 00 the

failure criteria.~ with the LGM:.
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The Geosynthetic QAC shall witness all field tests and mark all samples and poruons with their number

The Geosynthetic QAC shall also log the date and time, ambient temperature, number of seaming unit.

name of seamer, welding apparatus temperatures and pressures. and pass or fail description. and attach a

copy to each sample portion

9.9.6 Laboratory Testing

Destructive test samples shall be packaged and shipped. if necessary, under the responsibility of the

Geosynthetic QAC in a manner which will not damage the test sample. The sample shall be shipped as

soon as possible to expedite laboratory testing. The Project Manager will be responsible for storing the

archive samples. Test samples shall be tested by the Geosynthetic QAL.

Testing shall include "Seam Shear Strength" and Peel Adhesion", These terms along with minimum

acceptable values shall be defined in the project specifications, At least five specimens shall be tested in

each shear and peeL Specimens shall be selected alternately by test from the samples (ie., peel, shear.

peel, shear .. ). A passing test shall meet the minimum acceptable values in at least four of the five

specimens tested for each method.

The Geosymhetic QAL shall provide verbal test results no more than 24 hours after they receive the

samples. The LGM shall review laboratory test results as soon as they become available, and make

appropriate recommendations to the Project Manager.

9.9.7 Destructive Test Failure Procedures

The following procedures shall apply when a sample fails a destructive test, whether that test is

• conducted by the geosynthetic QAL, or by field tensiometer. The Installer has two options:

1. The Installer can repair the seam between any two passing destructive test locations.

2. The Installer can trace the welding path to an intermediate location 10ft (3 m) minimum from the

point of the failed test in each direction and take a sample with a 1 in. (25 rum) wide die for an

additional field test at each location. If these additional samples pass the test, then full laboratory

samples are taken. If these laboratory samples pass the tests, then the seam is repaired between

these locations. Ifeither sample fails, then the process is repeated to establish the zone in which

the seam should be repaired.

All acceptable repaired seams shall be bound by two locations from which samples passing laboratory

destructive tests have been taken. Passing laboratory destructive tests taken as indicated in Section 9.9

may be used as a boundary for the failing seam. In cases exceeding 150 ft (50 m) of repaired seam, a

sample taken from the zone in which the seam has been repaired must pass destructive testing. Repairs

shall be made in accordance with Section 9.10.3.

The Geosynthetic QAC shall document all actions taken in conjunction with destructive test failures. No

installation of material above the HDPE geomembrane shall be done until
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destructive testing for that section is completed and accepted by the geosynthetic QAC and test
results delivered to NYSDEC engineer.

9.10 DEFECTS AND REPAIRS

9.10.1 Identification

All seams and non-seam areas of the geomembrane shall be examined by the Geosyntheric QAC
for identification of defects, holes, blisters, undispersed raw materials, and any sign of
contamination by foreign matter. Because light reflected by the geomembrane helps to detect
defects, the surface of the geomembrane shall be clean at the time of examination. The
geomembrane surface shall be cleaned by the Installer if the Geosynthetic QAC determines that
the amount of dust or mud inhibits examination.

9.10.2 Evaluation

Each suspect location both in seam and non-seam areas shall be nondestructively tested using the
methods described in Section 9.8. Each location which fails the nondestructive testing shall be
marked by the Geosynthetic QAC and repaired by the Installer. All defects found during testing
shall be numbered and marked immediately after detection. Work shall not proceed with any
materials which will cover locations which have been repaired until appropriate nondestructive
and laboratory test results with passing values are available.

9.10.3 Repair Procedures

Any portion of the geomembrane exhibiting a flaw, or failing a destructive or nondestructive test,
shall be repaired. Several procedures exist for the repair of these area. The final decision as to the
appropriate repair procedure shall be agreed upon between the Project Manager, Installer, and
LGM.

I. The repair procedures available include:

a. Patching, used to repair large holes, tears, undispersed raw materials, and
contamination by foreign matter.

b. Patching, used to repair smaIl tears, pinholes (less than or equal to 1/16"), or other
minor, localized flaws.

c. Capping, used to repair large lengths of failed seams.
d. Extrusion welding the flap shall not be allowed.
e. Removing bad seam and replacing with a strip of new material welded into place.

2. For any repair method, the following provisions shall be satisfied:

a. Surfaces of the geomembrane which are to be repaired using extrusion methods shall
be ground no more than one hour prior to the repair.

b. All surfaces shall be clean and dry at the time of the repair.

CWM
QAM

9-17 Revised: Date Approved



•

•

c. All seaming equipment used in repairing procedures shall meet the requirements of the
project QAt\{.

d. Patches or caps shall be of the same geomembrane thickness and numbe:ed. Extend at
1e::tSt 6 in. (150 mm) beyond the edge of the defect. All corners of patches shall be
rounded with a radius of approximately 3 in. (75 mm).

9.10.4 Repair Verific:ltion

The Geosynthetic QAC shall observe all nondestructive testing of repairs and shall record the
number of each repair, date, and test outcome. Each repair shall be nondestnlctiveIy tested
using the methods described in Section 9.8 as appropriate. Repairs which pass the
nondestructive test shall be taken as an indication of an adequate repair. Repairs more rhrm
150 ft (50 m) long require destructive test sampling, at the discretion of the LG1-L Failed tests
indicate that the repair shall be redone and retested until a passing test results.

9.10.5 Large \Vrinkles

When seaming of the geomembrane is completed, and prior to placing overlying materials, the
LGM shall indicate to the Project ~fanager which wrinkles should be cut and reseamed by the
Installer. Also, LGM shall indicate to the Project Manager which areas are in tension (bridging
or trampoline effect) should be cut and repaired by the Installer. The number of wrinkles and
trampolines to be repaired should be kept to an absolute minimum. Therefore, wrinkles aild
trampolines should be locued during the coldest part of the installarion period, while keeping
in mind the foreosted weather to which the uncovered geomembrane may be exposed. Wrinkles
are considered to be large when the geomembrane can be folded over on to itself. This is
generally the case for a wrinkle that extends 12 inches from the subgrade. Trampolines are
considered for repair when the geomembrane is 9 inches above the clay liner. Seams produced
while repairing wrinkles or trampolines shall be tested as outlined above.

When placing overlying material on the geomembrane, every effort mUst be made to minimize
wrinkle development. If possible, cover should be placed during the coolest weather available.
In addition, small wrinkles should be isolated and covered as quickly as possible to prevent their
growth. The placement of cover materials shall be observed by the Geosynthetic QAC to ensure
that wdnk1e formation is minimized.

9.11 GEOl.\'IEMBRAJ.'ffi PROTECTION

The quality assurance procedures indicated in this Section are intended only to assure that the
installation of adjacent materials does not damage the geomembrane. No installation of materials
above the geomembrane shall proceed until all geomembrane testing has been completed for that
segment. The quality assurance of the adjacent materials themselves are covered in separate
sections of this manual.
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9.11.1 Soils

A copy of the specifications prepared by the Designer for placement of soils shaH be given to'the LGMby
the Project Manager. The LGM shaH verify that these specifications are consistent with the state-of
practice such as:

Placement of soils on the geomembrane shall not proceed at an ambient temperature below
32°F (O°C) nor above 104°F (40°C) unless written approval is obtained from Project Manager.
Placement of soil on the geomembrane should be done during the coolest part of the day to
minimize the development of wrinkles in the geomembrane.
A geotextile or other cushion approved by the Designer is generally required between aggregate and
the geomembrane.
Equipment used for placing soil shall not be driven directly on the geomembrane.
A minimum thickness of I ft (0.3m) ofsoil is specified between a light dozer or equipment wheel
pressure of 5 psi (or lighter) and the geomembrane.
In any areas traversed by any vehicles other than low ground pressure vehicles approved by the
Project Manager, the soil layer shall have a minimum thickness of3 ft (0.9 m). This requirement may

be waived if provisions are made to protect the geomembrane through an engineered design. Drivers
shall proceed with caution when on the overlying soil and prevent spinning of tires or sharp turns.

The QAC shall measure soil thickness and verify that the required thicknesses are present. The
Geosynthetic QAC must also verify that final thicknesses are consistent with the design and verify that
placement of the soil is done in such a manner that geomembrane damage is unlikely. The LGM shall
inform the Project Manager if the above conditions are not fulfilled.

9.11.2 Concrete

• A copy ofthe specifications prepared by the Designer for placement ofconcrete shall be given by the
Project Manager to the Geosynthetic QAC. The Geosynthetic QAC shall verify that these specifications
are consistent with the state-of-praetice, including the use ofgeosynthetic layers between concrete and
geomembrane. The Geosynthetic QAC shall verify that geosynthetic layers are placed between the
concrete and the geomembrane according to design specifications. The Geosynthetic QAC will also
verify that construction methods used are not likely to damage the geomembrane.

9.11.3 Sumps and Appurtenances

A copy ofthe plans and specifications prepared by the Designer for sumps and appurtenances shall be
given by the Project Manager to the Geosynthetic QAC. The Geosynthetic QAC shall review these plans
and verify that:

1. Installation of the geomembrane in sump and appurtenant areas, and connection of geomembrane to
sumps and appurtenances have been made according to specifications.
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2. E;ttrcme can: is ta.Ia:n while welding around appurte::1:Ulces since neither non-destrucrive nor
destructive testing may be fe:lSible in these :rn:::lS.

3. The geomembrane has not been visibly d.am.aged while making connections to sumps and
appurtenances.

4. A representative of the Geosynthetic QAC shall be present at all times when the installer is
welding geomembrane to a:ppunenam srrucmn:s.

The Geosymhetic QAC shall inform the Project Ma.na.gcr in writing if the above ronditions are
not fulfilled.
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10.0 GEOTEXTILES

10.1 DEFINITION AND APPLICABILITY

Geotextiles are used in cushioning and fIltering applications in lining systems. This section does
not describe procedures for other applications such as erosion control or reinforcement.

TItis section is applicable to nonwoven geotextiles made of polyester or polypropylene and not
applicable to nonwoven geotextiles made of other materials or woven geotextiles.

10.2 l\1.ANUFACTURING PLANT INSPECTION

CWM will conduct a periodic inspection of the Manufacturer's plant. In addition, the Project
Manager, or his designated representative, may visit the manufacruring plant for a project
specific inspection if deemed necessary. If possible. the project-specific inspection shall be prior
to or during the manufacturing of the geotextile rolls for that panicular project. The purpose
of the plant inspection is to review the manufacturing process and qualicy control procedures.

The manufacturing plant inspection shall include:

Verification that properties guaranteed by the Manufacrurer meet all CWM and/or project
specifications.
Verification that the measurement of properties by the ManufactUrer is properly documented
and test methods used are acceptable.
Spot inspection of the rolls and verification that they are free of imperfections or any sign
of contamination by foreign matter.
Review of packaging, handling, stOrage, and transportation procedures and verification that
these procedures will not damage the geotextile.
Verification that roll packages have a label indicating the name of the manufacrurer, type of
geotextile, roll number, and roll" dimensions.
Verification that the geotextiles arc inspected continuously for the presence of needles using
a metal detector.

A report describing the inspection will be retained by C\VM for periodic inspections and by the
Project Manager for project·specific inspections.

10.3 QUALITY CONTROL DOCUMENTATION

Prior to the installation of any geotextile, the Manufacturer or Installer sball provide the Project
Manager with the following information:

1. The origin (re3in supplier's name and resin production plant) and identification (brand name
and number) of the resin used to manufacture the geotextile.

2. Copies of dated quality control certificates issued by the resin supplier.
3. Reports on testS conduetedby the Manufacrurer to verify that resin used to manufacture the

geotextile meets the Manufacrurer's resin specifications.
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4. Reports on quality control tests conducted by the Manufacturer to verify that the geotextile
manufactured for the project meets the project specifications.

5. Documentation shall be provided to prove that the reclaimed polymer added less than or
equal to 2%, to the resin during manufacturing was done with appropriate cleanliness.

6. A list of the materials which comprise the geotextile, expressed in the following categories
as percent by weight: base polymer, carbon black, other additives.

7. A specification for the geotextile, which includes all properties published by the
Manufacturer, measured using the appropriate test methods.

8. Written certification that minimum roll values given in the specification are guaranteed by
the Manufacturer.

9. For non-woven geotextiles, written certification that the Manufacturer has continuously
inspected the geotextile for the presence of needles and found the geotextile to be
needle-free.

10. Quality control certificates, signed by a responsible party employed by the Manufacturer. The
quality control certificates shall include roll identification numbers, testing procedures and
results of quality control tests. At a minimum, results shall be given in accordance with the
Technical Specifications for:

a. Mass per unit area (ASTM 03776, 05261).
b. Grab strength (ASTM 04632).
c. Trapezoidal tear strength (ASTM 04533).
d. Burst strength (ASTM 03786).
e. Puncture strength (ASTM 04833).
f. UV resistance (ASTM 04355).
g. Filtration (ASTM 04751).
h. Permeability (ASTM 04491).

Quality control tests listed above as a, b, c, d, & e shall be performed for at least every 100,000
tr (10,000 m2

) of geotextile produced. Only Manufacturer quality control certificates that include
roll testing procedures and results of quality control tests are required for tests listed above as f,
g,&h.

The Manufacturer shall identify all rolls of geotextiles with the following:
1. Manufacturer's name.
2. Product identification.
3. Roll number.
4. Roll dimensions.
5. Mark rolls with special instructions when required (i.e., this side up, etc.)

The LGM shall review and approve in writing these documents and shall report any
discrepancies with the above requirements to the Project Manager. The LGM shall verify that:

1. Property values certified by the Manufacturer meet all of its guaranteed specifications.
2. Measurements of properties by the Manufacturer are properly documented and that the test

methods used are acceptable.
3. Quality control certificates have been provided at the specified frequency for all rolls, and that

each certificate identifies the rolls related to it.
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•
4. Roll packages are appropriately labeled.
5. C~rtified minimum roll properties meet the project specifiCJ.rions .
6. Verify that project specifiCJ.rions were submitted by the Project ~fanager to the Installer.
7. C~rtificJ.rion of less than 2% reclaimed polymer added.

lOA CONFOR..Y~~CETESTL.'iG

Upon delivery of the rolls of geotextiles, the Geosynthetic QAC shall visually ensure tbat
conformance test samples are obtained for the geotextile. These samples shall then be for.varded
to the Geosynthetic QAL for testing to ~nsure conformance with the projec: specifications.

At a minimum, the following conformance tests shall gene:ally be performed on geotextiles:

1. ~fass per unit area.
2. Grab strength.
3. Trapezoidal tear strength.
4. Burst strength.
5. PunctUre strength.
6. Filtration.
7. Permeability .

These conformance tests shall be performed in accordance with the test methods specified in the
project specifications. Other conformance tests may be required by the Designer.

• 10.4.1 Sampling Procedures

The roils to be sampled shall be selected by the Geosyntheric QAC. Samples shall be Llke:l
across the entire width of the roll and shall not include the tint complete revolution of fabric
on the roll. Samples shall not be taken from any portion of a roll which has been subjected [(:
excess pressure or stretching. Unless otherwise specified, samples shall be 3 ft (1 m) long by
the roll width. The Geosynthetic QAC shall mark the machine direction on the samples with
an arrow. All lots of material and the particular test sample that represents each lot should be
defmed before the samples are taken.

A lot shall be defined as a group of consecutively numbered roils from the same manufacruring
line. Alternatively, a lot may be designated by the Geosynthetic QAC based on a review of all
roll information including quality concrol documentation and manufacruring records.

Samples shall be taken at a rate of one per lot, or at a minimum of one conformance test per
100,000 tr (10,000 m~ of geotextile.

10.4.2 Test Results

All conformance test results shall be reviewed and material accepted or rejected by the LGM
prior to the deployment of the geotextile.
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• The LGM shall examine all results from laboratory conformance testing and shall report anynonconfonnance to the Project Manager. The LGM shall be responsible for checking that :illtest results meet or exceed the properry values listed in the project specifications. Materials androUs which are in non-eompliance shall be rejected.

If the ;yfanufacrurer has reason to believe that failing tests may be the result of the GeosvntheticQAL incorrectly conducting the tests, the ~fanufactUrer may request that the sample in questionbe retested by the Geosynthetic QAL with a technical representative of the Manufacrurer presentduring the testing. This retesting shall be done at the expense of the Manufacrurer.Alternatively, the ManufactUrer may have the sample retested at two differeot CW1-f approvedG:osynthetic QALs at the expense of the rvfanufactUrer. If both laboratories produce passingresults, the material shall be accepted. If both laboratories do not produce passing results, thenthe original G:osynthetic QAL's test results shall be accepted. The use of these procedures fordealing with failed test results is subject to the approval of the Project Manager.

If a test fP'-sult is in nonconformance, all matefJAl from the lot represented by the failing testshould be considered out of specification and rejected. Alternatively, at the option of the ProjectManager, additional conformance test samples may be taken to "bracket" the portion of the lotnot meeting specification (note that this procedure is valid only when all rolls in the lot arecoosecutively produced and numbered from one manufactUring line). To isolate the out ofspecification material, additional samples must be taken from rolls that have roll numbersimmediately adjacent to the roll that was sampled and failed. If both additional tests pass, theroll that represents the initial failed test and the roll manufactured immediately after that roll(next larger roll number) shall be rejected. If one or both of the additional tests fail, tb.e~ ~~entire loc shall be rejected or the procedure repeated with two additional tests that bracket agreater number ofroUs within the lot.

10.5 GEOTEXTILE DEPLOThfENT

During shipment and storage, the geotextile shall be protected from ultraviolet light exposure,precipitation or other inundation, mud, dirt, dust, puncture, cutting, or any other damaging ordeleterious conditions. Geotextile rolls shall be shipped and stored in relatively opaque andwatertight wrappings. Wrappings shall be removed shortly before deployment.
The Geosyntbetic QAC shall obsexve rolls upon delivery at the site and any deviation from theabove requirements shall be reported to the Project Manager.

The Installer shall handle all geotextiles in such a manner as to ensure they are not damaged inany way, and the following shall be complied with:

1. On slopes, the geocextiles shall be securely anchored and then rolled down the slope in sucha manner as to continually keep the geotextile sheet in tension.
2. In-the presence of wind, all geotextiles shall be weighted with sandbags or the equivalent.

Such sandbags shall be installed during deployment and shall remain until replaced withcover material. Project Manager will approve source of sand used (well graded clean sand).
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3. Geotextiles shall be cut using a geotextile cutter (hook blade) only. If in place, special care shall be
taken to protect other materials from damage, which could be caused by the cutting of the
geotextiles.

4. The Installer shall take any necessary precautions to prevent damage to underlying layers during
placement of the geotextile.

5. During placement of geotextiles, care shall be taken not to entrap in or beneath the geotextile: stones;
excessive dust; or moisture that could damage the geomembrane or may cause clogging of drains or
filters or hamper subsequent seaming.

6. A visual examination of the geotextile shall be carried out over the entire surface, after installation,
to ensure that no potentially harmful foreign objects, such as needles, are present.

7. Geotextile shall be placed and anchored in the manner and locations shown on the drawings. Any
modifications to geotextile placement must be approved by the Project Manger.

8. The geotextile shall be protected at all times during construction from contamination by surface
runoff and any fabric so contaminated shall be removed and replaced with uncontaminated fabric.

The Geosynthetic QAC shall note any non-compliance and report it to the Project Manager.

10.6 SEAMING PROCEDURES

Geotextiles shall be overlapped a minimum of 3 in. (75 mm)prior to seaming. In general, no horizontal
seams shall be allowed on side slopes greater than IOH: IV (i.e., seams shall be along, not across, the
slope), except as part ofa patch.

All geotextiles shall be continuously sewn. Spot sewing is not allowed.

The Installer shall pay particular attention at seams to ensure that no earth cover material could be
inadvertently inserted beneath the geotextile, if applicable.

Securing pins will not be used in geotextile installation. Sewing shall be done using polymeric thread
with chemical and ultraviolet light resistance properties equal to or exceeding those of the geotextile.
Sewing shall be done using machinery and stitch types specified in the project specifications or as
approved in writing by the Project Manager and the LGM.

As an option, the geotextile may be overlapped and heat leistered in limited areas approved by the CQA
Engineer and NYSDEC. When the Contractor has demonstrated sewing is not feasible based on field
conditions, an alternative method will be to overlap the existing geotextile onto the new geotextile a
minimum of 12 inches and continuously heat leister the two pieces together. If any bum holes are
detected, the bum hole will have to be patched with a minimum overlap of 12 inches and continuously
heat leistered.

10.7 DEFECTS AND REPAIRS

Any holes or tears in the geotextile shall be repaired as follows:

On slopes, a patch made from the same geotextile shall be sewn into place in accordance with the project
specifications. Should any tear exceed 10% of the width of the roll, that roll shall be removed from the
slope and replaced.

On non-slope areas, a patch made from the same geotextile shall be sewn into place with a minimum of
12-inch overlap in all directions.
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Care shall be taken to remove any soil or other material which may have penetrated the torngeDtextile.

The G~synthetic QAC shall observe any repair and report any noncompliance with the aboverequirements in writing to the Project ~fanager.

10.8 GEOTE.."TI1LE PROTECTION

All soil materials locned on top of a geDtextile shall be deployed in such a manner as to ensure:

1. The geDtextile and underlying lining materials are not damaged.
2. :Minimal slippage of the geDtextile on underlying layers occurs.
3. No excess tensile stresses occur in the geDtextile.

Granular materials shall be placed on geotextiles over the prepared area. During backdumpingand spreading, a minimum depth of I-foot of granular material shall be maintained at all timesbetween the fabric and wheels of trucks or spreading equipment. All equipment used inspreading or traveling on the I-foot layer for any reason shall exert a pressure of less than 63 psi
to the underlying geDtextile using a 2(H): 1(V) stress distribution. Dozer blades, etc. shall notmake direct contaCt with the fabric; however, if te:lrS occur in the fabric during the spreadingoperation, the granular material shall be cleared from the fabric and the damage area repairedas previously described.

Large fabric wrinkles which may develop during the spreading operations shall be folded an":flattened in the direction of the spreading.

Unless otherwise specified by the Designer, all lifts of soil material shall be in conformance withthe guidelines given in Section 9.11.1.

Any noncompliance shall be noted by the GeDsynthetic QAC and reported to the ProjectManager.
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• 11.0 GEOt't""ETS

11.1 DE.FDiTTION Ai'ID APPUCABILITY

G~nets consist of drainage nets us~ in lining systems. This section is applicable to geone~s

made of HDPE, including ·foam~" EDPE products and is not appliClble to geonet made of
other polymers.

11..2 :\-!AJ.'I1.;""FACl1.;"RING P~'IT INSPECTION

CWY! will conduct a periodic inspection of the manufactUrer's plant. In addition, the Proje:::::
~1a.nager, or his designated representative, may visit the manufacmring plant for a projec~

specific inspection if deemed necessary. If possible, the project-specific inspection shall be prior
to or during the manufacturing of the geonet rolls for that panicular project. The purpose of
the inspection is to review the rnanufacruring process and qualiry cootrOl procedures.

The rnanufacruring plant inspection shall include:

Verification that properties guaranteed by the i\tlanufacmrer meet all project specifications.
Verification that the measurement of properties by the Manufacturer is properly documented
and test methods used are acceptable.
Spot inspection of the rolls and verification that they are free of imperfections or any sign
of contaminarion by foreign maner.
Review of packaging, handling, stOrage, and transportation procedures and verification that
these proc~ures will not damage the geonet.
Verification that roll packages have a label indicating the name of the rnanufacrurer, type of
geone!, roll number, and roll dimensions.

A report describing the inspection will be retained by CWM: for periodic inspections and by the
Project Manager for project-specific inspections.

11..3 QUALITY CONTROL DOClTh1ENTATION

Prior to the insullarion of any geonet, the Manufacturer or Installer shall provide the Project
Manager with the following information:

1. The origin (sUpplier's name and production plant) and identification (brand name and
number) of the resin.

2. Copies of dated quality control certificates issued by the resin supplier.
3. Results of tests conducted by the Manufacturer to verify that the resin used to manufacture

the geonet meets the project specifications for melt flow index and density.
4. A certification indicating that the amount of reclaimed polymer added to the resin during

manufacturing was done with appropriate cleanliness and for geonet used for leachate
collection applications, did not exceed 2 % by weight.

5. A list of the rnaterials which comprise the geonet, expressed in the following categories as
percent by weight: polyethylene, carbon black, other additives.• CWM
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• 6. A specification for the geonet which includes all properties contained in the project
specifications measured using the appropriate test methods.

7. Written certification that minimum values given in the specification are guaranteed by the
Manufacturer.

8. Quality control certificates, signed by a responsible party employed by the Manufacturer. The
quality control certificates shall include roll identification numbers, sampling procedures and
results of quality control tests. At a minimum, results shall be given for

a. Density (ASTM D 1505).
b. Mass per unit area (ASTM D3776, D5261).
c. Thickness (ASTM DI777, D5199).
d. Carbon black content (ASTM D1603, D4218).
e. Tensile Strength (ASTM D 1682, D5035).
f. Transmissivity (ASTM D4716).

Quality control tests shall be performed in accordance with the test methods specified in the
project specifications for every 40,000 fe (4,000 m2

) of geonet produced.

The Manufacturer shall identify all rolls of geonets with the following:

I. Manufacturer's name.
2. Product identification.
3. Roll number.
4. Roll dimensions.

The LGM shall review and approve in writing these documents and shall report any discrepancies
with the above requirements to the Project Manager. The LGM shall verify that:

I. Property values certified by the Manufacturer meet all of its guaranteed specifications.
2. Measurements of properties by the Manufacturer are properly documented and that the test

methods used are acceptable.
3. Quality control certificates have been provided at the specified frequency for all rolls, and

that each certificate identifies the rolls related to it.
4. Roll packages are appropriately labeled.
5. Certified minimum properties meet the project specifications.

11.4 CONFORMANCE TESTING

Upon delivery of the rolls of geonet, the Geosynthetic QAC shall ensure that conformance test
samples are obtained for the geonet. These samples shall then be forwarded to the Geosynthetic
QAL for testing to ensure conformance to the project specifications.

CWM
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• At a minimum, the following tests shall be performed:

1. Density.
2. Mass per unit area.
3. Thickness.

These conformance tests shall be performed in accordance with the test methods ~ecified in the
project specifiotions. Other conformance tests may be required by the project specific:J.tions.
If a test result is in nonconformance, all material from the lot represented by the failing test
should be considered Out of specifiotion and rejected. Alternatively, at the option of the Project
~£anager, additional conformance test samples may be taken to "bracket" the ponion of the lot
not meeting specifiotion (note that this procedure is valid only when all rolls in the lot are
consecutively produced and numbered from one manufacturing line). To isolate the
out-of-specifiotion material, additional samples must be taken from rolls that have roll numbers
immediately adjacent to the roll that was sampled and failed. If both additional tests pass, the
roll that represents the initial failed test and the roll manufac:ured immediately after that roll
(next larger roll number) shall be rejected. If one or both of the additional tests fail, then the
entire lot shall be rejected or the procedure repeated with two additional tests that bracket a
greater number of rolls within the loc.

•
11.4.1 Sampling Procedures

The rolls to be sampled shall be sel~..ed by the Geosynthetic QAC. Samples shall be taken
across the entire width of the roll and shall not include the first 3 ft (1 m). Unless other.vLst>
specified, samples shall be 3 ft (1 m) long by the roll width. The Geosynthetic QAC shall mark
the machine direction on the samples with an arrow.

A lot shall be defined as a group of consecutively numbered rolls from the same manufacturing
line. Alternatively, a lot may be designated by the Geosynthetic QAC based on a review of all
roll information including quality concrol documentation and manufacruring records.

Samples shall be taken at a rate of one per lot, or at a minimum of one conformance test per
100,000 tr (10,000 m~ of geonet.

11.4.2 Test Results

All conformance test results shall be reviewed and material accepted or rejected by the LGM
prior to the deployment of the geonet.

The LGM shall examine all results from laboratory conformance testing and shall report any
nonconformance to the Project Manager. The LGM shall be responsible for checking that all
test results meet or exceed the property values listed in the project specifications.

NO'Jember 199211-3

If the ManufactUrer has reason to believe that failing tests may be the result of the Geosynthetic
QAL incorrectly conducting the tests, the Manufacturer may request that the sample in question

• be retested by the GeQsynthetic QAL with a technical representative of the Manufacturer present
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during the testing. This retesting shall be done at the expense of the Manufacturer.Alternatively, the Manufacrurer may have the sample retested at two different CV/?Yl approvedGcosynthetic QALs at the expense of the Nfanufacrurer. If both laboratories produce passingresults, the material shall be accepted. If both laboratories do not produce passing results, thenthe original Gcosymbetic QAL's test results shall be acc..opted. The use of these procedures ford~g with failed test results is subjecr to the approval of the Project Manager.
If a test result is in nonconformance, all material from the lot represented by the failing testshould be considered out of specification and rejected. Alternatively, at the option of the ProjectManager, additional conformance test samples may be taken to "bracket" the portion of the lotnot meeting specific:ltion (note that this procedure is valid only when all rolls in the [at areconsecutively produced and numbered from one manufacruring line). To isolate the out ofspecification material, additional samples must be taken from rolls that have roll numbersimmediately adjacent to the roll that was sampled and failed. If both additional tests pass, theroll that represents the initial failed test and the roll manufacrured immediately after that roll(next larger roil number) shall be rejected. If one or both of the additional tests fail, then theentire lot shall be rejected or the procedure repeated with two additional tests that bracket agreater number of rolls within the lor.

11.5 GEONET DEPLOYME:'IT

The Geosynthetic QAC shall examine rolls upon delivery and any deviation from the aboverequirements shall be reported to the Project 1ttanager.

Geonet cleanliness is essential to its performance. Therefore, the geonet rolls should beprotected against dust and dirt during shipment and stoI'a.:,ae.

The Geosynthetic QAC shall verify that the geonet is free of dirt and dust prior to in.sta.llarion.The Geosynthetic QAC shall repon any rolls judged dirty to the Project Manager. If the gametis judged diny or dusty, it shall be washed by the Installer prior to installation.. Washingopentions shall be observed by the Geosynthetic QAC and improper washing operations shallbe reponed to the Project Manager.

The Installer shall handle all geonet in such a manner as to ensure that it is not damaged in anyway, and the following shall be complied with:

1. On slopes, the geonet shall be secured and rolled down the slope in such a manner as tocontinually keep the geonet sheet in tension. If nece~sa.ry, the geonet shall be positioned by.hand after being unrolled to minimize wrinkles.2. In the presence of wind, all geonet shall be weighted with sandbags or the equivalent. Suchsandbags shall be installed during deployment and shall remain until replaced with covermaterial.
3. Unless otherwise specified, geonet shall not be welded to geomembrane.4. Geonet shall only be cut using scissors, or other cutting tools approved by the ProjectManager that will not damage the underlying geosynthetics. Care shall be taken not to leavetools in the geonet.• CWM
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5. The Installer shall take any nec~ssary preClutions to prevent damage to underlying laye:-s
during plJ.c~ment of the geoner.

6. During placement of geonet, CJ.re shall be taken not to entrap din or excessive dust in the
geonet that could cause clogging of the drainage system, and/or stones that could dama!!e
the adjacent geome:nbrane. If dirt or excessive dust is entrapped in the geonet, it should be
washed cl~ prior to placement of the next material on top of it. In this regard, CJ.re shall
be taken with the handling of sandbags, to prevent puncruring the sandbag. Wash Water and

.sediment will be removed after washing to approval of G~osynthetic CQA.

The ~synthetic QAC shall note my noncompliance and repOrt it to the Proje~t :Yfanager.

11.6 SE.AJ."IS A..'ill 0 v'"ERLA.PS

Adjacent geonet shall be joined according to construction drawings and specifications. At a
minimum, the following requireme~LS shall be met:

1.
2.

3.

4.
5.

• 6.
7.

Adjacent rolls shall be overlapped by at least 4 in. (100 mm).
The geonet overlaps shall be tied with plastic fasteners. Tying devices shall be white or
yellow for easy inspection. Metallic devices are not allowed.
Tying shall be every 5 ft (1.5 m) along the slope, every 6 in. (0.15 m) in the anchor trench,
and every 6 in. (0.15 m) along end-to-end seams on the base of the landfill.
In general, no horizontal seams shall be allowed on side slopes.
In the corners of the side slopes of rectangular landfills, where overlaps between
perpendicular geonet strips are required, an extn. layer of geoDet shall be unrolled along the
slope, on top of the previously installed geonet, from top to bottom of the slope.
When more than one layer of geoDet is installed, joints shall be staggered.
Vlhen several layers of geonet are 5tacked,rolls shall be deployed in the same direction to

prevent strands of one layer from penetrating the channels of the adjacent layer.

The Geosynthetic QAC shall note any noncompliance and report it to the Project iYfanager.

When several layers of geonet are stacked, care shall be taken to prevent strands of one layer
from penetrating the channels of the next layer, thereby significantly reducing the transmissivity.
This cannot happen if sta.clced geonet are placed in the same direction. A stacked geonet shall
never be laid in perpendicular directiODS to the underlying geonet (unless otherwise specified by
the Designer).

11.7 DEFECTS AJ.'ID REPAIRS

If the hole or tear width is less than 50 % of the width of the roll, the damaged area shall be
repaired as follows:

1. A patch shall be placed extending 1 ft (0.3 m) beyond the edges of the hole or tear.
2. The patch shall be ~red to the original geonet by tying every 6 in. (0.15 m). Tying

devices shall be as indicated in Section 11.6.
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If the hole or tear width across the roll is more than 50 % of the width of the roll, the damaged
are:l shall be repaired as foUows:

1. On the base of the landfill, the damaged area shall be cut out and the two portions of thegeonet shall be joined as indicated in Section 11.6.
2. On side slopes, the damaged geonet roll shall be removed and replaced.

The Geosyntbetic QAC shall observe any repair and report any noncompliance with the aboverequirements in writing to the Project ~fanager.

11.8 GEONET PROTECTION

Soil should never be placed in direct contact with geonet. Soil materials near the geonet sballbe placed in such a manner as to ensure:

1. The geonet and underlying lining maten".ll<; are net d2maged.
2. Minimal slippage of the geone! on underlying layers occurs.
3. No excess tensile stresses occur in the geonet.

Unless otherwise specified by the Designer, all lifts of soil material shall be in conformance withthe guidelines given in Section 9.11.1.

Any noncompliance shall be noted by the Geosynthetic QAC and reponed in writing to theProject Manager.

• CWM
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• 12.0 GEOTEXTll.,E/GEONET COl\lPQSITE

Geotextile/geonet composite are materials used as drainage and filter media in lining syste::ns.
This section is applicable to d.r.linage geocomposites made of nonwoven geotextiles (polyeste:
or polypropylene) and HDPE geonet. The geotextiles may be bonded to one side of the geone::
or both. depending on the appliCl.rion. It is not applicable to composites made with o(be~

components .

12.1 DEFINTTION AND APPUCABILITY

Geotextile/Geonet Composite C:,o-eocomposite) consists of a geotextile which is thennally bonded
to geonet. The geotextile may be bonded to one side or both sides of the geonet. Tne
geocomposite is u.sed as a drainage component of lining systems.

12.2 i\tlAN1JFACThlUNG PLAJ.Vf mSPECTION

CW}vf will conduct a periodic inspection of the geocomposite ~Ianufacturer's plant. In addition,
the Project Nfanager, or his designated representative, may visit the manufacturing plant for a
project-specific inspection if deemed necessary. If possible, the project-specific inspection shall
be prior to or during the manufacruring of the georexti.1e!geonet composite rolls for that
particular project. The purpose of the plant inspection is to review the manufacturing precess
and quaJiry conrrol procedures.

• The manufacturing plant inspection shall include:

1. Verification that the proper quality control documentation has been received by the
geocomposite manufacturer from the component manufaCturers (Section 10.2, 11.2).

2. Verification that properties guaranteed by the ManufactUrer meet all project specifications.
3. VerifiCJ.tion that the measurement of properties by the Manufacturer is proper!y documented

and test methods used are acceptable.
4. Spot inspection of the rolls and verification that they are free of imperfections or

conC4mination by foreign matter.
5. Review of packaging, handling, storage, and transportation procedures and verification that

these procedures will not damage the geocomposite.
6. Verification thaI roll packages have a label indicating the name of the manufacturer, type of

geocomposite, roll number, and roll dimensions.

A report descnoing the inspection will be retained by CVINf for periodic inspections and by the
Project 1tlanager for project-specific inspections.

• CWM
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12.3 QUALITY CONTROL DOCUMENTATION 
 
Prior to the installation of any geocomposite, the geocomposite Manufacturer or Installer shall 
provide the Project Manager with the following information: 
 
1. The origin (supplier's name and production plant) and identification (brand name and 

number) of the geotextile and geonet used to fabricate the geocomposite. 
2. Copies of dated quality control certificates issued by the geotextile and geonet supplier. 

These certificates shall contain the results of the quality control tests performed on the 
geocomposite components outlined in Section 10 and 11 of this QAM. 

3. A specification for the geocomposite which includes all properties published by the 
Manufacturer measured using the appropriate test methods. 

4. Written certification that minimum values given in the specification are guaranteed by the 
Manufacturer. 

5. Quality control certificates for the geocomposite, signed by a responsible party employed by 
the Manufacturer. The quality control certificates shall include roll identification numbers, 
testing procedures and results of quality control tests. At a minimum, results shall be given 
for: 
 
a. Mass per unit area (ASTM D3776, D5261). 
b. Thickness (ASTM D1777, D5199). 
c. Geotextile-geonet adhesion (ASTM D7005). 
d. Transmissivity Testing (ASTM D4716). 

 
Quality control tests shall be performed for at least every 40,000 ft2 (4,000 m2) and transmissivity 
testing for at least every 100,000 ft2 (10,000 m2) of geocomposite produced. 
 
The Manufacturer shall identify all rolls of geocomposite with the following: 
 
1. Manufacturer's name. 
2. Product identification. 
3. Roll number. 
4. Roll dimensions. 
 
The LGM shall review these documents, shall approve all documentation in writing, and shall 
report any discrepancies with the above requirements to the Project Manager. The LGM shall 
verify that: 
 

1. Property values certified by the Manufacturer meet all of its guaranteed specifications. 
2. Measurements of properties by the Manufacturer are properly documented and that the test 

methods used are acceptable. 
3. Quality control certificates have been provided at the specified frequency for all rolls, and that 

each certificate identifies the rolls related to it. 
4. Roll packages are appropriately labeled. 
5. Certified minimum roll properties meet the project specifications. 
6. Project specifications were submitted by the Project Manager to the Installer. 



•
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12A CONFOR."vlAl'fCE TESTING

Upon delivery of the rolls of geocomposite, the Geosynthetic QAC shall visually ensure that
conformance test samples are obtained for the geocomposite. These samples shall then be
forwarded to the Geosyntheric QAL for testing to ensure conformance with the project
specificJ.rions.

At a minimum, the following conformance tests shall generally be performed on geocomposire
as a unit:

1. rvf.ass per unit area.
2. Thickness.
3. Geotextile-geonet adhesion.
4. Transmissivity test.

These conformance tesr-s sball be performed in accordance with the test methods specified in the
project specifications. Additional conformance tests may be required by the project
specifications.

12.4.1 Samp~ Procedures

The rolls to be sampled shall be selected by the Geosynthetic QAC. Samples shall not be taken
from any portion of a roll which has been damaged. Unless otherwise specified, samples shall
be 3 ft (1 m) long by the roll width. The Geosynthetic QAC shall mark the machine direcricQ
on the samples with an arrow. All lots of material and the particular test sample that represeDts
each lot should be defined before the samples are taken.

A lot shall be defined as a group of consecutively numbered rolls from the same manufacturing
line. Alternatively, a lot may be designated by the Geosynthetic QAC based on a review of all
roll information including quality control documentation and manufacturing records.

Samples shall be taken at a rate of one per lot, or at a minimum of one conformance test per
100,000 ff (10,000 m1 of geocomposite.

U.4.2 Test Results

All conformance test results shall be reviewed and material accepted or rejected by the LGM
prior to the deployment of the geocomposite.

The LGM shall examine all results from laboratory conformance testing and shall report any
non-conformance to the Project Manager. The LGM shall be responsible for checking that all
test results meet or exceed the property values listed in the project specifications.

If the Manufacturer has reason to believe that failing tests may be the result of the Geosynthetic
QAL incorrectly conducting the tests, the Manufacturer may request that the sample in question
be retested by the Geosynthetic QAL with a technical representative of the Manufacturer present• CWM
QAM 12-3 NOTember 1992



•
during the testing. This retesting shall be done at the expense of the Manufacturer. TheNfanufacrurer may have the same sample retested at two different CVl'Nl approved G~osyntheticQALs at the expense of the Manufacturer. If both laboratories produce passing results, thematerial shall be accepted. If both laboratories do not produce passing results, then the originalGcosyntheric QAL's test results shall be accepted. The use of these procedures for deJ.1..ing withfailed test results is subject to the approval of the Project Nlanager.

If a test result is in non-<:onformance, all material from the lot represented by the failing testshould be considered out of specification and rejected. Alternatively, at the option of the ProjectNfanager, additional conformance test samples may be taken to ~bracket" the portion of the lotnot meeting specification (nOte that this procedure is valid only when all rolls in the lot areconsecutively produced and numbered from one manufacturing line). To isolate the Out ofspecification material, additional samples must be taken from rolls that have roll numbersimmediately adjacent to the roll that was sampled and failed. If both additional tests pass, theroll that represents the initial failed test and the roll manufactured immediately after that roU(next larger roll number) shall be rejected. If one or both of the additional tests fail, then theentire lot shall be rejected or the procedure repeated with two additional tests that bracket agreJ.ter number of rolls within the lor.

12.5 GEOCOl\1PQSITE DEPLOn~l

During shipment and storage, the geocomposite shall be protected from ultraviolet lightexposure, moi..sture, mud, dirt, dust, pun.ctUre, cutting, or any other da.m3.:,aing conditions.Geocomposite rolls shall be shipped and stored in relatively opaque and watertight wrappings.• The roll wrappings shall be removed shonly before deployment.

For one-sided geocomposite, the Geosynthetic QAC shall verify that the geonet is free of dirtand dust prior to installation. The Geosyntheric QAC shall identify any diny rolls and reportthem to the Project Manager. If the geonet is judged to be diny or dusty, it shall be washed bythe Installer prior to i.nsta.Uation. Washing operation shall be observed by the Geosyntheric QACand improper washing operations shall be reported to the Project Manager.
The Geosynthetic QAC shall observe rolls upon delivery at the site and any deviation from theabove requirements shall be reported to the Project Manager.

The Installer shall handle all geocomposite in such a manner as to ensure they are not damagedin any way, and the following shall be complied with:

1. On slopes, the geocomposite shall be securely anchored and then rolled down the slope insuch a manner as to continu.ally keep the geocomposite sheet in tension. If n~essary, thegeQC{)mposite shall be positioned by hand after being unrolled to minimize wrinkles.2. In the presence of wind, all geocomposites shall be weighted with sandbags or theequivalent. Such sandbags shall be installed during deployment and shall remain untilrepl.aced with cover material.
3. Unless otherwise specified, single sided geocomposite shall not be welded to thegeomembrane.

• CWM
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• 4. Geocomposites shall be cut using a hook blade or other tool approved by the Project
Manager. If in place, special care shall be taken to protect underlying geosynthetics from
damage which could be caused by the cutting of the geocomposite. Care shall be taken not to
leave the tools in the geocomposite.

5. The Installer shall take any necessary precautions to prevent damage to underlying layers
during placement of the geocomposite.

6. During placement of geocomposite, care shall be taken not to entrap in or beneath the
geocomposite, stones, or dirt that could damage the geomembrane, cause clogging of drains
or filters, or hamper subsequent seaming. If dirt or excess dust is entrapped in the geonet of
single sided geocomposite it should be washed clean prior to placement of the next material
on top of it. Wash water and sediment removed after washing to approval of Geosynthetic
CQA. In this regard, care shall be taken with the handling of sandbags, to prevent puncturing
the sandbag.

7. A visual examination of the geotextile of the geocomposite shall be carried out over the entire
surface, after installation, to ensure that no potentially harmful foreign objects, such as
need les, are present.

The Geosynthetic QAC shall note any noncompliance and report it to the Project Manager.

12.6 SEAMING PROCEDURES

In general, no horizontal seams shall be allowed on side slopes greater than IOH: I V (i.e., seams
shall be along, not across, the slope), except as part of a patch. Adjacent geocomposites shall be
joined according to construction drawings and project specifications.

12.6.1 GeODet Seams

At a minimum, the following requirements shall be met

I. Adjacent geonet shall be overlapped by at least 4 in. (100 mm).
2. The geonet overlaps shall be tied with plastic fasteners. Tying devices shall be white or

yellow for easy inspection. Metallic devices are not allowed.
3. Tying shall be every 5 ft (1.5 m) along the slope, every 6 in. (0. 15m) in the anchor trench,

and every 6 in. (0. 15 m) along end-to-end seams on the base of the landfill.
4. In the corners of the side slopes of rectangular landfills, where overlaps between

perpendicular geonet strips are required, an extra layer of geonet shall be unrolled along the
slope, on top of the previously installed geonet, from top to bottom of the slope.

5. When more than one layer of geonet is installed, joints shall be stagggered.
6. When several layers of geonet are stacked, rolls shall be deployed in the same direction to

prevent strands of one layer from penetrating the channels of the adjacent layer.

The Geosynthetic QAC shall note any noncompliance and report it to the Project Manager.

12.6.2 Geotextiles Seaming

Perfonn geotextile seaming in accordance with Section 10.6.
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U.7 DEFECTS &'ID REPAIRS

Any portion of the geocomposite exhibiting a flaw shall be repaired. Prior to acceptance of thegeocomposite, the Installer shall locate and repair all damaged are:l.S as directed by theGeosynthetic QAC. The Geosynthetic QAC shall observe any repair and repon anynoncompliance with the following requirements in writing to the Project :\-fanager.

12.7.1 Small Defects

If in the Geosynthetic QAC's judgement, the defect is determined to be small, typically smallerthan 3 ft by 3 ft, the geocomposite shall be repaired as follows:

12.7.1.1 If the geonet is judged to be undamaged but the geotextile is damaged, a patch ofgeocextile shall be placed. The geotextile patch shall be sewn in place with a minimum of12-inch overlap in all directions.

12.7.1.2 If the geonet is judged to be damaged, the damaged geonet shall be removed. Asection of geonet shall be cut to replace the removed section. The geonet shall be tied to theexisting geonec using white plastic fasteners placed at least every 6 inches. A geotextile patchshall be placed over the repaired geonet section. The geotextile patch shall be sewn in place
with a minimum of 12-inch overlap in all directions.

Care shall be taken to remove any soil or other material which may have penetrated the torngeotextile.

12.7.2 Large Defects

If in the Geosynthetic QAC's judgement, the defect is determined to be large, typically largerthan 3 ft by 3 ft, the geocomposite shall be replaced.

12.8 PROTECTION

For single sided geocomposites soils should never be placed in direct contact with geonet. Allsoil materials located on top of the geocomposite shall be deployed in such a manner as toensure:

1. The geocomposite and underlying lining materials are Dot damaged.
2. Minimal slippage of the geocomposite on underlying layers occurs.
3. No excess tensile stresses occur in the geocomposite.

Unless otherwise specified by the Designer, all lifts of soil material shall be in conformance withthe guidelines given in Section 9.11.1.

• CWM
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Any noncompliance shall be noted by the Geosynthetic QAC and reported to the ProjectManager.

PC:MODELCIT/MODELNEW
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13.0 GEOSYNTHETIC CLAY LINERS

13.1 DEFINITIONS AND APPLICABILITY

Geosynthetic Clay Liners (GCLs) are geocomposite materials that consist of a low hydraulic
conductivity montmorillonite-rich expansive clay (bentonite) core which is bonded to a geotextile
backing. GeLs are used as barriers in lining systems.

13.2 MANUFACTURING PLANT INSPECTION

The Owner or appropriate representative will conduct a periodic inspection of the Manufacturer's
plant. In addition, the Project Manager, or his designated representative, may visit the
manufacturing plant for a project-specific inspection if deemed necessary. If possible, the project
specific inspection shall be prior to or during the manufacturing of the GeL rolls for that
particular project. The purpose of the plant inspection is to review the manufacturing process and
quality control procedures.

The manufacturing plant inspection shall include:

1. Verification that properties guaranteed by the Manufacturer are met and meet all project
specifications.

2. Verification that the measurement of properties by the Manufacturer is properly
documented and test methods used are acceptable.

3. Spot inspection of the rolls and verification that they are free of imperfections or
contamination by foreign matter.

4. Review of handling, storage, and transportation procedures, and verification that these
procedures will not damage the GCL.

S. Verification that roll packages have a label indicating the name of the manufacturer, roll
number, and roll dimensions.

6. Verification that overlap lines are printed on the rolls.

A report describing the inspection shall be retained by the Owner for periodic inspections and by
the Project Manager for project-specific inspections.

13.3 QUALITY CONTROL DOCUMENTATION

Prior to installation of any GeL, the Manufacturer or Installer shall provide the Project Manager
with the following information:

1. The origin (supplier's name and location of material source) and identification of the
bentonite used for production of the GCL.

2. Copies of dated quality control information issued by the bentonite supplier.
3. Results of quality control tests conducted by the GCL Manufacturer to verify that the

bentonite supplied met the GeL Manufacturer's specifications.
4. Copies of dated quality control information provided by the geotextile Manufacturer.
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5. A specification for the GCL which includes all properties contained In the project
specifications for GCLs.

6. Written certification that the minimum values given in the project specifications
are guaranteed by the Manufacturer.

7. Quality control certificates, signed by a responsible party employed by the Manufacturer.
Each quality control certificate shall include roll identification numbers, testing
procedures, and results of quality control tests. At a minimum, results shall be given for:

a. Moisture content (ASTM 04643)
b. Hydraulic conductivity (ASTM 5084, GRI GCL-2)
c. Swell index (GRI GCL-I, ASTM 05890)
d. Mass per unit area (ASTM 03776, 05261, 05993)

These quality control tests shall be performed in accordance with the test methods for at least
every 10,000 ft2 (1,000 m2

) for moisture content, swell index and mass per unit area. Hydraulic
conductivity tests shall be performed in accordance with the test methods for at least every
100,000 ft2 (10,000 m2

) ofGCL produced.

The Manufacturer shall identify all rolls of GCL with the following:

I. Manufacturer's name
2. Product identification
3. Roll number
4. Roll dimensions

The Geosynthetic QAE shall review these documents and shall report any discrepancies with the
above requirements to the Project Manager. The Geosynthetic QAE shall verify that:

I. Property values certified by the Manufacturer meet all of its guaranteed specifications.
2. Measurements of properties by the Manufacturer are properly documented and that the test

methods used are acceptable.
3. Quality control certificates have been provided at the specified frequency for all rolls, and

that each certificate identifies the rolls related to it.
4. Rolls are appropriate labeled.
5. Certified minimum properties meet the project specifications.
6. Project specifications and the QAP were submitted by Project Manager to the Installer.
7. Manufacturer confirms a field drying shrinkage potential to allow proper seam overlap in the

field.

13.4

13.4.1

CONFORMANCE TESTING

Sampling Procedures

Upon delivery of the rolls of GCL, the Geosynthetic QAC shall ensure that conformance test
samples are obtained. The rolls to be sampled shall be selected by the Geosynthetic QAC.
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Samples shall not be taken from any portion of a roll which has been damaged. Unless otherwisespecified, samples shall be 1 ft (0.3 m) long by the roll width. The Geosynthetic QAC shall markthe Il1AChine direction on the samples with an arrow.

A lot shall be defined as a group of consecutively nwnbered roIls from the same manufacturingliner. Alternatively, a lot may be designated by the Geosynthetic QAC based on a review of aUroll infonnation including quality control documentation and manutaeturing records. If theProject Manager desires, the Geosynthetic QAC can perform the conformance test sampling atthe manufacturing plant. This may expedite the installation process for certain projects.

Unless otherwise specified in the project specifications, sa~les shall be taken at a rate of one perlot, not to be less than one per 100,000 fe (10,000 m) of GeL. Samples for hydraulicconductivity conformance tests shall be taken at least every 250.000 if (25.000 m2
). These. samples shal-l be forwarded to the Geosynthetic QAL for testing to ensure conformance to theproject specifications.

13.4.2 Conformance Tests

At a minimwn, for the GCL to be used in the baseliner, the following conformance tests shall beconducted on the OCL as a Wlit:

1. Moisture content (AS'IM·D4643) .
2. HydrauliC conductivity {A$TM jO~4)
3. Mass per Wlit area (ASTM 03776)

At a minimum, for the GCL to be used in the final cover, the following conformance tests shall beconducted on the GeL as a tmit

1. Moisture content (ASTM D4643)
2. Hydraulic: conductivity (ASTM 50$4)
3. Mass pel' unit area ofbentonite (AS1M 05993)
4. Mass per unit area upper and lower layer geotextile (ASTM 05261)
5. Index flux ofGCL (ASTM D5887)
6; Grab tensile strength ofGeL (ASTM 04632)

Additional'c:onformance tests may be required by the project specifications.

13....3 Test Resalts

All conformance test results shall be reviewed and accepted or rejected by the Geosynthetic QAEprior to the deployment of the OCL. The Geosyntbetic· QAE shall examine all results from
laboratory conformance testing aDd shall report any nonconformance to the Project Manager.The Geo8ynthetic QAE sball be responsible for checki.og that all teat results meet or exceed the
~ values lilted in the project apeci.fications.

H the Manufacturer has reason to believe the failing tests may be theresu1t of the GeosyntheticQAL incorrectly conducting the testa, the Manufacturer may request that the sample in questionbe retested.by the Geosynthetic QAL with a technical representative of the manufacturer present
dwing the testing. Alternati~. the Manufacturer may have the sample retested at tWo diffccentOwner-approved Geosynthetk QALs. If both laboratories produce paaing results. tho materialshall be a.cceptcd. If both laboratorie8 do not produce passing results, then the original
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• Geosynthetic QAL's test results shall be accepted. The use of these procedw-es for dealing withfailed test results is subject to approval of the Project Manager.

If a test result is in non~ormance, all material from the lot represented by the failing testshould be considered out~f.apecification and rejected. Alternatively, at the option of the ProjectManager, additional conformance test sampl~ my be taken to "bracket" the portion of the lot notmeeting specification (note that this procedures is valid only when all rolls in the lot areconsecutively produced and nUmbered from one manufacturing line). To isolate the out-ofspecification m.aterial, additional samples must be taken from rolls that have roll numbersimmediately adjacent to the roll that was sampled and fitiled. lfboth additional tests pass, the roUthat represents the initial failed test and the roll manufactured immediately after that roll (nextlarger roll number") shall be rejected. If one or both of the additional tests fail, then the entire lotshall be rejected or the procedure repeated with two additional tests that bracket a greater numberor rolls within the lot

13.5 GCL DEPLOYMENT

During shipment and storage, the OCL shall be protected from ultraviolet light exposme,moisture, excessive lromidity, puncture, cutting, or any other damaging conditions. GCL rollssball be shipped and stored in relatively opaque and watertight wrappings. OCL roUs shall bestored away from "Wet ground and be covered with a watertight tarp or tmder a roof to protect thestored rolls from hydration. The roll wrappings shall be removed shortly before deployment.
The Geosynthetic QAC shall observe roUs upon delivery and prior to deployment at the site andreport any deviations from the above requirements to the Project Manager.
The Geosynthetic QAC shall review the GCL panel deployment progress and advise the ProjectManag'Cf ot;l its confonnance with the actual field conditions. The Geosynthetic QAC shall verifythat the Jnstaller handles the GCL material in such a manner as to ensure that it is not damaged,and the following are complied With:

1. Final cova: subgrade areas prepared for GCL deployment have been proof rolled and visuallyobserved by the Geosyntbctic QAC in aC<XXdance wi1h the Technical Specifications.2. The supporting soil surface for the GCL is smooth, finn, unyielding, and free of debris,vegetation, sticks, sharp rocks, void spaces, ice, abrupt elevation changes, standing water, orother materials that could damage the GCL. As determined by the geosynthetic QAC, allprotrusions having the potential to damage the GCL must either be removed, crushed, orpushed into the surface with a smooth-drum compactor.3. On slopes, the GCL roIls shall be securely anchored and the GCL material then deployeddown the slope in such a manner as to keep the GCL panel in tension. .4. The GCL Should be installed. with the proper side of the material facing upward. The propaorientation of the IIII.terial sbould be as spocified by the project specification.S. If the OCL is cut in place, special care &ball be taken to protect underlying geosyntbeticrmteriaJI from damage, which could be cauaed by cutting of the OCL.6. The fns1aller shalt take any necessary precautions to prevent damage to underlying layersdwing placement of the GCL.
7. During placemeot of tile GCL, care shall be taken not to entrap beneath the OCL any stones,excessive dust. or moisture that could damage the OCL or any IDlderlying geosynthetics.8. After installation, a visual examination of the GCL shall be carried out over the entire surfaceto ensure that no potenti.a.lly harmful foreign objects, contaminated soil, needles from themanufacturing process, or damaged areas are prescot
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9. Excess loss of bentonite on edges during deployment should be minimized.

The Geosynthetic QAC shall verify that the final cover subgrade surface for which GeL will be
installed is not wet and meets the requirements of Technical Specification Section 02413-FC,
Section 3.02, Paragraph 0.1. During periods of obvious dry conditions, moi~ testing of the
subgrade may be waived by the Geosynthetics QAC..

The Geosynthetic QAC shall verify that nO moTe GCL material is deployed dw-ing one working
day than can be covered by the end of the day. Limited ex.ccptions to this requirement may be
given by t1}.e Project Mana'ger if complete coverage of the GCL will be difficult to achieve by the
end ofa day and dry weather is forecast for several consecutive days. The Project Manager shall
consider forecasted humidity levels prior to granting this approval.

GCL deployment shall not be undertaJcen during precipitation or when there is an immediate
threat of precipitation. In the event that precipitation is imminent, the Geosynthetics Installer
shall cease GCL installation activities and begin covering all deployed GCL with temporary tarps
or other approved materials. Temporary covering shall be placed, or diversionary structures
installed, in a manner to prevent runoff upslope of the exposed OCL from contacting the GCL.
Temporary cOvering must be available on site at all times during the GeL installation, and no
GCL shall be deployed such that the total area of exposed GeL exceeds the area of tarp or other
approved temporary cover available at the site.

The Geosynchenc QAC shall note any noncompliance and report illO the Project Manager.

13.6. SEAMING PROCEDURES

13.6.1' Seam Overlap

Adjacent GCL panels shall be joined according to project plans and specifications. At a
minimum, the Geosynthetic QAC shall verify the Installer complies with the following
requirements:

1. Edge seam oveclaps sbaU be a minimum of6 in (150 rom).
2. Roll end seam overlaps shall be a minimum of 24 in (.6 m) or in accordance with

manufacturer's recommendations and approved by the DESIGNER.
3. The addition of powdered bmtonitl: to seam locations shall be in accordance with the

manufactm-er's recommcodations.
4. End to end seams on slopes shall be minimized If they are required. the Geosynthetic QAC

shall contact the DESIGNER to verify the method used to attach the GCLs, bas adequate
tensile strmgth.

Prior to approval of the GCL by the Geosynthetic QAC, the following requirements should be
visually verified by the QAC:

I. The required ovedaps are provided. The overlap shall be continuously monitotcd since the
panels may be subjected to sbrinlcage.

2. The amount of the powdered bentonite placed on the seam is in accordance with
manufacturer's recommendations.

The Geosynthetic QAC shall note any noncompliance and report it to the Project Manager.
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13.7 DEFECTS AND REPAIRS

Any portion of the OCL exhibiting flaws sball be repaired. Prior to acceptance of the installedGCL, the Installer shall locate and repair all d.amagod areas of the liner as directM by theGeosynthetic QAC. Defects or damage can be identified by either rips, tears, premature
hydration of the GCL, or delamination of the geotextiles.

Rips and tears in the GCl shall be covered by another piece of OCl and repaired in accordancewith the project specifications and manufacturer's recommendations.

Where the GeL has t>een exposed to moisture and has prematurely hydrated prior to pl$C¢meDt ofoverlying material, the material shall be removed and replaced with material meeting the projectspecifications. The term "prematurely' hydrated" shall not include minor partial hydration of theGCL material which may have been exposed to moisture within limited areas during construction.All defects and repairs shall be reported to the Project MAnager.

13.8 GeL PROTEcnON

All soil and/or geosynthetic materials located on top of the GCL shall be deployed in such amanner IS to ensure:

1. The Gel and undalying liner materials are not damaged.
2. Slippage of the GeL on underlyUlg layers is muumaL
3. No excess tensile stress occurs in the GeL.

Any noncompliance with these guidelinea or the project specifications shall be noted by theGeosynthetic QAC and reported to the Project Manager.
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TEST FILL PROGRAM FOR NEW CLAY  
AND GCL FINAL COVER PROTECTIVE SOIL SOURCES 

 
1.0 PURPOSE AND SCOPE 
 
The purpose of the test fill is to establish a sequential and logical approach for the development of 
the placement and compaction procedures to be used during construction of compacted clay liners 
and geosynthetic clay liner (GCL) final cover protective soil layers that meets the required 
performance standard.  The test fill program will allow the Earthwork Contractor, the Engineer or 
Project Manager, and the Soil Quality Assurance Consultant (QAC) to identify appropriate 
placement and compaction procedures.  Once the construction procedures have been established 
by the test fill program, the Earthwork Contractor and the Soil QAC will monitor the compacted 
clay liner and GCL final cover protective soil layer construction procedures as an indicator that 
the performance standards are being achieved. 
 
This test fill program documents the requirements for construction the test fill.  The test fill 
program will include: 
 

• Subgrade preparation. 
• Construction of the test fill. 
• Inspection and testing of the test fill. 
• Sampling of portions of the test fill. 

 
This test fill program may be modified with approval from the New York State Department of 
Environmental Conservation (NYSDEC). 
 
2.0 TEST FILL MATERIAL 
 
Feasibility testing of new clay and GCL final cover protective soil sources (not previously 
qualified) shall be performed prior to construction of the test fill.  The material shall be evaluated 
in accordance with Sections 4.2 and 6.2 of the Quality Assurance Manual (QAM).  These tests 
shall provide the basic relationship of permeability with varying density and moisture content.  A 
typical representation of compaction and laboratory permeability test results for one clay source 
is shown on Figure 2. 
 
3.0 CONSTRUCTION EQUIPMENT 
 
The equipment to be used for the test fill shall be proposed by the Earthwork Contractor, and 
approved by the Soil QAC and Project Manager.  The equipment to be used for the test fill shall 
be consistent with the equipment which will be used during actual layer construction.  Variations 
may be approved by the Engineer provided that the equipment exhibits similar physical 
characteristics (e.g., weight, width, foot height, speed). 
 
4.0 TEST FILL CONSTRUCTION 
 
4.1 SUBGRADE PREPARATION 
 
The area within the limits of the test fill shall be cleaned and grubbed of all trees, debris, brushes, 
stumps, roots, trash, and any other vegetation or objectionable material.  Following clearing and 
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grubbing, the area shall be stripped of topsoil.  Topsoil shall be stockpiled in an area designated 
by the Project Manager. 
 
The surface of the subgrade shall be proof-rolled so as to be firm and free of irregularities, loose 
earth, and abrupt changes in grade.  A drainage layer shall be installed on the subgrade.  The 
drainage layer shall be firm, smooth and flat, shall have a hydraulic conductivity of a least two 
orders of magnitude higher than the expected hydraulic conductivity of the constructed test fill, 
and shall prevent fine particles of the test fill material from piping into the voids of the drainage 
layer.  A layer of geotextile filter fabric may be placed between the drainage layer and test fill 
material, with the approval of the Engineer, to help prevent mixing of the materials.  Upon the 
approval of the Engineer, the Earthwork Contractor may place a compacted sacrificial soil layer 
of 2 to 5 inches thick over the drainage layer prior to construction of the first test fill lift.  This is 
to provide a layer of separation between the drainage layer and the first lift compaction and 
testing equipment.  The subgrade, drainage layer, and test fill surfaces shall be sloped at a 2 
percent grade.  Line and grades shall be controlled by survey.  No standing water or excessive 
moisture shall be allowed on the surface of the subgrade.  The surface shall be inspected by the 
Soil QAC prior to beginning construction of the test fill. 
 
4.2 TEST FILL REQUIREMENTS 
 
The test fill shall be constructed and evaluated with the minimum criteria below. The 
requirements of Section 5 and general guidance from the NYSDEC presented in Appendix B will 
form additional requirements. In general, clay test fills will include multiple lifts, whereas GCL 
final cover protective soil test fills will include a single lift. In both cases, lift thicknesses will be 
comparable to those used in actual layer construction. 
 
4.2.1 Lift Thickness for Clay Test Fills: In general, loose lift thickness shall not exceed length 

of the feet or pads as measured from the drum of the compactor prior to compaction or 9 
inches, whichever is less.  Refer to test fill construction procedure for thicknesses of the 
various test fill lifts. 

 
4.2.2 Lift Thickness for GCL Final Cover Protective Soil Test Fills: Post-compaction lift 

thicknesses shall be approximately 18 inches to simulate the minimum allowable lift 
thickness used in actual construction. 

 
4.2.3 Density:  Dry density at or greater than 90 percent maximum modified proctor dry 

density. 
 
4.2.4 Moisture Content: 
 

1. At or greater than Optimum Moisture Content. 
2. In-place moisture within acceptable compaction window. 

 
4.2.5 Permeability Testing: 

 
1. For clay test fills, conduct field hydraulic permeability testing by using the 

Sealed Double Ring Infiltrometer (SDRI) Test, Single Ring Infiltrometer (SRI), 
or Boutwell Two Stage Borehole Test as specified in Appendix B. 

 
2. For both clay and GCL final cover protective soil test fills, obtain undisturbed 

samples by thin walled Shelby tube or block as indicated on the example test fill 
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configuration plan (Figure 1).  Conduct constant head permeability testing on 
samples. 

 
4.2.6 Permeability Testing: Collect samples for testing in accordance with requirements of 

Section 5.  Inspect and conduct similar random testing as indicated on the example test 
fill configuration plan (Figure 1). 

 
4.3 FILL PLACEMENT 
 
The test fill shall be a rectangle approximately 60 feet long and at least 4 times wider than the 
widest piece of compaction equipment to be used in construction of a full scale facility (Figure 1).  
In no case shall the width be less than 20 feet. 
 
The test fill shall be constructed in uniform horizontal lifts to a total thickness of at least 24 
inches for compacted clay and approximately 18 inches for GCL final cover protective soil after 
compaction in accordance with the procedures specified below.  The procedures, which vary with 
the lift considered, are intended to allow determination of a relationship between soil compaction 
criteria, which include density and moisture content, permeability, and compaction method 
parameters.  Compaction method parameters include: 
 

• Compactor characteristics. 
• Thickness of compacted/uncompacted layers. 
• Number of compactor coverages, and moisture content. 

 
4.3.1 First Lift (Clay and GCL Final Cover Protective Soil Test Fills) 
 

1. For both clay and GCL final cover protective soil test fills, the first lift shall be 
placed according to the thicknesses presented in Section 4.2 

 
2. Soil moisture content shall be maintained at or above optimum water content 

determined by the Soil QAC.  The Earthwork Contractor shall adjust the moisture 
content as necessary to obtain the specified density criteria. 

 
3. The test fill material shall be compacted with coverages using the previously agreed 

compaction equipment. 
 

4. The Earthwork Contractor shall permit the Soil QAC to performed in-place density 
tests and collect soil samples as specified in Section 5.3.1. 

 
5. Holes left in the lift shall be repaired in accordance with methods outlined in the 

QAM.  The repairs shall be made using procedures which have been shown to meet 
the required moisture and density criteria. 

 
6. The test fill material shall be compacted a second time by applying two more one-

way coverages with the selected compactor.   
 

7. Steps 4 and 5 shall be repeated.  Second series of tests shall be taken near the original 
tests. 

 
8. The test fill material shall be compacted a third time by applying two more one-way 

coverages with the selected compactor. 
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9. Steps 4 and 5 shall be repeated.  Third series of tests shall be taken near the first and 

second tests. 
 

10. Steps 8 and 9, respectively, shall be repeated and continued until specified 
compaction criteria are obtained as identified by the Soil QAC. 

 
4.3.2 Second Lift (Clay Test Fills Only) 
 

1. The loose thickness of the second lift shall be such that the thickness of the lift will 
be 6 inches after compaction. 

 
2. A competent bond with the first lift shall be achieved by the Earthwork Contractor 

and approved by the Soil QAC. 
 

3. Steps 2 through 10 of Section 4.3.1 shall be repeated. 
 
4.3.3 Remaining Lifts (Clay Test Fills Only) 
 

1. The loose thickness of the remaining lifts shall be such that the thickness of the lifts 
will be 6 inches after compaction. 

 
2. The procedures for compacting and testing the remaining lifts shall be those that have 

been tested and proven effective during the compaction of the second lift. 
 
4.3.4 Final Surface Preparation (Clay Test Fills Only) 
 
The surface of the test fill shall be rolled with a smooth steel drum or pneumatic roller so as to be 
free of irregularities, loose earth, and abrupt changes in grade.  All stones larger than 1 inch shall 
be removed.  Stones which are smaller than 1 inch and are judged to be detrimental to a 
geomembrane liner will be removed.  One-half of the prepared soil surface shall be protected 
against damage with temporary plastic sheets.  The sheets shall be placed immediately after the 
completion of surface preparation.  Observations and documentation of desiccation cracking 
versus time shall be made on the uncovered section of the test fill. 
 
5.0 INSPECTION AND TESTING 
 
5.1 TEST FILL MATERIAL 
 
The Soil QAC shall perform testing on the soil material prior to its use in the test fill.  Testing 
will include at least the following: 
 

• Soil density/moisture content relationship using the Standard Proctor Method (ASTM 
D698) and Modified Proctor compaction Method (ASTM D1557). 

• Moisture content (ASTM D2216, D4643). 
• Particle size distribution (ASTM D422). 
• Atterberg limits (ASTM D4318). 
• Soil Classification (ASTM D2487). 
• Organic content (AASHTO T194). 
• Hydraulic conductivity testing (ASTM D5084). 
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• Unconsolidated undrained triaxial shear test (ASTM D2850, clay source material only). 
 
5.2 SUBGRADE PREPARATION 
 
The Soil QAC shall observe the prepared subgrade for firmness, smoothness, and absence of 
abrupt changes in grade.  The subgrade shall be surveyed to serve as the origin when determining 
thicknesses. 
 
5.3 TEST FILL CONSTRUCTION 
 
Test fill shall be constructed as described previously under Section 4. 
 
5.3.1 Lift Compaction 
 
For the first and second lifts (or, in the case of GCL final cover system protective soil, the only 
lift), the Soil QAC shall perform the following activities: 
 

• Estimate the thickness of the loose lifts. 
 
• Count the number of compactor coverages and observe compactor coverage of the test 

fill. 
 

• Perform a minimum of eight nuclear gauge in-place density and moisture readings 
(ASTM D2292) at every two (2) coverages, and a minimum of two in-place density tests 
using the sand-come method (ASTM D1556), the rubber balloon method (ASTM 
D2167), or the drive cylinder method (ASTM D2937) to verify the nuclear gauge 
readings; compute degree of compaction (i.e., in-place dry density divided by the 
Modified Proctor maximum dry density); collect four additional soil samples for moisture 
content determination (ASTM D2216) and organic content (AASHTO T194). 

 
• Observe the repair of holes left in the lift as a result of density testing and soil sample 

collection. 
 

• Continue in-place density testing and moisture content determination to enable 
development of a curve giving in-place dry density versus number of compactor 
coverages for each lift thickness (Figure 3). 

 
For each of the remaining lifts on clay test fills, the Soil QAC shall perform the following 
activities: 
 

• Verify that the thickness of the loose lift does not exceed the loose thickness determined 
from testing of the second lift. 

 
• Count the number of compactor coverages, determined from testing of the second lift, 

which are necessary to achieve the specified density and observe compactor coverage of 
the test till. 

 
• Perform a minimum of eight nuclear density tests and two sand-cone density tests per lift 

to verify the adequacy of the construction procedures previously established. 
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The Soil QAC shall collect a minimum of six undisturbed Shelby tube samples or eight samples 
measuring 8 in. by 8 in. by 6 in. undisturbed block soil samples from varying depths of the 
completed test fill.  The samples shall be waxed or otherwise protected to retain natural moisture 
and tested in the laboratory for the following: 
 

• Hydraulic conductivity (permeability) using water as the permeant. (ASTM D5084). 
• Soil density/moisture with Modified Proctor (ASTM D1557). 
• Particle size distribution (ASTM D422). 
• Atterberg limits (ASTM D4318). 
• Soil classification (ASTM D2487). 
• Soil moisture content (ASTM D2216, D4643). 
• Organic content (AASHTO T194). 

 
For clay test fills, the Soil QAC shall observe the test fill to verify the adequacy of the bonding 
between adjacent lifts.  Such observation shall be exercised on the portion of the test fill which 
has been excavated to permit removal of undisturbed soil block samples and/or the sand-cone 
density testing. 
 
5.3.2 Final Surface Preparation 
 
The Soil QAC shall observe the prepared surface for firmness, smoothness, and absence of abrupt 
changes in grade.  The final surface will be surveyed to verify the test fill thickness. 
 
5.4 BULK FIELD HYDRAULIC CONDUCTIVITY (CLAY TEST FILLS ONLY) 
 
One or more field bulk hydraulic conductivity test device(s) must be installed and performed in 
the area of the test fill that is prepared by the methods and controls that will be used in the actual 
construction.  Acceptable field bulk hydraulic conductivity test devices include (but are not 
limited to) the following: 
 

• Sealed Double Ring Infiltrometer (SDRI). 
• Single Ring Infiltrometer (SRI). 
• Boutwell two stage borehole. 

 
Information from the field bulk hydraulic conductivity test must be used to confirm or deny that 
the soil, the methods of compaction, and the controls on compaction have produced a uniformly 
compacted soil with a bulk hydraulic conductivity of 1x10-7 centimeters per second (cm/s) or less.  
The results of the bulk field hydraulic conductivity test(s) should be submitted to the NYSDEC 
for review and approval at least 30 days prior to actual construction involving the soil material for 
which the test fill was performed. 
 
6.0 DOCUMENTATION 
  
The Soil QAC shall document activities associated with the construction, monitoring, and testing 
of the test fill and provide recommendations on placement and compaction procedures.  Such 
documentation shall include daily reports of construction activities and oral communications with 
the Contractor.  The following shall be documented for the specific sections listed below. 
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6.1 TEST FILL MATERIAL 
 
The Soil QAC shall provide a moisture-density relationship for the test fill material and other test 
results as specified in Section 5.1 
 
6.2 TEST FILL CONSTRUCTION 
 
6.2.1 Subgrade Preparation 
 
The Soil QAC shall document observations on subgrade preparation, as specified in Section 5.2. 
 
6.2.2 Test Fill Construction 
 
The Soil QAC shall document activities of the test fill construction, monitoring, and testing in a 
test fill summary report, which shall include but not be limited to: 
 

• Record the compactor type, configuration, and weight; for sheepsfoot compactors, record 
the drum diameter and length, empty and ballasted weight, length and face area of feet, 
yoking arrangement, if any. 

 
• Record thicknesses of lifts prior to and after compaction. 

 
• Observe that construction equipment reaches normal operating speed before entering the 

area to be used for testing. 
 

• Record density versus number of compactor coverages for each lift thickness, as 
specified in Section 5.3.1. 

 
• Record the number of compactor coverages which will provide the specified degree of 

compaction and permeability. 
 

• Record the procedure to bond lifts. 
 

• Record results of moisture, in-place density and degree of compaction, as specified in 
Section 5.3.1. 

 
• Document repair of holes left in the lift as a result of density testing and soil sample 

collection, as specified in Section 5.3.1. 
 

• Record results of laboratory permeability testing and other soil properties tests performed 
on undisturbed soil samples. 

 
• Include as-built drawing of the test fill and locations of all test samples for each lift. 

 
• Include cross-section of the test fill showing number of lifts and lift thickness. 

 
• Describe actual construction procedures. 

 
• Observe test fill excavation for removal of undisturbed soil samples and observations of 

layer bonding, as specified in Section 5.3.1. 
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to Nst flll. •

Z. Semple locations shoi I be ,.Ieet,d b1 the CQA tnqinHt'.

FIG. 1 SUGGESTED TEST FILL CONFIGURATION
I
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z.t-t2lchment 1

Gui~4ne§ on Bulk Hv~r~ylic con~ye~ivitv

{or C~8t:icien~ of ?,~eabilit7) Test
an~ a Test rill

Bulk Hyc~aul;c Concuc~i~ity (or Coef!ic;ent or ?e~eabill~v1

~

ror decades engineers and ot~ers have taken s~all samples of
compacted :oil into ~~e laborato~f for hydraulic conduc~i7ity

testing in order to verify t~at the intended hydraulic
conductivity (or coefficient ot pe~eability) has been aChieved.
This prac~ice has been sc=utinized in ~~e past few years and has
been found to occasionally produce misleading results. The cul~

hydraulic conductivity of a soil barrier layer can be as ~uch as
several orders of magnitude gre3ter than is indicated by the
laboratory testing on samples of that same lay~r. Therefore, t~e

use ot a measure ot in-field bulk hydraulic conductivity has =ee~

recognized as an important tool in dete~ining soil ba==ier layer
hydraUlic conduc~ivity.

Several means of ~easuring in-field bulk hydraUlic conductiv:ty
exist: sealed double ring in!iltrometer (SORI), single ring
in!iltrometer, and Bout~ell two stage borehole.

Allor the in-rield bulk hydraUlic conductivity tests ~easu=a t~e

hydraUlic conductivity over a muc~ larger area tnan the
laboratory pQrfo~ed flexible wall pe~eamete: test on
undisturbed samples.

The SORI measures the hycraulic concuctivity over a relatively
large c=oss-sectional area of about cne square meter ~ith a
reasonable degree of confidence in 3 to 12 weeks.

The single ring infiltroceter generally utilizes a specially
modified 55 gallon drum, and therefore, measures the hydrauli=
conductivity over a c=oss-sec~ional area of about one quar~er of
a square meter (Since the infiltration takes place in three
dimensions, this estimate some~hat underestimates ~~e area
involved in the measure~ent). But since mUltiple tes~s can be
~et up in dIfferent locations in an area of interest, it is
probablQ that J single ring infi"lt=ometers will yield an
equivalent estimate ot the bulk field hydraulic conductivity in
the area of interest as one SORI test. 8ecause a high stancpi?e
can be used atop the single ring in!iltrcmeter, this test can be
somewhat quicker, yielding results in about 1 to 4 weeks.

The Bou~-ell two stage borehole measures the hydraUlic
conductivity over a r~atively small are: of o.coe square meters
tor ~tageone, and of 0.064 square meters for stage two. Again,
because mUltiple tests can be set up in different locaticns in a~
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area o~ intQrQs~, it is probable that five to ten 3cut~ell t~o

stage boreholes yield an cquivalant esti~ate ot the bulk fiel~

hydraulic conduc~ivity in the area ot interes~ as one SCR: test.
eecause ot ~~e relatively high head ~~at is used (4 to 7 :ee~),

~is test can bQ somewhat quicker than the SDRI, yielding res~l~s

in about 1 to J ~eeks.

The time period involved and the need to isolate the measurement
area trom disturbance by con~truction equipmen~ makes it
imprac~ical to perto~ these tests on the completQd soil ba~~~e~

layer in the land disposal unit. In addition to obstructing
liner cons~ruction equi?men~, field bulk hydraulic conductiv~,;y

measurement on a completed soil barrier layer ~ould needlessly
delay unit construction and expose the soil barrier to lengt~y

exposure to environmental conditions such as potential
desiccation, water pUddling or erosion, and treezing.

Instead ot performing the t~st .on the completed soil barrier
layer, the field bulk hydraulic conductivity test should be
conducted on a test fill in advance of construc~ion of the
compacted soil co~ponent. The test fill should be outside the
construction zone, so Chat construction equipment damage is less
likely, ana longer tQ~ measurements can verify the hydr~ulic

per!ormance. In addition, hydraulic_testing of a test fill
section can be initiated very early in the pe~it application
process, allowing ac=um~ation of data which can provide
increased confidence ~~at design specifications can provide a
sound structure.

In addition to demonstrating whether the specific construct~cn

~~terials and methods can proauce a soil barrier laye!:' ~it:~ l:~e

necessary hydraUlic conduc~ivi~YI the results of the field =ulk
hydraulic conductivity test can have a direc~ effect on t~e tipe
of moisture-density control that must be imposed during t~e

actual const~~ction. The results can be used to enlarge or
decrease the range of permissible moisture-density points, te~ec

the acceptable range, and consQquQntly cay modify the bur:en en
the contractor during the construction of the compacted soil
barrier layer in the cover.

The recommoQeQ contents of a te~t fill plan follow.

soil Test fill

A soil tes~ till shall be constructed in a manner that is
representative of the actual construction and using the same
equipment and borrow soil that ~ill be used in the actual
construction in order to demonstrate that the field
construction contractor can meet the material, con~t=uc~ion,

and product quality requirements of the ~a5te management
unit. One test fill shall be required per borro~

soil/construction methodology. It there is a change in
either, a new test rill is re~1r~d.
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At least six~J days prior ~: i~it:at~on of t~~ t3S~ ~i:~,

the Cepart~ent shoule be nctified i~ ~r:~i~s of ~he~ :~e

test :111 will be conduc~ed. Also, t~e noti(:caticn s~a::

sp@c~fy t~e ~et~cds ar.d prccedur~s t~at will ce used to
ccn3~=UC~ and evaluate the tes~ till i~ accorda~ce w~:~

these requi:e~ents. These procedures a"-d ~ethods ~us~ te
accepted by t~e Depar~~ent i~ writins te~o=e :~e test ::~:

beg:"-s. Th~ test fill const=~ctlon should ~eec :~e

~ollcwing requirements:

•

(a)

(b)

( c)

(d)

ee)

( f)

The soil used in t~e test ~i~l s~all be sc~c:ed

and tested in a laboratory and be sr.c~n to ;ee~
the mater~al 6pecific~ticns :e!cre Use in t~e :2S~

fill. The sa~e scil, a feoted co~~ac~or ~:t~ :~e

same or lowe: weigh~ pe= feot 0: roller ~~ct~, a~c

t~e exa~ same construction procedures, as ~::: be
u~cd to construct t~e soil ba==ier laver shall be
used in this test ~ill const~~ction, 'Also :~e
same monitorins require~er.~s as ~ill =e used :~

c=nst=uct t~e seil ba=~ie= laye~ s~al: =e f~~:=~2C

except {or certai~ excepcions. The f=eq~e;.cJ o~

~onitoring fo~ ccrt~in parameters, s~c~ as
hydraulic conductivity on Shelby tube or bleck
sa~ples, has to be increased to produce sU::~C:2;'~

resul~s to be meaning~ul.

The sUbgrade for the tes~ fill s~all be ~i~,

s~oot~ and tlat. A drainase layer s~all be
installed on the sUbgrade. T~e dr~i;.ase l~ye=

shall be ri~, smooeh, flat, shall have a
hydraulic conduct:vity several crders cf ~a~:~~ce

higher t-"lan the eX?ected hydrau 1 io c:::ncuc-: i.'/ i \:1 0::
the soil bar~ier layer, and shall nc~ allow :~e

Cine pa~icles of the soil to?i~e into the veies
of the drainage layer.

The compacted soil in the test fill shall be a~

least 24 inches thick and shall be a~ leas~ fo~=

li'ts thick. Each litt should be soil com~accad

from a loose t~ickness of soil which complies _i~~

the require:ents contained hereln.

The test fill should be const=ucted at leas~ ::::u=
times wider than the widest piece or equipment to
be used in construction of the full scale
facility.

The test fill should be long enough to allow
construction equipment to reach no~al ope~ati;.~

speed before entering thQ area to be used ~O~

testing.

The res~lting values 0' hydraulic conductivity in
the field should be rQlated to the follcwing:
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- t~e co~cac~or soeci{icat~onsr suc~ as ~~-~:
S .. ,.tl'c ··ei,- t ,..."'-11"',.. .. rid'""" a ...... f:-ct 1 ~.:--'-..... ... _.., I ."'" -- "'- .... / .l ..~ _~ .. er:'"j'-.'"':;- nu~ber of passes of the compactor:
- screening me~,od, zixing ~et~cd a~d
resulting maximum clod size:
- procedures ~or surface pre~ar~~:cn;
- cco~action equi?ment speed:
- uncocpac~e~ and cc~pac~ed 11f~ t~i=k~e55;and r

- ~oisture content, and cer.si~y. ~~e
relationshi? of moisture and de~sity to
hydr3ulic conduc~ivity shall be used tc
6elec~ the appropriate mois~ure-~ensi:y
control t~at mus~ be imposed.

Note: A clcd is a lump of soil or clay
whic~ results Cram excavation r lcad~ngr
unloading r spreading, and/or discir.g seils
whic~ have cohesive p=c~erti2s. ~eeuc~~s
hydraulic conduc~ivity via cornpac~:on is
thought to depend largely on the degre~ 0:
removal ot inter-cled voids.

(g) The following index pro~erties shoul~ be usee '-monitor and docu~ent t~e construction ~Jali~y
ob~ained in the test till.

- HydraUlic conductivity on sUbsanples fr8~
undis~urbed (Shelby tUbe or blocx) sarn~les,
~ini:um one froo each lift at random
loc~tions in the test fill. The undis~~=~~dsamples shall be taken in the wecge c: soi~
be~Jeen the end of the nuclear densi~o=ete=
probe and the back o~ the gauge in orde= ~~
allc~ t~e sUbs~quen~ cor~elation of rna:s~~~
and cQnsity wi~~ hydraUlic concuc~iv~~y.

- in place density and water contents;
- maximum clod size;
- particle size distribution: ar.d
- A~terberg limits.

(h) One or more field bulk hydraulic conductivity tes~devices must be installed and perfo~ed in a~ areaof the test fill that is prepared by the methodsand controls that ~ill be u5P-d in the actual
cons~ruction. Acceptable field bulk hydra~licconductivity test devices include, bu~ are no~
neces~arily limited to, Bout~ell ~o Stage
Borehole, Single Ring Infiltrometer, anc Sealed
Double Ring Infiltrometer.

"Intormat1on· trom the rield bulk hydraUlic
conductivity test must be used to confir.m or de~y
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( i)

that the soil, ~~e me~~ods o~ co~pac~ion, and ~~e

cont:ols on compacticn have produced a uni~or~ly

compacted soil ~it~ a ~ul~ hyd=aulic c=nduc~:vi~y

of lxlO· 7 c::l/:sec or less. .

The resul~s o! ~~e test !ill should be succit~ed

to the Depar~=ent 'or review and approval at leas~

JO day~ prior ~o soil =arrier i~stallation.
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• 1.0

REQUIRE\'ffi'ITS FOR DESIGNING
ACCEPTABLE ZONE FOR COl\tlPACTION CONTROL

~lRODUCTION

•

One of the most significant factors affecting the perfonnance of compacted soil liners is
controlling water content and dry urut weight during construction. A carefuUy wrinen
compaction specification can improve the likelihood of achieving low hydraulic conductivity
while also satisfying other factors affecting perfonnance such as strength, compressibility and
desiccation resistance. Because a soil liner is meant to be a hydraulic barrier, low hydraulic
conductivity (or hydraulic conductivity lower than a regulatory standard) should be the primary
factor affecting the design of a compaction specification. The specification shou Id then be
tightened to meet other perfonnance standards.

2.0 CONCEPT OF ACCEPTABLE ZONE

Figure 1 shows three compaction curves (Figure 1a) and three hydraulic conductivity curves
(Figure Ib) that correspond to high compactive effort (1vlodified Proctor), moderate compactible
effort (Standard Proctor), and low compactive effort (reduced Proctor). It is believed that these
compactive efforts simulate the range of compactive efforts that can be achieved in the field
(Benson and Daniel, 1990). A description of the procedure to achieve reduced Proctor
compactive effort is induded later in this document.

For each compaction curve shown in Figure I, the lowest hydraulic conductivity is achieved foT'"
water contents in excess of optimum water content. Furthennore, similar water coments can
yield radically different hydraulic conductivities if the compactive effort is changed. For
example, at a water content of 11 percent, the hydraulic conductivity of this soil can be as low
as 2 x 10.9 em/sec and as high as 1 x 10-6 em/sec. Hence, to ensure required hydraulic
conductivities are achieved, a compaction specification should be designed that delineates a zone
in the compaction plane which yields the desired hydraulic conductivity for the rate ,-~f

compactive efforts that may be realized in the field. This zone of water contents and dry unit
weights is called an "Acceptable Zone". For most cases, where the low hydraulic conductivity
is desired, the acceptable zone will have a shape similar to the shaded region shown in
Figure le.

3.0 DEVELOPING AN ACCEPTABLE ZONE

The procedure to develop an Acceptable Zone involves: (1) establishing a zone of water content
and dry unit weight that yields the required hydraulic conductivity and (2) modifying the zone
to account for other factors beside hydraulic conductivity.

A moisture and density control evaluation as outlined in Section 3. I will be conducted as
required by the NYSDEC and submitted to the NYSDEC for approval of an acceptable zone.

3.1 MOISTURE AND DENSITY CONTROL

• CWM
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Moisrure and density comrol can be accomplished by meeting any of the three se[s ofrequirements which are described as Case I, II, or III. The overall basis for these approachescan be found in a paper enti[led, "Water Content-Density Cri[eria for Compacted Soil Liners."By D. E. Daniel and C. H. Benson in the Journal of Georechnical Engineering, Vol. 116.No. 12. Pages 1811-1830, December 1990.

3.1.1 Case I

For this case, the following compaction control conditions have been proven to be necessary viathe laboratory testing and the test fill.

I. The measured in-place moisrure coment immediately after soil compaction always shall beat, or greater than, the optimum moisrure content fonn the most recent representativeModified Proctor curve developed on soil from the same borrow source.

The measured in-place dry density immediately after soil compaction shall be at or greJ.ter
than 90 percem of the maximum Modified Proctor dry density from the most rece:1trepresentative Modified Proctor curve developed on soil from the same borrow source.

3. The measured in-place moisrure content and the measured in-place dry density immediatelyafter soil compaction shall plot above the line of optimums on a plot of the most recent
representative Modified and Standard Proctor curves. The line of optimums shall be a curvewhich passes through the maximums of both the Standard Proctor curve and the ModifiedProctor curve and is parallel to the curve of zero air voids .

4. Compaction to the density required in (2) and (3), above, are waived at locations where anyeffon made to achieve this density would damage underlying flexible membrane liners.geonets, or geotextiles, or otherwise prevent them from achieving their intended function.
One example is the lowest 6 inches of compacted soil in the upper composite liner on thesideslope of a double lined unit. Obviously, compaction of this soil with a footed compactormight adversely affect a component of the secondary leachate collection/detection system,such as a geonet, just beneath the soil, and might adversely affect the liner which is usually
at the top of the secondary composite liner.

Requirements 1 through 3 of this case determine a bounded area on a plot of moisture anddensity which may be tenned the "acceptable range."

Figure 1, "Acceptable Moisture-Density Plot for Soil for Case I" illustrates this acceptable rangefor moisture and density.

A Standard Proctor curve and a Modified Proctor curve are determined and plotted on the samefigure. The line of optimums is a line which passes through the maximum point on both theModified and Standard Proctor curves and is generally parallel to the curve of zero air voids.This line of optimums is one of the bounds of the acceptable range. The other is the horizontalline determined by 90 percent of the maximum value on the Modified Proctor curve.

• CWM
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3.1.2 Case IT

For tttis case. compaction control to a density below 90 percent of the maximum Modified
Proctor density has been proven in the laboratory and the test fill to be acceptable.

1. The measured in-place moisrure content immediately after soil compaction always shall be
at, or greater than. the optimum moisrure content form the most recent representative
Modified Proctor cur.re developed on soil from the same borrow source.

2. The measured in-place dry density immediately after soil compaction shall be at or greater
than a density which corresponds to an alternate percent of the maximum Modified or
Standard Proctor dry density from the most recent representative Modified Proctor cur.re
developed on soil from the same borrow source. The density limit should be greater than
90 percent of the Standard Proctor density to prevent incomplete compaction of a very moist
soil and the consequent creation of a structurally weak soil mass. The density limit shall be
shown to meet tbe hydraulic conductivity limit of 1 x 10.7 em/sec, maximum or less as
demonstrated by remolded laboratory tested samples ~'1d by the field bulle hydraulic
conductivity test on the test fill and shall be shown to have sufficient structural strength for
the intended use.

3. The measured in-place moisture content and the measured in-place dry density immediately
after soil compaction shall plot above the line of optimums on a plot of the most recent
representative Modified and Standard Proctor curves. The line of optimums shall be a cur.re
wttich passes through the maximums of both the Standard Proctor curve and the Modified
Proctor curve and is parallel to the curve of zero air voids.

4. Compaction to the density required in (2) and (3), above, are waived at locations where any
effort made to achieve this density would damage underlying flexible membrane liners.
geonets, or geotextiles, or otherwise prevent them from achieving their intended function
(see Case I above).

Requirements 1 through 3 of tttis case determine a bounded area on a plot of moisture and
density which may be termed the "acceptable range." Figure 2, "Example Acceptable Moisture
Density Plot for Soil for Case II" illustrates one example of this acceptable range for moisrure
density.

A Standard Proctor curve and a Modified Proctor curve are determined and plotted on the same
figure. Again, the line of optimums is one of the bounds of the acceptable range. In this second
case, the other bound is the horizontal line determined by 90 percent of the maximum value on
the Standard Proctor curve.

3.1.3 Case ill

For this case, special compaction control below the line of optimums have been proven in the
laboratory and the test fill to be acceptable. .

• CWM
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I. The measured in-place moisture content immediately after soil compaction always shall be
at, or greater than, the optimum moisture content fonn the most recent representatlve
Modified ProctOr curve developed on soil from the same borrow source.

2. The measured in-place dry density immediately after soil compaction shall be at or greaterthan 90 percent of the ma..ximum Modified Proctor dry density from the most recent
representative ~{odified ProctOr curve developed on soil from the same borrow source.

3. The measured in-place moisture content and the measured in-place ,dry density immediately
after soil compaction shall plot above an alternate line which is parallel to the line of
optimums on a plot of the most recent representative Modified and Standard Proctor curves.
The line of optimums is described in Case II above. The alternate line shall be offset by acertain percent moisture from the line of optimums. The offset is arrived at by
demonstrating that the soil compacted to a moisture and density which plots above the
alternate line bas a hydraulic conductivity less than or equal to I x 10.7 cm/sec as
demonstrated by remolded laboratory tested samples and by the field bulk hydraulicconductivity test on the test fill. The compacted soil shall have sufficient st.n.lctuuU strength
for the intended use as demonstrated by laboratory triaxial strength tests.

4. Compaction to the density required in (2) and (3), above, are waived at loc:ltions where any
effort made to achieve this density would damage underlying flexible membrane liners.geonets, or geotextiles, or otherwise prevent them from achieving their intended function.
One example is the lowest 6 inches of compacted soil in the upper composite liner on the
sideslope of a double lined unit. Obviously, compaction of this soil with a footed compactor
might adversely affect a component of the secondary leachate coUection/detection system .such as a geonet, just beneath the soil, and might adversely affect the liner which is usually
at the top of the secondary composite liner.

Requirements 1 through 3 of this case determine a bounded area on a plot of moisture aP.ddensity which may be termed the "acceptable range."

Figure 3, "Example Acceptable Moisture-Density Plot for Soil for Case III" illustrates oneexample of this acceptable range for moisture and density.

A Standard Proctor curve and a Modified Proctor curve are determined and ploned on the samefigure. Similar to Case I, the horizontal line determined by 90 percent of the maximum valueon the Modified Proctor curve is one of the bounds. The other bound is now an alternate linewhich is parallel to the line of optimums but is offset by a certain percent moisture.

3.2 ADDmONAL MOISTURE CONTROL DETAILS

The moisture content shall be maintained uniform throughout the lift. Whenever the moisturecontent of the soil at the borrow source is lower than the Modified Proctor optimum moisturecontent, then water shall be added and distributed within the soil sufficiently soon to ensurecomplete dispersion within the soil mass. Usually this means that water must be added beforeshipment of the soil to the site. If examination of the most recent representative Modified and

• CWM
QAM C-4 November 1m



• "~II1." ,.,•• te,

e......

~

FIgure 1. ACc8ptabl~ Moh,tur9-{)8nslty
Plot for C~•• I

Acceptabl8 Z::Jn&

.." ....".

•

•

: / 0'Il1I..... W9ht~... CO<! t9aC ~. ' ....UIe4 ,.,..,,~ " . "IJ~--'-------'-~f ---.----,--'--,--r-,---'-1-

FIQu~ Z. Accaotabf. "'ol.tu~enslt.,.

Plot for C... II

LIN .f 0.«1......

Mol.tur. Content (,.)



•

•

•

bl ZoneAocepta e

J.l, Vo14 •

./'
...... ~ .... oto,., ....

e.., ....

l----r-----,----~~!~ltl C"'-tent (,.}
Mc!.tur. ~v~'~" _



•

•

Standard Proctor curves indicates that the proper density can not be reached at its present
moisture content. then the material will be dried before compaction. Drying will be
accomplished by blading, discing, harrowing, or other aeration methods. to hasten the drying
process. The affected soil will be mixed thoroughly within the loose Lift or stockpile to ensure
an even distribution of moisture within every loose Lift prior to compaction.

If additional moisture must be added at the compaction site. then discing, watering, and discing
again shall be conducted prior to compaction to ensure an even distribution of moisture within
every lift.

~.O VARIABLE SOIL PROPERTIES

In some cases, the borrow source may be so variable that different accepr.able zones are needed
to describe soils that have significantly different properties. If the soils can be easily
distinguished in the borrow pit and/or the construction area, separate accepr.able zones can be
developed and supplied to field inspectors. If the soils are not easily distinguished. a composite
accepr.able zone can be developed by overlaying the accepr.able zones (Figure 3). The
intersection of the accepr.able zones is then the composite Accepr.able Zone.

5.0 USE OF THE ACCEPTABLE ZONE

The accepr.able zone can be used directly in the field. Inspectors measuring water content and
dry unit weight can plot the field dar.a on the compaction curve. If the dar.a falls in the
accepr.able zone and no visible defects are present, the compaction is deemed acceptahle.
Otherwise, the soil needs additional processing and compaction.
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• APPENDIX D

ADDmONAL CLAY BARRIER PLACKYfENr REQUIRE.Y1E'ITS
TO BE MONITORED

The ~work contractor will be responsible to conform to additional clay barrier construction
requirements listed below. The soil CQA will verify through observation and documentation
that these requirements are implemented.

1. Soil

Only narural soil material shall be utilized in the compacted soil barrier. this soil material must
be free from roots; organic matter, frost; ice; frozen soil: trash; debris, rocks, or slag large[
than I-inch at the finish surface; and other deleterious materials.

If additional moisrure must be added at the compaction site, then discing, watering, and discing
~aai.n shall be conduaed prior to compaction to ensure an even disnibution of moisture within
every lift.

2. Seal Rolling

• Intermediate lifts sball be rolled to seal for protection from infiltration of precipitation. To
prepare for subsequent lifts, sealed surface of intermediate lifts sball be scarified and. if
necessary, shall be adjusted to a proper moisture content adequately in advance of subseque::lt
soil placement to ensure a uniform moisture content in the intermediate lift and complete
bonding of the lifts to one another.

3. Over;JIQrking

The soil shall not be overworked such that compaction and permeability requirements cannot be
achieved, as indicated by test fill or recent acmal construction standards. In no case shall an
excessively compacted crust be formed on the top of a lift which is too smooth to bond to the
next lift or is so brittle that it cracks.

4. Facility Sidewalls

Soil lifts used to build the facility sidewall liners shall be inclined at about the same angle as
sideslope. Lift interfaces must not traverse the barrier layer, unless special actions are taken to
be certain that these interfaces will be no more permeable than the core of lifts.

•
5. Contact Surfaces
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A. Complete bonding of one placed volume of soil to another shall take place along any and
all soil to soil contact surfaces. Contact surfaces include but are not limited [0:

1) Benn soil placed over the floor soil which bas been placed at a previous time.

2) Newly placed soil subject [0 desicQtion including bot or f~zing conditions.

3) Soil from one borrow source contacts soil from a different borrow source.

B. At a minimum, the previously placed soil shall be scarified and, if needed, adjusted [0
a proper moisture conte:Jr. Frozen soil shall be removed from liner~. If diffe:-ences
in the soil types are encountered or if incomplete bonding, then contact surface sball be
stepped and!or keyed.

C. Other contact surfaces as detennined by the Soil OAC.

6. Final Surface

Final lift shall be seal rolled as soon as practical after final compaction to prevent moisture loss.

Areas lined with flexible membrane liner (FML) top surface of each completed soil barrier layershall be smooth and the final surface shall be free of stones greater than I-inch (25 mm) indiameter in its least dimension.

Surface to be lined with a .t"rvIT.. shall be rolled with a smooth drum steel or pneumatic roller freeof irregularities, loose earth, and abrupt changes in gnde. Surface shall be maintained aftercertification of acceptance of surface by the geosynthetic installer and soil CQA.

To ensure a seal FMI.. shall be installed as soon as practicable after soil bamer layer is judgedacceptable by the Soil CQA. The soil surface shall be observed daily by the Engineer and RvrL
Installer to check for soft areas or desiccation cracking.

No FML shall be placed in an area which has become softened by precipitation resulting insubstandard strength requirements of 0.5 tsf.

The FML Installer shall provide written acceptance of surface preparation to the Engineer priorto any FML instalIa.tion. Thereafter, Installer shall provide the Engineer with daily wrinenacceptance of surface to be covered by ThU.. in that day's operations.

7. Desiccation Crack Control and Rewir

Daily or hourly observations shall ascertain effects of surface desiccation cracking upon integrity
of soil barrier layer. Soil CQA shall indicate precautions for reducing the desiccation potentialof final soil surface prior to insta.llarion of any FMI.. or succeeding layer, (Le., installation ofa temporary FMI.. cover, application or water, or prompt placement of succeeding layers) .
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A temporary FML cover such as a 10 mil polyethylene, or other available FML, may be used
as temporary protection for soil. A temporary FML should be overbpped I-foot and does not
need to be seamed. Temporary FML must be removed prior to placement of the design FML or
succeeding layer.

Minor soil barrier layer cracks from desiccation which are visible but too narrow to measure
depth may be repaired by re-wetting, allowing sufficient time for crack healing.

In the event that measurable desiccation cracks develop on soil surface, following corrective
procedures will be followed:

(i) For cracks measuring 2 inches in depth or less, dry powdered bentonite may be used for
repairing, providing that cracks do not have sharp bends that would interfere with complete
filling of the crack with bentonite. If dry powdered bentonite is used, the cracks should be
completely filled with bentonite. If this procedure is not used, then the following procedure
must be used. Alternatively, a water truck may apply water over the surface followed by
smooth drum rolling.

•
(ii) Cracks deeper than 2 inches, but less than the depth of penetration of the discing blade

(depth of penetration is defmed as 75 percent of the distance measured from the axle to
the edge of blade) are present, addition of bentonite will not be acceptable and surface
shall be rewetted, disced, recompacted, and retested or the lift will be removed and the
exposed soil will be scarified with a disc to the full depth of the cracks, if any remain, and
recompacted in conformance with applicable requirements. If this procedure is not used,
then the following procedure must be used.

•

(iii) Cracks deeper than the depth of penetration of the discing blade are observed, the lift shall
be removed and exposed soil scarified with a disc to full depth of the cracks, and
recompacted in conformance with the applicable requirements.

The method for measuring any crack depth shall be the insertion of a 20 gauge wire. This
method will remain consistent throughout soil barrier layer construction. If cracks exhibit
bends that interfere with or prohibit crack measurement, then hand shovels will be used
to excavate soil that will assist in depth measurement. Any holes excavated with a hand
shovel will be repaired by complete filling with dry powdered bentonite.

(iv) For cracks deeper than two inches in areas with limited access, an acceptable method for
repairing cracks is as follows:

1. Open the crack with a hand shovel or pick to the depth of the crack;

2. Fill void with clay fmes or a bentonite powder/clay mixture; and

3. Compact claY/bentonite mixture with hand tools.
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APPE.'IDIX E

PARTIES INVOLVED

Forms to be completed at

Pre-Construction Meeting by Project l\'lanager.
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APPENDIX E

CONSTRUCTION PARTIES

1.2.1 Project Manager:
:--.rame: _

Title: ------------------Company Name: _
Express \tlail Address: _

City, State Zip: _
Phone: _

Fax: ------------------

1.2.2 Designer:
Representative: _

Title: _
Company NaTTIe: ----'-

Express Mail Address: _
City, State Zip: _

Phone: _

Fax: ------------------
1.2.3 Geosynthetic Manufacturer:

Representative: _
Title: ------------------Company Name: _

Express Mail Address: _
City, State Zip: _

Phone: _
Fax: _

1.2.4 Eanhwork Contractor:

Contract Representative: _
Company Name: _

Express Mail Address: _
City, State Zip: _

Phone: _
Fax: _
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Superintendent: _
Company :--rame: _

Express :Vlail.-\.ddress: _
City, State Zip: _

Phone: _
Fax: ------------------

1.2..5 Gcosvnthe tic Ins talle r:

Contract Representative: _
Company Name: _

Express Mail .-\ddress: _
City. State Zip: _

Phone: ------------------Fa.x: ------------------Superintendent: _
Company Name: _

Express Mail Address: _
City, State Zip: _

Pbone: _
Fax: _

Master Sea.mer: ------------------Company Name: _
Express Mail Address: _

Ciry, State Zip: _
Phone: _

Fax: _

1.2.6 Soil Quality Assurance Consultant:

Representative: _
Company Name: _

Express Mail Address: _
City, State Zip: _

Phone: _
Fax: _

Managing Engineer: _
Company Name: _

Express Mail Address: _
City, State Zip: _

Phone: _
Fax: _
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1.2.7 Geosynthetic Quality Assurance Consultant:

Representative: _
Company Name: _

Express Mail Address: _
City, State Zip: _

Phone: _

Fax: ------------------
Managing Engineer: _

Company Name: _
Express Mail Address: _

City, State Zip: _
Phone: _

Fax: _

1.2.8 Soil Quality Assurance laboratOry:

Representative: _
Title: ------------------Company Name: _

Express Mail Address: _
City, State Zip: _

Phone: _
Fax: _

• 1.2.9 Geosynthetic Quality Assurance laboratOry:

Representative: _
Title: _

Company Name: _
Express Mail Address: _

City, State Zip: _
Phone: _

Fax: _

QA CONSULTANT:

Representative: _
Title: _

Company Name: _
Express Mail Address: _

City, State Zip: _
Phone: _

Fax: _
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L~'JD SlJR VEYOR:

Representalive: _
Title: _

Company Name: _
Express Mail..-\ddress: _

City, Stale Zip: _
Phone: _

Fax: -------------------

?C\lODELCIT:MODEL'<EW
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APPEL'll)IX F

LEISTER BOND PROCEDURES
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APP&'IDIX F

QuALITY ASSLlU..'KE yIONITORING PLA.~

FOR LEISTER BOND PROCEDLltE

R,.\jlU -1 Construction
CW}.,;l Chemical Services, Inc.
Model City Facility, New York

PlJRPOSE:

To establish a Quality Assurance (QA) plan for monitoring the uister Bond method on HDPE
geomembrane repairs. This plan is a supplement to the Quality Control (QC) Protocol submitted
by Gundle for the Leister Bond method. Leister welds will be used to tack HDPE geomembrane
sheets prior to extrusion welding in difficult areas such as the sumps and sideslopes.

Observance, by all panies, of a specific quality control protocol for the Leister bonding method,
and assurance that no damage to the HDPE geomembrane occurs as a result of this process.

RESTRICTED USE:

Use of the Leister bonding method shall be restricted to seam lengths where the extrusion
seaming method is used. Extrusion seams may occur at the following locations:

• 1. Patches and cap strips.

2. Areas where the use of a fusion welder is physically impossible or is cumbersome and
impractical. Such areas might include sump areas or shoft seam lengths, or corner areas.

3. Penetration points such as boots around pipes.

The use of the Leister bonding method should be employed only in cases where the use of the
extrusion seaming method is preferred over the fusion seaming method.

LEISTER BONDING PROCEDURES:

1. Direction of seaming on slopes shall be the most expedient direction for the type of seaming
used. Seaming shall extend to the outside edge of panels to be placed or as otherwise
approved in writing by the manufacturer and deemed acceptable by the Department.

2. Lap joints shall be used to seam factory-fabricated HDPE geomembrane sheets together in
the field. All field joints shall be made on a supporting smooth surface.

3. Set air discharge temperature typically at 250 0 Celsius to 270 0 Celsius. This temperature
may vary based on field conditions and on the adequacy of the temporary Leister bond. The
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hot air discharge must always be below the true welding temperarures of 295 0 Cdsius for
SO mil HDPE geomembrane.

4. Align HDPE geomembrane overlap with a minimum 3-inch overlap for seams and 6-inch
overlap for patches and cap strips.

5. rnsen air discharge nozzle berween the overlap of the two HDPE geomembrane sheets. and
manually progress the nozzle along the overlap while at the same time compressing the
he:lted overlap surface. At no time should the Leister contact with a specific point on the
FML exceed 10 to 15 seconds. (Estimated time for toW burn through on SO mil HDPE. at
250 0 Celsius. is 60 seconds.

6. The following criteria in regards to frequency of Leister or "tack" bonds shall be observed:

A. Ordinary Circumstances.

LTnder It ordiJ1a..ry u circumsta.,.T'lces~ patches or C3.p strips ?v'hich are greater than 2 feet in
length on anyone side, the Leister bond spacing shall be a minimum of 2 feet in length
and a maximum of four Leister bonds shall be allowed on each patch. Any Leister bonds
which are used on a patch or cap strip shall at 00 time exceed 5 inches in length.

o

B. E"{tra Ordinary Circumstances.

Leister bonding of patches or cap strips in a continuous fashion is proposed for. '. extr.;.
ordinary" circumstances such as imminent bad weather or difficult HDPE geomernbraDe

• configurations.

This procedure shall provide a surface type "tack" bond to secure HDPE geomembrane overlaps
prior to extrusion seaming.

QUAUTY CONTROL PROCEDURES:

1. As pan of the extrusion welding trial seam, the Leister bond method is typically used to
secure the two remnant pieces of HDPE geomembrane. An approximate 6-inch portion of
the trial seam will be left unwelded so as to allow direct observation of the Leister bond.
On all trial seams, both the extrusion gun operator and the Leister operator will be recorded.

2. Shear specimens for the extrusion method trial seam can be biased so as to include a section
of the trial seam that has been "l.eistered" together. The field tensiometer is capable of
reading load values. The load value for each shear test specimen can be recorded, with a
minimum passing value being 160 psi; in peel, FfB must be achieved.

3. The surface of the lapped edges of any embossed and/or textured sheets shall be prepared
as recommended by the manufacturer to provide a seam to equal or exceed the bonded seam
strength requirement specified. The fusion weld shall have a 2-inch minimum width. The
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~xtrusion welding process shall bond the exposed edge of the panel to the underlying HDPE
geomembrane.

• .+. All Leister bonds in the field will be LOO% visually observed for overheating by the master
seamer and/or field superintendent. In addition. technicians will maximize. as is practical.
the spacing between individual Leister "tacks".

5. When the Leister tool is not in use. the switch should be in the "off' position and cJ.re will
be taken to avoid contact with Th£L by the nozzle until it has cooled.

6. It is not intended that the motor propelled Leister be used on this project.

The G€osynthetic QAC shall verify that:

I. The seaming personnel have the qualifications.

2. The overlaps meet requirements.

J. The seaming~ is clean.

4. Subgrade is hard and no soft spots are present.

•
5. Seaming equipment is available on the site and meet the requirements.

6. Weather conditions for seaming are acceptable.

7. Seaming procedures are foUowed.

8. All cap-strips required in an earlier section are placed.

9. Equipment for testing seams is available on-site.

10. Panels are properly positioned to minimize wrinkling and wrinkled areas are seamed
according to the procedures presented in the Quality Assurance Manual and Technical
Specifications.

TESTING REQUIREMENTS:

1. For each extrusion weld trial seam, the Leister bond will be employed to secure the overlap
prior to welding. Approximately 6 inches of the trial seam will be left unwelded to as to
allow easy observation at the Leister bond. The Geosynthetic Quality Assurance Consultant
(QAC) representative shall observe and document the condition of the Leister bond on the
unwelded portion of the seam and record the name of the Leister operator.

Extrusion weld trial seam coupons will be cur using a I-inch wide die and removed from
"Leistered" portions of the trial seam. The peel adhe'sion and shear strength criteria shall,
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:It J. minimum, equal or exceed project technical specifications and criteria recommended in
Table 4 of the National Sanitation Foundation (NSF) Standard No. 54-1991. :-\ny trial se:un
test coupon which does not meet any of these test criteria will be considered a f3.ilure.Follow-up procedures for failed trial seams are stated in Section 9,10.

Additionally. the Geosynthetic QAC monitor shall detennine if any failure in a test seam
coupon was a result of the use of the Leister. If it is detennined that the cause of failure was
from the use of the Leister, then that Leister operator will be disqualified for the day.

Destructive testing of extrusion weld field seams that contain Leistered rack welds will be
subjected to NSF Standard No. 54 test criteria. Any test coupons that fail to meet these
criteria is considered a failure. If any more than one test coupon in the shear strength test
fails to meet the NSF Standard No. 54 test criteria. then the test will be considered a f3.ilure
and will be followed up as stated in Section 9.10.3 of the Quality Assurance Manual. In
addition. the laboratory technician performing the test will observe the yield areas of all
extrusion weld destructive test coupons and record if the yield originated in the Leisteredarea.

FIELD APPUCATIONS:

I. The operating temperature of each Leister tool in use will be recorded at least daily by the
Geosynthetic QAC, and compared against the typical operating temperature.

If a panicular Leister operator is abusive in the field or does not appear to be knowledgeable
about Leistering procedures, tbe operator may be disqualified from Leistering on tbe
recommendation of the Geosynthetic QAC monitor to tbe Owner.

2. The Geosynthetic QAC monitor shall periodically observe the field use of the Leister
procedure and report cases of abuse.

~.
3,

4. In extraordinary cases such as anticipated events of rain or high winds or in areas such as
the crest and toes of slopes, continuous Leister of patches may be allowed but only with
supplemental approval from the Quality Assurance Officer. The Qualiry Assurance Officer
shall document the circumstances of approval and consult the NYSDEC construction observer
immediately if available or, if not available, at the next earliest time.

5. The Project manager shall be notified if installer doe~ not follow the procedures outlined in
the approved QC Protocol for the use of the Leister.

PCfMOD ELCITIMODEUffiW

• CWM
QAM: F-4 November 1992

'.
:It J. minimum, equal or exceed project technical specifications and criteria recommended in
Table 4 of the National Sanitation Foundation (NSF) Standard No. 54-1991. :-\ny trial se:un
test coupon which does not meet any of these test criteria will be considered a f3.ilure.Follow-up procedures for failed trial seams are stated in Section 9,10.

Additionally. the Geosynthetic QAC monitor shall detennine if any failure in a test seam
coupon was a result of the use of the Leister. If it is detennined that the cause of failure was
from the use of the Leister, then that Leister operator will be disqualified for the day.

Destructive testing of extrusion weld field seams that contain Leistered rack welds will be
subjected to NSF Standard No. 54 test criteria. Any test coupons that fail to meet these
criteria is considered a failure. If any more than one test coupon in the shear strength test
fails to meet the NSF Standard No. 54 test criteria. then the test will be considered a f3.ilure
and will be followed up as stated in Section 9.10.3 of the Quality Assurance Manual. In
addition. the laboratory technician performing the test will observe the yield areas of all
extrusion weld destructive test coupons and record if the yield originated in the Leisteredarea.

FIELD APPUCATIONS:

I. The operating temperature of each Leister tool in use will be recorded at least daily by the
Geosynthetic QAC, and compared against the typical operating temperature.

If a panicular Leister operator is abusive in the field or does not appear to be knowledgeable
about Leistering procedures, tbe operator may be disqualified from Leistering on tbe
recommendation of the Geosynthetic QAC monitor to tbe Owner.

2. The Geosynthetic QAC monitor shall periodically observe the field use of the Leister
procedure and report cases of abuse.

~.
3,

4. In extraordinary cases such as anticipated events of rain or high winds or in areas such as
the crest and toes of slopes, continuous Leister of patches may be allowed but only with
supplemental approval from the Quality Assurance Officer. The Qualiry Assurance Officer
shall document the circumstances of approval and consult the NYSDEC construction observer
immediately if available or, if not available, at the next earliest time.

5. The Project manager shall be notified if installer doe~ not follow the procedures outlined in
the approved QC Protocol for the use of the Leister.

PCfMOD ELCITIMODEUffiW

• CWM
QAM: F-4 November 1992


	APPENDIX D-8 - RMU-1 CONSTRUCTION QUALITY ASSURANCE MANUAL
	Appendix A - Test Fill Program for New Clay and GCL Final Cover Protective Soil Sources
	Appendix B - Guidance on Bulk Hydraulic Conductivity Test and a Test Fill
	Appendix C - Requirements for Designing Acceptable Zone for Compaction Control
	Appendix D - Additional Clay Barrier Placement Requirements to be Monitored
	Appendix E - Parties Involved
	Appendix F - Leister Bond Procedures



