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F.3 
Appendix E Excerpt – Geomembrane Compatibility 
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F.4 
Appendix H Excerpt – Piping and Permeability 
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F.5 
Appendix F Excerpt – Saturated Head Over Liner Calculation 
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F.6 
Appendix G Excerpt – Pipe Strength Calculations 
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F.7 
Appendix J Excerpt – Global Stability 
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Appendix G: Construction Quality Assurance Plan 
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Section 1 
Introduction

1.1 Project Background 
This report presents the Construction Quality Assurance (CQA) Plan for the Dairyland Power
Cooperative (DPC) Phase IV Ash Disposal Facility. The landfill consists of approximately
32.1 acres and is owned by DPC. This site is located in the NE ¼ of the NE ¼ of Section 19 and
portions of Sections 18 and 20, T21N, R12W Town of Belvidere, Buffalo County, Wisconsin.

This CQA Plan has been prepared for, and is included in, the submittal of the Plan of Operation
for the DPC Phase IV Ash Disposal Facility. This CQA Plan is intended to be a �working�
document, in other words, one that is updated to reflect changes in specific materials, in
installation practices, industry standards, or in tests and test methods.

1.2 Purpose and Scope 
The purpose of this CQA Plan is to address the quality assurance procedures and requirements
for the construction at the proposed DPC Phase IV Ash Disposal Facility, including all earthen
materials (low permeability layer, general soil, granular soil, and topsoil) and synthetic
materials (geomembrane, geotextile, geosynthetic clay liner, and piping).

This CQA Plan provides procedures that will ensure that all of the landfill components are
constructed in a manner that will maximize their performance and that will safeguard
components from damage during construction. The plan procedures will also ensure that the
landfill (composite liner and cover) is constructed, tested, and documented in accordance with
the design criteria and regulatory requirements.

The scope of this report includes general CQA requirements in regard to the roles,
responsibilities, and qualifications of parties involved; the preconstruction activities; and the
general inspection and documentation procedures. Specifically, this plan establishes
requirements for construction procedures and observation, field and laboratory testing
frequencies and methods, and acceptance criteria for each component of the composite liner and
cover. Testing and acceptance criteria are based on Chapter NR 500, Wisconsin Administrative
Code (WAC), requirements where applicable. Geomembrane testing and acceptance criteria are
based on representative manufacturer�s product data, and on current acceptable industry
standards and practice.
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The CQA Plan addresses the construction of the following systems within the landfill facility:

Low permeability layer

General soil

Granular soil

Topsoil

Geomembrane

Geotextile

Geosynthetic clay liner

Piping

1.3 Quality Assurance and Quality Control 
Quality assurance and quality control are defined as follows:

Quality assurance A planned and systematic pattern of all means and actions designed to
provide adequate confidence that materials or services meet contractual and regulatory
requirements. This is typically performed to ensure the purchaser, owner, and/or
regulatory agencies that delivered materials or services are of desired quality.

Quality control Those actions that provide a means to measure and regulate the
characteristics of a material or service to meet contractual and regulatory requirements.
This typically is performed by, or for, the provider of materials or services as a control
mechanism on the quality of the provider�s efforts.

In the context of this manual, the terms are further defined as follows:

Quality assurance refers to the means and actions employed by the CQA Officer to ensure
conformity of the systems� installation with the CQA Plan and the construction plans and
specifications. Quality assurance is primarily provided by an independent third party
(consultant or laboratory) under the oversight of the CQA Officer.

Quality control refers to those actions taken by the Manufacturer, Fabricator, or
Contractor/Installer to provide materials and workmanship that meet the requirements of
the CQA Plan and the construction plans and specifications. Some testing efforts required
by this CQA Plan may serve as both quality control and quality assurance measures.

1.4 General Testing Requirements 
This CQA Plan includes references to test procedures of the American Society for Testing and
Materials (ASTM) and the Geosynthetics Research Institute (GRI). Test procedure references
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are always to the latest approved version up to the date of this document, unless specifically
stated otherwise in this document.

Tests will be performed in strict accordance with the referenced test procedure and the
description included in this plan, unless indicated otherwise. Any deviations to test procedures
called out in this plan must be approved, in writing, by the CQA Officer prior to
commencement of any work.
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Section 2 
CQA Roles, Responsibilities, and Qualifications 

2.1 CQA Officer 
The CQA Officer will supervise and be responsible for all observation, testing, and related
construction documentation as described in this CQA Plan. The CQA Officer will be
responsible for preparing the construction documentation report to certify substantial
compliance with appropriate sections of Chapter NR 500. The CQA Officer will be a
Professional Engineer registered in the State of Wisconsin.

The CQA Officer may delegate daily observation and documentation, testing, and sampling
duties to a qualified technician or engineer with experience in the assigned aspect of
construction who will serve as the Resident Project Representative (RPR). Although these
duties may be delegated, the CQA Officer will retain the responsibility for these activities.

2.2 Resident Project Representative (RPR) 
The RPR will carry out daily observation, testing, and sampling duties under the direct
supervision of the CQA Officer as required by NR 516.04. The RPR will be a qualified
technician or engineer with experience in the assigned aspect of construction. The RPR will
observe and document construction and installation procedures. The RPR will prepare daily
summary reports and will routinely transmit these to the CQA Officer. The RPR will
immediately notify the CQA Officer of problems or deviations from the CQA Plan or
construction plans and specifications. Reporting, documentation, and resolution of problems
and deficiencies will be carried out as described in Section 4. The RPR will not have authority
to approve design or specification changes without the consent of the CQA Officer.

2.3 Soil Testing Laboratory 
The Soil Testing Laboratory retained will be experienced in landfill construction soil testing, the
American Society of Testing and Materials Standards (ASTM), and other applicable standards.
The selected laboratory will be required to be responsive to the project needs by providing test
results within reasonable time frames. This will include providing verbal communication on
the status of ongoing tests and immediate communication of test results as needed to facilitate
ongoing construction. Such information may include hydraulic conductivity test data,
maximum dry density and optimum moisture content values, and borrow source
characterization data. Final laboratory reports will be certified by the soil testing laboratory and
submitted to the CQA Officer.
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2.4 Geosynthetics Testing Laboratory/Laboratories
The Geosynthetics Testing Laboratory/Laboratories will have experience in testing
geosynthetics in accordance with standards developed by ASTM, Geosynthetics Research
Institute (GRI), and other applicable test standards. The selected laboratory/laboratories will be
required to be responsive to the project needs by providing test results within reasonable time
frames. Final laboratory reports will be certified by the geosynthetics testing
laboratory/laboratories and will be submitted to the CQA Officer.

2.5 Construction Contractor 
The Construction Contractor�s role will be to furnish earthwork, construction, and piping
installation, and to provide overall construction responsibility for the completion of the landfill
facility. The Construction Contractor will be experienced in solid waste landfill construction,
knowledgeable about low permeability soil liner construction techniques, and familiar with
geosynthetic installations. The term �Contractor� is used interchangeably with �Construction
Contractor� in this plan.

2.6 Geosynthetics Installers 
The Geosynthetics Installer is the company hired by the Construction Contractor or owner to
install the geosynthetic components referenced in this manual and to perform the
nondestructive seam testing of the geomembrane as required by this plan. The term �Installer�
is used throughout this plan when reference is made to the tasks and responsibilities of a
Geosynthetics Installer.

The Installer will be trained and qualified to install the various geosynthetic components
covered by this plan. The Installer of the geomembranes will be approved and/or licensed by
the Manufacturer.

Prior to confirmation of any contractual agreements, the Installer of the geomembrane and
geosynthetic clay liner (GCL) will provide the CQA Officer with the following written
information, which must be approved by the CQA Officer:

Corporate background information.

Installation capabilities.

— Information on equipment and personnel

— Quality control manual for installation

A list of at least 10 completed facilities, totaling a minimum of 2,000,000 square feet for
which the Installer has completed the installation of polyethylene geomembrane. For each
installation, the following information will be provided:
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— Name and purpose of facility, its location, and date of installation

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

— Thickness and type of polyethylene geomembrane and the surface area of the
installed geomembrane

A list of at least 10 completed facilities, totaling a minimum of 1,000,000 square feet for
which the Installer has completed the installation of GCL. For each installation, the
following information will be provided:

— Name and purpose of facility, its location, and date of installation

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

— Type of GCL and the surface area of the installed GCL

All personnel performing geomembrane seaming operations will be qualified by experience
or by successfully passing seaming tests for the seaming methods to be used. At least one
seamer will have experience seaming a minimum of 2,000,000 square feet of polyethylene
geomembrane using the same type of seaming apparatus in use at the site. The most
experienced seamer, the �master seamer,� will provide direct supervision, as required, over
less experienced seamers. No field seaming will take place without an experienced seamer
(meeting the seaming criteria stated above) being present.

The Installer will provide the CQA Officer with a list of proposed seaming and testing
personnel, and their professional records, prior to installation of the geosynthetics. This
document will be reviewed by the CQA Officer. Any proposed seaming personnel deemed
insufficiently experienced will not be accepted by the CQA Officer or will be asked to pass a
seaming test.

The Installer will designate one representative as the Superintendent, who will represent
the Installer at all site meetings and who will be responsible for acting as the Installer�s
spokesperson on site. This Superintendent will be prequalified for this role, on the basis of
experience, management ability, and authority.
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Section 3 
Preconstruction Activities 

3.1 Preconstruction Meeting 
Prior to commencement of each phase (i.e., cell or module) of construction at the landfill facility,
a preconstruction meeting will be held. This meeting will include the parties involved in the
construction, including the CQA Officer or designated representative, the RPR, the
Construction Contractor, the Installer, and the Owner. If the Installer does not attend the
preconstruction meeting, a second meeting, the preinstallation meeting, will be conducted with
the Installer.

The purpose of this meeting is to begin the planning and coordination of construction tasks; to
identify potential problems that might cause difficulties and delays in construction; to properly
interpret the design intent by the Contractor(s); and to present the CQA Plan to all of the parties
involved. It is important that the rules regarding testing, repairs, etc., be known and accepted
by each party to this plan.

Specific topics considered for this meeting include the following, but will be dependant on the
presence of the Installer:

Review critical design details of the project, including the plans and specifications.

Review measures for surface water runoff and runon diversion control, including sump
locations, siltation control, and pumping requirements.

Make appropriate modifications to the CQA Plan; develop project specific addendums (if
necessary).

Review the responsibilities of each party.

Review lines of authority and communication.

Review methods for documenting and reporting and for distributing documents and
reports.

Review requirements of the soil testing laboratory and the geosynthetics testing laboratory
regarding sample sizes, methods of collection, and shipment. Also, review turn times for
sample data and their implications on the construction schedule, pending receipt of
acceptance data.

Review the number and locations of the tests required for soil and geosynthetic
components.
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Review precautions to be taken to maximize bonding between lifts of compacted soil.

Review the method for splicing segments of the compacted soil liner and cover.

Review precautions to be taken to minimize desiccation cracking of the subbase layer
surfaces.

Review methods of subbase layer surface preparation and approval prior to GCL
placement.

Establish rules for writing on the geomembrane (i.e., who is authorized to write, what can
be written, and in which color); and outline procedures for packaging and storing archive
samples.

Review GCL and geomembrane panel and seam layout diagrams and numbering systems.

Establish procedures for use of the geomembrane welding apparatus.

Establish appropriate intervals for geomembrane seamers to record operating and ambient
data.

Finalize geomembrane field cutout sample sizes.

Review geosynthetic repair procedures.

Review the time schedule for all operations.

Establish procedures for deployment of materials over completed GCL and geomembranes
emphasizing protection of both layers. Specific discussion will address the deployment of
textured geomembrane over the GCL and the deployment of select granular fill on the
sidewalls.

Observe where the site survey benchmarks are located, and review methods for
maintaining vertical and horizontal control.

Review permit documentation requirements.

Review the survey documentation tables and plans that identify the locations where survey
documentation information is required.

Conduct a site walk around to review material storage locations and general conditions
relative to construction.

Set up a time and place for regular construction progress meetings.

The meeting will be documented by the RPR or CQA Officer, and minutes will be distributed to
all parties involved in the construction project.
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3.2 Preconstruction Submittal 
Prior to installation of the geosynthetics in each landfill area, a preconstruction submittal will be
prepared and submitted to the WDNR a minimum of 15 days prior to the preconstruction
meeting or the preinstallation meeting, whichever is applicable, depending on the Installers
attendance at the preconstruction meeting. The preconstruction submittal will include the
following information required under s. NR 516.04(5).

Identification of the fabricators and installers selected for geomembrane and other
geosynthetics

Final version of the construction quality assurance plan, incorporating input, if any, from
the selected installers, and documenting qualifications of the third party construction
quality assurance organization and testing laboratories

Any modifications to the installation plan, with the final proposed version of the panel
layout diagrams and any revisions to details of seaming, patching, penetrations, use of
prefabricated specialty sections, or repair methods

3.3 Preinstallation Meeting 
Prior to commencement of the geomembrane installation, a preinstallation meeting will be held
if the Installer is not present at the preconstruction meeting. This meeting will include the
parties involved in the installation of the geosynthetics, including the RPR, the Construction
Contractor, and the Installer.

The purpose of this meeting is to begin the planning and coordination of installation tasks; to
identify potential problems that might cause difficulties and delays during the installation; and
to present the CQA Plan to all of the parties involved. It is important that the rules regarding
testing, repairs, etc., be known and accepted by each party to this plan.

Specific topics considered for this meeting include the following:

Review critical design details of the project, including the plans and specifications.

Make appropriate modifications to the CQA Plan; develop project specific addendums (if
necessary).

Review the responsibilities of each party.

Review lines of authority and communication.

Review methods for documenting and reporting and for distributing documents and
reports.

Establish rules for writing on the geomembrane (i.e., who is authorized to write, what can
be written, and in which color); and outline procedures for packaging and storing archive
samples.
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Review GCL and geomembrane panel and seam layout diagrams and numbering systems.

Establish procedures for use of the geomembrane welding apparatus.

Establish appropriate intervals for geomembrane seamers to record operating and ambient
data.

Finalize geomembrane field cutout sample sizes.

Review geosynthetic repair procedures.

Review the time schedule for all operations.

Establish procedures for deployment of materials over completed GCL and geomembranes
emphasizing protection of both layers. Specific discussion will address the deployment of
textured geomembrane over the GCL and the deployment of select granular fill on the
sideslopes.

Review permit documentation requirements.

The meeting will be documented by the RPR or CQA Officer, and minutes will be distributed to
all parties involved in the construction project.
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Section 4 
General Construction 

Observation and Documentation 
This section describes progress meetings, general documentation procedures to be
implemented, including the use of forms, the identification and resolution of problems or
deficiencies, and photographic documentation.

4.1 Progress Meetings 
Progress meetings will be held regularly at the work area. At a minimum, the meeting will be
attended by field supervisory and CQA personnel. The purposes of the meeting are as follows:

Review health and safety issues.

Review the work activity since the last progress meeting.

Discuss the Contractor�s and Installer�s personnel and equipment assignments.

Review the work schedule.

Discuss possible problems.

Review any new test data.

Review data documentation requirements.

The meetings will be documented by a person designated at the beginning of the meeting, and
minutes will be transmitted to all parties.

4.2 Daily Reports 
A daily summary report will be prepared by the CQA Officer, or the RPR under direct
supervision of the CQA Officer, for each day of activity and will include the following
information:

Date, project name, location, report preparer�s name, and the names of representatives on
site performing CQA under the supervision of the CQA Officer

Time work starts and ends each construction work day, along with the duration and reason
for work stoppages (i.e., weather delay, equipment shortage, labor shortage, unanticipated
conditions encountered, etc.)

Data on weather conditions, including temperature, humidity, wind speed and direction,
cloud cover, and precipitation
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Construction contractor�s work force, equipment in use, and materials delivered to, or
removed from, the job site

Chronological description of work in progress, including locations and type of work
performed

Summary of meetings held and a list of those in attendance

A description of materials used and references or results of testing and documentation

Discussion of problems/deficiencies identified and corrective actions taken as described in
Subsection 4.4. (Problem/Deficiency Identification and Corrective Action)

Identification/List of laboratory samples collected, marked, and delivered to laboratories, or
clear reference to the document containing such information

An accurate record of calibrations, recalibrations, or standardizations performed on field
testing equipment, including actions taken as a result of recalibrations, plus the results of
other data recording, such as geomembrane seam barrel temperature.

Field data sheets containing the following information, as necessary, will be prepared daily by
each representative:

Test or sample location and elevation

Type of documentation (e.g., field moisture/density test, etc.)

Procedures used

Test data (e.g., proctor value, etc.)

Results

Personnel involved in the documentation and sampling activities

Signature of the person performing the documentation

4.3 Forms, Checklists, and Data Sheets 
Additional forms may be developed during the course of the project to provide specific needs,
such as geomembrane or GCL CQA documentation, or simply to improve the efficiency of data
collection. New forms will be approved by the CQA Officer prior to their use.

4.4 Problem/Deficiency Identification and Corrective Action 
Problem and/or deficiency identification and corrective action will be documented in the daily
report when a construction material or activity is observed or tested that does not meet the
requirements set forth in this plan. The daily report should clearly reference other reports,
photographs, or forms that contain data or observations leading to the determination of a
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problem or deficiency. Problem and/or deficiency identification and corrective action
documentation may include the following information:

A description of the problem or deficiency, including reference to supplemental data or
observations responsible for determining the problem or deficiency.

The location of the problem or deficiency, including how and when the problem or
deficiency was discovered, and an estimate of how long the problem or deficiency has
existed.

An opinion as to the probable cause of the problem or deficiency.

A recommended corrective action for resolving the problem or deficiency. If the corrective
action has already been implemented, then the observations and documentation to show
that the problem or deficiency has been resolved should be included. If the problem or
deficiency has not been resolved by the end of the day upon which it was discovered, then
the report will clearly state that it is an unresolved problem or deficiency. Subsequent daily
reports will indicate the status of problems or deficiencies until they are resolved.

If the problem or deficiency has not been resolved, then the CQA Officer and the RPR will
discuss the necessary corrective actions. The CQA Officer will work with the Owner and
Construction Contractor to implement actions as necessary to resolve the problem or deficiency.
A description of such problems or deficiencies and corrective actions implemented will be
provided in the Construction Documentation Report.

The CQA Officer, working with the Owner and Construction Contractor, will determine if the
problem or deficiency is an indication of a situation that might require changes to the plans and
specifications and/or the CQA Plan. Revisions to the plans or specifications or the CQA Plan
must be approved by the CQA Officer and the site Owner after consultation with the WDNR.
Documentation of the WDNR�s concurrence and/or conditions regarding proposed changes will
be incorporated into the Construction Documentation Report.

4.5 Photographic Documentation 
Photographs will be taken to document observations, problems, deficiencies, corrective actions,
and work in progress. Photographs will be in 35 mm slide or print format or digital and will be
filed in chronological order in a permanent protective file by the CQA Officer or the RPR.

The following information will be documented in the daily report or a log book for each
photograph:

Date and time

Information regarding the orientation of the photograph itself for proper viewing (e.g.,
looking south)
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Description of the subject matter

Unique identifying number for reference in reports

4.6 Surveying 
Documentation surveying requirements for each composite liner or cover component are
described in their respective report sections. Required surveying will be performed by
personnel experienced in construction surveying under the supervision of the CQA Officer.
Surveys will be based on survey control points previously established at the site. Elevations
will be based on mean sea level (M.S.L.) datum, and coordinates will be based on the Wisconsin
State Plane Coordinate System. The location of field tests and samples will be recorded.
Generally, these locations can be determined by reference to nearby construction stakes or
markings; however, if such convenient reference is not readily available, the CQA Officer or the
designated RPR will be responsible to provide or request survey control.
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Section 5 
Low-Permeability Layer 

5.1 General
This section includes the quality assurance requirements for placement, backfilling, and
compaction of the compacted select 2 foot low permeability subbase soil layer (low
permeability layer) as part of the landfill liner. The low permeability layer material will be
obtained from on site excavations of loess material. All field tests, soil sample types, and
survey measurements will be recorded in the daily construction reports (see Subsection 4.2) as
record construction data, including locations (by coordinates) and elevations of field tests and
laboratory sample points.

5.2 Procedures and Observation 
The RPR will observe the low permeability layer construction activities and will document
relevant observations to support certification of the following requirements:

The RPR will confirm the uniformity of the excavated soil to be used as the low
permeability layer. Soil placement will be monitored for segregation and removal of
unsuitable material and for changes in soil type, color, texture, and moisture content.

The Construction Contractor will segregate and/or remove unsuitable materials, such as
granular soil, silty or sandy clay not meeting acceptance criteria, boulders, cobbles, and
organic material. Due to the thin and laterally discontinuous nature of the loess material,
special care will be taken during the excavation of the low permeability layer. As
determined necessary during construction, the cleanest loess deposits will be segregated for
use in the final lift (below the GCL). In addition, a provision for screening will be included
in the technical specifications to allow processing of the loess material if the material
specifications cannot be otherwise achieved.

The RPR will observe the placement of the low permeability layer and will measure field
densities and moisture contents, using methods described in Subsection 5.3 (Sampling
Requirements and Acceptance Criteria), to document that the soil is in substantial
conformance with the placement specifications and that soil placement has been conducted
in a manner to achieve a uniform, homogeneous mass.

Voids created by nuclear density gauge (NDG) probes or as the result of Shelby tube
samples will be backfilled with granular bentonite.

Areas of unacceptable density or moisture content, as defined by Subsection 5.3 (Sampling
Requirements and Acceptance Criteria), will be documented by the RPR. Corrective action
will consist of moisture conditioning of the soil and/or additional compactive effort as
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necessary. Methods for moisture conditioning soil are described below. Following
corrective actions, such areas will be retested.

If necessary, surfaces of liner to receive successive lifts of low permeable soil will be
moisture conditioned either by scarification and addition of water where desiccated, or by
discing and air drying where saturated to promote effective bonding of lifts. Following
scarification, water will be applied with a spray bar applicator or equivalent method to
achieve uniform distribution.

Soil placement will be performed in a manner to achieve continuous and complete keying
together of low permeable layer construction areas. Stepped joints will be utilized to
connect lateral segments of low permeable soil layer construction.

No frozen soil will be used to construct the low permeability layer. Frozen soil in the
compaction work area will be removed.

Stones and other penetrating objects 1 inch or larger protruding from the surface of the
final lift of low permeability layer will be removed to avoid puncturing the GCL and/or
geomembrane. The RPR will observe the liner during this process and will document the
removal of stones and other objects by the Contractor. Voids made by the removal of
stones will be filled with low permeable soil or bentonite, and the entire liner surface will
be rolled with a smooth drum compactor.

Preconstruction planning will be undertaken to sequence construction activities to
minimize the length of time any portion of the low permeability layer surface will be
exposed prior to receiving protective cover. Protective cover will be provided by the
installation of the GCL and the geomembrane.

5.3 Sampling Requirements and Acceptance Criteria 
Field and laboratory sampling frequencies are based on the area or volume of material placed.
This section describes the required analyses, methods, sample frequencies, and acceptance
limits. The RPR will perform field tests and will collect soil samples for laboratory analysis.

5.3.1 Field Testing 

The following field testing methods will be used by the RPR during construction:

PARAMETER METHOD 

Moisture content ASTM D3017 

Soil density  ASTM D2922 Method B 

Field density and moisture content tests will be performed on a 100 foot grid pattern for
each 1 foot thickness of compacted low permeable soil placed. The testing pattern will
be offset on alternate lifts. In confined areas where compaction equipment is hindered
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or hand compaction is necessary, a minimum of two field density and moisture content
tests will be performed for each 1 foot thickness of low permeable soil placed.

Field Testing Acceptance Criteria 

Acceptance criteria for field density will require soil compaction to a minimum
of 90 percent of the Modified Proctor (ASTM D1557) maximum dry density.
Moisture content requirements will be at least wet of optimum. The acceptable
range will be based on Proctor moisture density relationships and compaction
versus permeability relationships.

5.3.2 Laboratory Testing 

Routine laboratory testing of the low permeability layer will be performed on samples
from the soil borrow area and on the in place soil samples collected by the RPR.
Samples for determining in place properties will be collected by pushing Shelby tubes.
Soil characteristics will be determined from representative samples and from Shelby
tube samples.

Undisturbed Sample Analysis 

One undisturbed sample will be taken for each acre or less for every 1 foot
thickness of soil placed and will be submitted to the Soil Testing Laboratory.

The following analyses will be performed on all undisturbed samples obtained:

PARAMETER TEST METHOD 

Moisture content and dry density ASTM D2216 

Representative Sample Analysis 

Representative (grab) samples will be obtained on the basis of three criteria.
First, an initial sample will be obtained from the borrow source and analyzed
prior to construction. This will confirm soil characteristics and provide an
initial maximum dry density and optimum moisture content for field
moisture/density testing. Second, routine samples will be obtained for every
5,000 cubic yards placed. Third, in the event that changes in physical
appearance or soil characteristics are observed, a sample will be obtained and
analyzed. The maximum dry density and optimum moisture content values
used for compaction testing may be adjusted during the course of liner
construction based on the results of the above sampling.
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The following laboratory analyses will be performed on all representative
samples obtained:

PARAMETER TEST METHOD 

Moisture-density relationship using 
Modified/Standard Proctor compaction 

ASTM D1557 (a, b)/
ASTM D698 (a, b)

Notes:
(a) Five-point Proctor analysis required for first and second sampling criteria. 
(b) A one-point Proctor analysis may be utilized for representative samples collected for the third  
 sampling criteria (apparent changes in soil quality) to verify applicability of previously analyzed  
 moisture-density relationships.  If the result does not verify applicability, then a five-point analysis  
 will be performed in accordance with the first sampling criteria. 

5.4 Thickness Documentation 
The top of the low permeability layer grades will be surveyed on the same 50 foot grid pattern
and key locations surveyed for the subbase grades. Key locations include breaks in grade, toes
of slopes, mid points, and tops of sideslopes. In the alignment for leachate collection lines,
bottom of trench elevations will be surveyed at 25 foot intervals (or 50 foot intervals if a total
station or laser equipment is used to set elevations) in the same locations surveyed for trench
undercuts. The low permeability layer thickness will be determined at surveyed locations and
reported in a tabular fashion. The minimum acceptable liner thickness will be 2 feet
( 0.0/+0.1 foot).



RMT, Inc. | Dairyland Power Cooperative 19
\\NTAPB MADISON\MSN VOL6\ \WPMSN\PJT2\216851\0005\000002\FILES FOR L 001\ATTACHMENT 5\2_CQA PLAN.DOC 7/20/16Working Copy Revised February 2007 July 2003

Section 6 
General Soil 

6.1 General
This section includes the quality assurance requirements for placement, compaction, and
grading of general soil (i.e., general fill). General soil may be any inorganic soil. General soil
will be used in the construction of the following landfill components:

Final cover

Access roads

Berms

All field tests, soil sample types, and survey measurements will be recorded in the daily
summary reports (see Subsection 4.2) as record construction data, including locations (by
coordinates) and elevations of all field tests and laboratory sample points.

6.2 Procedures and Observation 
The RPR will observe general soil placement activities and will document relevant observations
to support certification of the following requirements:

The RPR will periodically observe loads of general fill for general conformance to material
specifications and may randomly sample loads. The RPR will perform routine
conformance sampling as defined in Subsection 6.3.2.

General soil used as the grading layer will have no stones or other penetrating objects
1 inch or larger protruding from the surface of the final lift. The RPR will observe the
grading layer during placement and will document the removal of stones and other objects
by the contractor. Voids made by the removal of items will be filled with general fill or
bentonite, and the entire layer will be rolled with a smooth drum compactor.

No frozen soil will be used for backfilling. Any frozen soil in the compaction work area
will be removed.

Loose lift thickness for general soil compaction will not exceed 18 inches.

General soil used as structural fill (e.g., access roads and berms) will be placed with a
compacted effort to achieve a minimum of 90 percent or 95 percent of the maximum dry
density as determined by the modified or standard Proctor test, respectively.
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Unacceptable compaction density, as defined above, will be reported to the CQA Officer by
the RPR. Corrective action will consist of moisture conditioning of the soil and/or
additional compactive effort as necessary.

Field densities using methods described in Subsection 6.3.1 will be measured to document that
the in place soil is in substantial conformance with the required density.

6.3 Sampling Requirements and Acceptance Criteria 
No field or laboratory testing of general soil will be required.

Routine laboratory testing of the general soil will be performed on samples from the general soil
borrow area or stockpile for general soil used as structural fill. The following laboratory test
method will be performed by the Soil Testing Laboratory on samples collected by the RPR:

PARAMETER TEST METHOD 

Moisture/Density using Modified or  
Standard Proctor compaction 

ASTM D1557 or ASTM D698 

Samples of the borrow area or stockpiled soil will be collected by the RPR prior to the use of the
material and whenever physical appearance or other changes are noticeable. These samples will
be submitted to the Soil Testing Laboratory for the above testing.

6.4 Thickness Documentation 
Base and top of subbase grades for the final cover grading layer will be documented on an
approximate 100 foot grid for cells larger than 4 acres and on an approximate 50 foot grid for
cells smaller than 4 acres, and at other key locations, such as breaks in grade, toes of slope, mid
points, and tops of slopes. In the alignment for leachate collection undercuts, the bottom of
trench undercut elevations will be surveyed at 25 foot intervals. The minimal acceptable
thickness will be 6 inches. The allowable tolerance in elevation will be 0.1 foot.

Top of final cover rooting zone grades will be surveyed on an approximate 100 foot grid for
cells larger than 4 acres and on an approximate 50 foot grid for cells smaller than 4 acres, and at
other key locations, such as breaks in grade and toes of slopes. The minimum acceptable
thickness will be 1.0 foot. The allowable tolerance in elevation will be 0.1 foot

In addition to survey measurements for elevation, measurements for horizontal location will
also be performed using previously established horizontal control to document the boundaries
and alignment of the general soil placement.
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Section 7 
Granular Soil 

7.1 General
Granular soil includes select granular fill and pipe bedding material. Select granular fill refers
to material used for the granular drainage layer overlying the geomembrane liner and for the
granular drainage layer in the final cover. The pipe bedding material refers to the gravel to be
used for structural support of the leachate collection pipes. Limestone and dolomite stone will
not be used in the leachate collection system unless no other suitable material is reasonably
available. The gravel should be rounded to subangular.

7.2 Procedures and Observation 
The RPR will observe granular soil placement activities and will document relevant
observations to support certification of the following requirements:

The RPR will periodically observe loads of granular soil for general conformance to
material specifications and may randomly sample loads. The RPR will perform routine
conformance sampling as defined in Subsection 7.3.

Guidance will be provided to the machine operators placing soil on the geomembrane by
the use of an observer with an unobstructed view of the advancing lift of granular soil.

No trucks or heavy equipment will travel directly on the geomembrane. Only low ground
pressure tracked equipment (< 5 psi) may operate over the geomembrane when there is a
minimum 12 inch�thick layer of select granular fill in place. Flotation tire equipped
vehicles and tracked vehicles may not travel over the geomembrane unless a minimum of
2 feet of select granular fill are in place. Traditional rubber tired equipment may not travel
over the geomembrane unless a minimum of 3 feet of select granular fill are in place.
Procedures for deployment of pipe, sand, gravel, and/or geotextiles overlying
geomembranes will be planned at the preconstruction meeting. Special requirements for
geomembrane protection and equipment necessary to deploy materials must be approved
by the CQA Officer.

Care will be exercised during placement of granular soil to prevent undue damage to pipes,
geomembrane, and geotextiles. Stone will not be dropped from a height greater than 3 feet
above the pipe trench.

A geotextile cushion will be placed between the geomembrane and the pipe bedding
material placed in the leachate collection trenches.
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A minimum of 4 inches of pipe bedding material will be placed under leachate collection
pipes prior to pipe placement, and a minimum of 12 inches of bedding material will be
placed over the top of the leachate collection pipes.

If granular soil is stockpiled on site prior to use, measures will be taken to minimize contamination
by fines such as wind blown particles and surface soil during loading operations.

7.3 Sampling Requirements and Acceptance Criteria 
Field sampling and laboratory testing frequencies are based on proportionate sampling of
construction areas or volumes of material placed as specified by s. NR 516.06. This section
describes the required analyses, methods, sampling frequencies, and acceptance limits. The
RPR will collect soil samples for laboratory analysis.

7.3.1 Field Testing 

No field testing will be required for select granular fill or pipe bedding material soil.
However, as stated in Subsection 7.2 above, the RPR will perform a visual inspection of
this soil for conformance to material specifications and may randomly sample deliveries.

7.3.2 Laboratory Testing 

Representative (grab) samples will be obtained from the proposed select granular fill
and pipe bedding material sources prior to delivery of the material. The source
sampling frequency will be dependent on the apparent uniformity of the source and
must be approved by the CQA Officer.

Grab samples of granular material placed will be collected and analyzed as follows:

SOIL TYPE FREQUENCY PARAMETER TEST METHOD 

Select granular fill 1/1,000 CY (a, b) Grain size ASTM D422(c)

Select granular fill 1/2,500 CY (b, d) Remolded hydraulic 
conductivity 

ASTM D2434 

Pipe bedding material 1/1,000 LF of trench (e) Grain size ASTM D422(c)

Pipe bedding material 
(solid-wall leachate or 
transfer pipes) 

1/1,000 LF of trench Grain size ASTM D422(f)

Notes:
(a) For lesser volumes, a minimum of four samples will be tested. 
(b) This frequency may be reduced for uniform sources.  Proposed reductions will be submitted for WDNR approval  
 prior to implementation. 
(c) Testing is required only to the #200 sieve. 
(d) For lesser volumes, a minimum of two samples will be tested. 
(e) For documentation areas with less than 3,000 feet of pipe trench, a minimum of three samples will be tested. 
(f) Testing is required only to the #4 sieve. 
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Laboratory Testing Acceptance Criteria   

Select granular fill material will contain no more than 5 percent by weight of
fines passing the #200 sieve, will have a uniformity coefficient less than 4 for
gravelly soil and less than 6 for sandy soil, and will have a remolded hydraulic
conductivity of 1 x 10 2 cm/s or greater at the anticipated field density. Select
granular fill with material retained on the #4 sieve will require a geotextile
cushion between the geomembrane and select granular fill (see Section 9). Pipe
bedding material will have a uniformity coefficient less than 4, will contain no
more than 5 percent by weight passing the #4 sieve, will have a maximum
particle diameter of ½ inch, and will have a rounded to subangular particle
shape.

7.4 Thickness Documentation 
The finished elevation of the select granular fill drainage layer portion of the composite liner
system will be surveyed on a 50 foot grid. The finished elevation of the select granular fill
drainage layer portion of the final cover system will be surveyed on a 100 foot grid (50 foot grid
for areas less than 4 acres). The minimum acceptable drainage layer thickness will be 12 inches
( 0.0/+0.2 foot). Gravel placed along collection pipe alignments will be surveyed for elevation
prior to pipe placement and following pipe backfilling at 25 foot intervals (50 foot intervals if a
total station or laser equipment is used to set elevation) to document the thickness of gravel
placed below pipe inverts and above the top of pipe.



RMT, Inc. | Dairyland Power Cooperative 24
\\NTAPB MADISON\MSN VOL6\ \WPMSN\PJT2\216851\0005\000002\FILES FOR L 001\ATTACHMENT 5\2_CQA PLAN.DOC 7/20/16Working Copy Revised February 2007 July 2003

Section 8 
Topsoil

8.1 General
This section includes the quality assurance requirements for the excavation and placement of
the topsoil and for the fertilization, seeding, mulching, and watering of the topsoil layer for
vegetation. Topsoil is the final layer of soil material installed on the final cover, along the
outside slopes of the perimeter berms, along the ditches, and on other perimeter areas. Topsoil
will be obtained from on site stockpiles created by the clearing of the landfill footprint and
associated disturbed perimeter areas.

8.2 Procedures and Observation 
Work covered by this section will be performed in accordance with the construction plans and
specifications. The RPR will observe topsoil placement activities and will document relevant
observations to support certification of the following requirements:

The RPR will confirm the source and uniformity of topsoil used. Soil excavation and
placement will be monitored for minimization of inorganic soil not compatible for
establishment of vegetation.

Prior to seeding, the topsoil will be worked to prepare a suitable seedbed.

Fertilizing, seeding, and mulching will be performed in a timely manner.

8.3 Sampling Requirements and Acceptance Criteria 
The topsoil will be suitable for the establishment and long term maintenance of the selected
vegetation seed mix with appropriate fertilization. At the RPR�s discretion, or if required by the
construction specifications, samples will be collected for laboratory testing.

8.4 Surveying 
The thickness of topsoil placement will be documented on a 100 foot grid for cells larger than
4 acres and on a 50 foot grid for cells smaller than 4 acres by surveying or by hand shoveling
and measuring the observed thickness of topsoil.
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Section 9 
Geomembrane

9.1 General
This section of the CQA Plan applies to the high density polyethylene (HDPE) geomembrane
used in the landfill composite liner and the very flexible polyethylene (VFPE) geomembrane, or
equal, used in the composite final cover.

The geomembrane will be supplied to the site in factory rolls. No factory seams will be used to
prepare larger panels of geomembrane for delivery to the site. This plan, therefore, does not
contain any QA/QC requirements for factory seaming.

This section is divided into four major subheadings, which cover the CQA requirements for the
preinstallation (includes Resin Manufacturers and Geomembrane Manufacturers), installation,
field seaming, and post installation (includes the final examination of the geomembrane prior to
placing the appropriate material above the geomembrane). The terms preinstallation,
installation, field seaming, and post installation are applicable only to the geomembrane
installation and do not apply to the overall construction of the landfill facility.

9.2 Preinstallation
This section describes the quality control measures that are applicable to the polyethylene (PE)
Resin Manufacturers and Geomembrane Manufacturers, and to the delivery of the finished
geomembrane roll to the site.

The geomembrane must be fabricated from polyethylene resin. The resin from which the
geomembrane is made will have a density range of 0.940 g/cc or higher for HDPE and 0.939 g/cc
or less for VFPE. In addition, the geomembrane will have a melt index value per ASTM D1238
of less than 1.0 g per 10 minutes for HDPE and 0.6 g per 10 minutes for VFPE. The resin shall be
virgin material with no more than 10 percent rework. If rework is used, it must be of the same
formulation as the parent material. No post consumer resin (PCR) of any type shall be added to
the formulation.

In the event that, during the course of construction, geomembrane materials are obtained from a
different manufacturer or are made from different resins, seam samples formed by joining the
original and the proposed geomembrane will be tested to confirm the construction compatibility
of the two geomembrane materials. Prior to the use of the new geomembrane material, a
minimum of two seamed samples (as described above) will be submitted to the geosynthetics
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laboratory for destructive seam testing as described in Subsection 9.4.5. The CQA Officer will
review the testing results prior to authorizing the use of the new geomembrane material.

9.2.1 Manufacturing

Material Specifications 

The following list specifies the required membrane materials for liner and final
cover construction:

Base liner sideslopes (3H:1V typical) 60-mil HDPE-textured 

Base liner 60-mil HDPE (textured optional) 

Final cover top (5 percent slope) 40-mil VFPE (textured optional) 

Final cover sideslopes (4H:1V typical) 40-mil VFPE (textured) 

Quality Control Requirements 

Prior to the delivery of any geomembrane rolls to the site, the Geomembrane
Manufacturer will provide the CQA Officer with the following information:

The Resin Supplier�s name, the location of the Resin Supplier�s production
plant(s), and the resin brand name and product number

Any results of tests conducted by the Geomembrane Manufacturer�s
and/or the Resin Manufacturer�s testing laboratories to document the
quality of the resin used in fabricating the geomembrane

The Quality Control Plan that the Geomembrane Manufacturer will be
using for the geomembrane being supplied

Every roll of geomembrane for delivery to the site must be manufactured and
inspected by the Geomembrane Manufacturer according to the following
requirements:

First quality polyethylene resin must be used.

The geomembrane must contain no more than a maximum of 1 percent by
weight of additives, fillers, or extenders, excluding carbon black.

Carbon black for ultraviolet protection shall be added during
manufacturing of the geomembrane.

The geomembrane must be free of holes, blisters, undispersed raw
materials, or any other sign of contamination by foreign matter.
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The Geomembrane Manufacturer will routinely perform specific gravity
(ASTM D792) and melt index (ASTM D1238) tests on the raw resin to document
the quality of the HDPE and VFPE resin used to manufacture the geomembrane
rolls assigned to this project. The results will be submitted to the CQA Officer,
prior to the acceptance of the geomembrane.

Manufacturer’s Certification 

The Geomembrane Manufacturer will test the geomembrane produced for the
site according to the test methods and frequencies listed in Table 9 1. The
Geomembrane Manufacturer will provide certification, based on tests performed
by either the Geomembrane Manufacturer�s laboratory or other outside
laboratory contracted by the Geomembrane Manufacturer, that the geomembrane
supplied under this plan will meet the specifications presented in Tables 9 2 and
9 3. Additionally, the Geomembrane Manufacturer will provide certification that
the Manufacturer�s Quality Control Plan was fully implemented for the
geomembrane material supplied under this plan. The Geomembrane
Manufacturer will provide documentation to verify results of the Manufacturer�s
Quality Control Plan implementation if requested by the CQA Officer.

9.2.2 Delivery, Handling, and Storage of Geomembrane Rolls 

The geomembrane will be protected during shipment from excessive heat or cold,
puncture, cutting, or other damaging or deleterious conditions. The geomembrane rolls
will be stored on site in a designated area and will be protected from long term ultravio
let exposure prior to actual installation.

Each geomembrane roll will be marked by the Geomembrane Manufacturer with the
following information (on a durable gummed label, or equivalent, on the inside of core):

— Name of manufacturer

— Product type and identification number (if any)

— Roll length and width

— Batch (or lot) number

— Nominal product thickness

— Date of manufacture

— Roll (or field panel) number
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Table 9-1 
HDPE and VFPE Geomembrane Tests and Test Methods 

PROPERTY TEST METHOD 
MINIMUM TESTING 

FREQUENCY (1)

Carbon black content ASTM D4218 1/68,000 sf

Carbon black dispersion ASTM D5596 1/154,000 sf

Density ASTM D792 or D1505 1/100,000 sf

Melt flow index ASTM D1238 with load of
2.16 kg at 190 C

1/100,000 sf

Tear resistance (2) ASTM D1004 1/154,000 sf

Puncture resistance ASTM D4833 1/154,000 sf

Tensile properties (2)

Yield stress
Yield elongation
Break stress
Break elongation

ASTM D638
HDPE Type IV specimen at

2 inches/minute
VFPE Type IV specimen at
20 inches/minute

1/100,000 sf

Single point notched
constant load (SPNCL)

ASTM D5397 1/resin batch

Thickness ASTM D5199 (smooth)
ASTM D5994 (textured)

5 times/roll

Notes:
(1) The Geomembrane Manufacturer will perform quality control testing at the specified frequencies (minimum) on  
 geomembrane rolls to be supplied for this project. 
(2) These tests will be performed and results will be reported for both machine and cross direction.



RMT, Inc. | Dairyland Power Cooperative 29
\\NTAPB MADISON\MSN VOL6\ \WPMSN\PJT2\216851\0005\000002\FILES FOR L 001\ATTACHMENT 5\2_CQA PLAN.DOC 7/20/16Working Copy Revised February 2007 July 2003

Table 9-2 
60-mil HDPE Geomembrane Acceptance Criteria 

PROPERTY UNITS 
TYPE OF 

CRITERION 
ACCEPTABLE  

VALUE (1)

Carbon black content % by weight Range 2 3

Carbon black dispersion NA Range Category 1, 2 or 3 (2)

Density NA Minimum avg. 0.940

Tear resistance (3) lb Minimum avg. 42

Puncture resistance lb Minimum avg. 108 (90) (4)

Tensile properties (3)

Yield stress
Yield elongation
Break stress
Break elongation

ppi
%
ppi
%

Minimum avg.
Minimum avg.
Minimum avg.
Minimum avg.

126
12

228 (90) (4)

700 (100) (4)

SPNCL hours Minimum avg. 200
Thickness
(lowest individual) (5)

mils Minimum avg. 54 (51)(4)

Thickness
(minimum average)

mils Minimum avg. 60

Notes:
(1) Values are based on representative manufacturer’s product data. 
(2) For 10 different views, nine must be Category 1 or 2, and one must be Category 3. 
(3) Test is performed in both machine and cross direction. 
(4) Parenthetical values are for textured geomembrane. 
(5) For smooth geomembrane, lowest individual value of 10 values; for textured geomembrane, lowest individual value  
 for 8 out of 10 values. 
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Table 9-3 
40-mil VFPE Geomembrane Acceptance Criteria 

PROPERTY UNITS 
TYPE OF 

CRITERION ACCEPTABLE VALUE (1)

Carbon black content % by weight Range 2 3

Carbon black dispersion N/A Range Category 1, 2, or 3 (2)

Density N/A Maximum 0.939

Puncture resistance lb Minimum 52

Tear resistance (3) lb Minimum 22

Tensile properties (3)

Break stress (5)

Break elongation
ppi
%

Minimum
Minimum

152 (72) (4)

625 (200) (4)

SPNCTL hours Minimum 200

Thickness (lowest individual) (5) mils Minimum 36 (34) (6)

Thickness (minimum average) mils Average 40
Notes:
(1) Values are based on representative manufacturer’s product data. 
(2) For 10 different views, nine must be Category 1 or 2, and one must be Category 3. 
(3) Test performed in both machine and cross direction. 
(4) Parenthetical values are for textured geomembrane. 
(5) For smooth geomembrane, lowest individual value of 10 values; for textured geomembrane, lowest individual value for  
 8 of 10 values. 
(6) For textured geomembrane, lowest individual value of any of the 10 values. 
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When cores are required for preparing the geomembrane for shipment, the
Manufacturer will use cores with sufficient crushing strength to prevent collapse or
other damage while in use.

The following practices will be used as a minimum in receiving and storing
geomembrane rolls in the designated storage area at the job site:

— While unloading or transferring the geomembrane rolls from one location to
another, care will be taken to prevent damage to the geomembrane itself. The
preferred method involves using a spreader bar, straps, and a loader. Rolls will
not be dragged.

— Geomembrane rolls will be stored in a manner so as to ensure that they are
adequately protected from the following:

Equipment damage

Strong oxidizing chemicals, acids, or bases

Flames, including welding sparks

Temperatures in excess of 160 F

Dust and dirt

The RPR will observe and document, throughout the preinstallation, installation, and
post installation periods that the Installer provides adequate handling equipment for
moving geomembrane rolls and that the equipment and the handling methods used do
not pose unnecessary risk of damage. The Installer will be responsible for the means
and methods to implement the work.

The Installer will be responsible for ensuring that all materials installed meet
specifications (i.e., that the roll marking label information indicates required
specifications and properly represents materials). The RPR will maintain a log of
geomembrane roll deliveries. The following information, at a minimum, will be
recorded on the log for each shipment received at the job site:

— Date of delivery at job site

— For each geomembrane roll, the following information:

Roll number

Batch (lot) number
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9.3 Installation 
This section includes discussions of geomembrane roll testing requirements, earthwork
required for geomembrane placement, placement of the geomembrane, defects and repairs
of geomembrane, and requirements applicable to other materials in contact with the
geomembrane. Subsection 9.4 describes the installation and testing requirements for
geomembrane seams.

All parties involved in the installation of the geomembrane will be familiar with geomembrane
and will focus on protecting the geomembrane from damage during construction activities.

9.3.1 Testing Requirements 

This subsection describes the test methods, including sampling procedures and
frequencies, and the role of the geosynthetics testing laboratory in testing the
geomembrane roll samples. Subsection 9.2.1, under Quality Control Requirements,
describes the test methods that are performed on an infrequent basis to demonstrate the
uniformity of resin used to fabricate geomembrane shipped to the job site. Seam testing
is described in Subsections 9.4.4 and 9.4.5.

Test Methods 

Geomembrane roll samples will be collected by the RPR at the rate of one
sample per 100,000 square feet of geomembrane delivered to the site. At least
one sample will also be obtained for each geomembrane production batch in
each shipment. The Installer will not ship to, or receive at, the site,
geomembrane from more than two production batches in any single shipment
without the prior written approval of the CQA Officer.

Samples will be 3 feet long by the full width of the roll and will not include the
first 3 feet of any roll. Since machine direction for geomembrane rolls is the
direction in which the material comes off the roll, machine direction for any
sample will always be along the 3 foot length of the sample.

Tables 9 1, 9 2 and 9 3 list the tests and the test methods to be performed on the
HDPE and VFPE geomembrane roll samples. The specifications and methods
used in evaluating the results are discussed below under Procedures for
Determining Geomembrane Roll Test Failures. Unless specified otherwise,
sample specimens will be prepared in accordance with the referenced test
method. The results for tear resistance and each of the tensile property tests
will be reported for both the machine and cross direction.
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Role of Testing Laboratory 

The geosynthetics testing laboratory will be responsible for performing the tests
on samples submitted to them as described above under Test Methods. The
results of the tests performed will be reported to the CQA Officer and the RPR.

Retesting of geomembrane rolls for quality assurance purposes because of
failure to meet any or all of the acceptance specifications listed in Tables 9 2 and
9 3 can only be authorized by the CQA Officer.

The Geomembrane Manufacturer and/or Installer may perform their own tests
according to the methods and procedures defined in Table 9 1; however, the
results will only be applicable to their own quality control needs. These results
will not be substituted for the quality assurance testing described herein.

Procedures For Determining Geomembrane Roll Test Failures 

Tables 9 2 and 9 3 list the acceptance specifications for HDPE and VFPE
geomembranes. These tables apply to both textured and smooth
geomembranes. For those tests where results are reported for both machine
and cross direction, each result will be compared to the listed specification to
determine acceptance. The HDPE geomembrane values listed in the acceptance
specifications of Table 9 3 are based on representative manufacturer�s product
data for smooth and textured HDPE geomembrane.

The VFPE geomembrane acceptance values listed in Table 9 3 are based on the
review of product literature from several geomembrane manufacturers.
Textured geomembranes will be required to meet the same specifications listed
for nontextured geomembranes unless otherwise noted.

The following procedure will be used for interpreting results:

If the test values meet the specifications stated in Tables 9 2 and 9 3, then
the roll and the lot will be accepted for use at the job site. If the sample
represents all rolls from an entire shipment, then the entire shipment will
also be considered accepted.

If the result does not meet the specifications, then the roll and the batch
may be retested using specimens either from the original roll sample or
from another sample collected by the RPR. For retesting, two additional
tests will be performed for the failed test procedure. (Each additional test
will consist of multiple specimen tests if multiple specimens are called for
in the test procedure.) If both of the retests are acceptable, then the roll and
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batch will be considered to have passed this particular acceptance test; if
either of the two additional tests fail, then the roll and batch will be
considered unsuitable without further recourse. The CQA Officer may
obtain samples from other rolls in the batch. On the basis of testing these
samples, the CQA Officer may choose to accept a portion of the batch
while rejecting the remainder.

If retesting does not result in passing test results as defined in the
preceding paragraph, or if there is any other nonconformity with the
material specifications, then the Installer will withdraw the rolls from use
in the project at the Installer�s sole risk, cost, and expense. The Installer
will be responsible at his/her sole risk, cost, and expense for removing this
geomembrane from the site and replacing it with acceptable geomembrane.

9.3.2 Earthwork

The Construction Contractor will be responsible for preparing the supporting soil
according to the plans and specifications and Section 5 of this CQA Plan. The
geomembrane will be deployed directly above the geosynthetic clay liner (GCL). Prior
to the installation of the GCL, the Installer will certify in writing that the surface on
which the GCL/geomembrane will be installed is acceptable. This certification of
acceptance will be reported by the Installer prior to the start of GCL/geomembrane
installation in the area under consideration. Unacceptable areas noted by the Installer
will be immediately reported to the RPR.

The soil surface will also be examined by the RPR to evaluate any areas softened by
precipitation or cracked due to desiccation. The daily observation will be documented
in the daily report. Areas determined to be unacceptable will be reworked by the
Construction Contractor until acceptable.

9.3.3 Placement

Location and Panel Layout Drawing 

A panel layout drawing for the geomembrane installation covered by this plan
will be prepared by the Installer prior to installation and submitted to the CQA
Officer, showing the proposed location and orientation of geomembrane panels
to be installed in relation to slope, collection trenches, anchor trench and phase
boundaries, seaming methods, and phased construction. This panel layout
drawing will be submitted to the WDNR in a preconstruction or preinstallation
submittal prior to construction. The CQA Officer will review the panel layout
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drawing and document that it is consistent with accepted practice and the
construction plans and specifications. Geomembrane panels and seams will be
identified by the RPR by the corresponding geomembrane roll number on the
layout drawing as they are installed.

Installation Techniques 

Geomembrane panels will be installed by placing one at a time, and each panel
will be seamed by the end of the day on which it was placed. The RPR will
document that the condition of the supporting surface has not changed
detrimentally during installation. The RPR will record the roll number,
location, and date of each geomembrane panel installed.

The Installer will take the following precautions while installing the
geomembrane:

Ensure that the equipment used does not damage the geomembrane by the
way it is handled, by excessive heat, by leakage of hydrocarbons, or by
other means.

Ensure that personnel working on the geomembrane do not smoke, wear
damaging clothing, or engage in other activities that could damage the
geomembrane.

Ensure that the method used to unroll the geomembrane does not cause
scratches or crimps in the geomembrane and does not damage the GCL or
supporting soil.

Ensure that the method used to place the rolls minimizes wrinkles
(especially differential wrinkles between adjacent panels).

Ensure that adequate temporary loading or anchoring (continuously
placed, if necessary), which will not damage the geomembrane, is placed to
prevent uplift by the wind.

Ensure that direct contact with the geomembrane is minimized. The
geomembrane will be protected by geotextile, extra geomembrane, or other
suitable materials, in areas where excessive traffic may be expected.

Weather Conditions 

Geomembrane will not be placed in an area of ponded water, during
precipitation events, or in the presence of excessive winds (greater than
20 mph). The RPR will document that this condition is fulfilled. The CQA
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Officer will stop or postpone geomembrane placement when conditions are
unacceptable.

Damages 

The RPR will examine each panel for damage after placement and will
determine which panels, or panel portions, should be rejected, repaired, or
accepted. Damaged panels or panel portions that have been rejected will be
marked, and their removal from the site will be recorded by the RPR. Panel
repairs will be made according to the procedures described in Subsection 9.3.4.

9.3.4 Defects and Repairs 

This section applies to all defects and repairs resulting from examinations, tests, or
visual observations performed on the geomembrane material itself and on the seams
used in joining rolls in the field.

Identification

All seam and nonseam areas of the geomembranes will be examined and
documented by the RPR for identification of defects, holes, blisters,
undispersed raw materials, and any signs of contamination by any foreign
matter. Because light reflected by the geomembrane helps to detect defects, the
surface of the geomembrane will be clean at the time of examination. The
geomembrane surface will be swept with a broom and/or washed by the
Installer if the amount of dust or mud inhibits examination.

Evaluation

Each suspect area identified will be nondestructively tested using the vacuum
box test method described in Subsection 9.4.4. Each location that fails the
nondestructive tests will be marked by the RPR and repaired by the Installer.

Repair Procedures 

Any portion of the geomembrane exhibiting a flaw or failing a destructive or
nondestructive test will be repaired. Several procedures exist for the repair of
these areas. The procedures available include the following:

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

Grinding and rewelding are used to repair small sections of extruded
seams.
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Spot welding or seaming is used to repair small tears, pinholes, or other
minor, localized flaws.

Capping is used to repair large lengths of failed seams.

Topping is used to repair areas of inadequate seams that have an exposed
edge.

Other procedures may be used at the recommendation of the Installer if
agreed upon by the CQA Officer and the RPR.

The repair procedures, materials, and techniques will be approved in advance
of the specific repair by the CQA Officer, RPR, and Installer. At a minimum,
the following provisions will be satisfied:

Patches or caps will extend at least 6 inches beyond the edge of the defect,
and all corners of patches will be rounded with a radius of at least 3 inches.

The geomembrane below large caps will be appropriately cut to avoid
water or gas collection between the two sheets.

Examination of Repairs 

Each repair will be numbered and logged by the RPR. Each repair will be
nondestructively tested according to Subsection 9.4.4. Repairs that pass the
above testing will be considered to be adequate, except that large caps may be
of sufficient extent to require destructive seam sampling and testing, at the
discretion of the RPR, according to the provisions of Subsection 9.4.5.

Failed tests indicate that the repair was inadequate, and the repair will be
redone and retested until a passing result is obtained. The RPR will document
that all repairs have been subjected to nondestructive testing and will record
the number of each repair, the date, and the test outcome.

Large Wrinkles 

When seaming of the geomembrane is completed, the RPR will examine the
geomembrane for wrinkles and determine which wrinkles should be cut and
seamed by the Installer. The wrinkle repair will be done in accordance with the
equipment and procedures described in Subsections 9.4.2 and 9.4.3 (General
Seaming Procedures), respectively, and it will be nondestructively tested using
the vacuum box test method described in Subsection 9.4.4.
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9.3.5 Materials In Contact With Geomembranes - Anchor Trench System and Backfilling 

The anchor trench for the geomembrane will be excavated by the Construction
Contractor, unless otherwise specified, to the lines and grades shown on the plans and
specifications. The trench will use a �U� configuration. No more than the amount of
trench required for the geomembrane to be anchored in 1 day will be excavated to
minimize the desiccation potential of the anchor trench soil.

The anchor trench will be backfilled and compacted by the Contractor. Care will be
taken when backfilling the trenches to prevent any damage to the geomembrane or
other geosynthetics that may also be placed in the trench prior to backfilling. The
anchor trench will be adequately drained to prevent ponding or softening of the
adjacent soil while the trench is open.

The RPR will observe the backfilling and compacting operations and will advise the
CQA Officer of the adequacy of the soil installation. The RPR will also advise the CQA
Officer of observed problems.

9.4 Field Seaming 
This section covers the quality assurance procedures on seams used to join the rolls of
geomembrane into a continuous layer. The installation of each of the geomembranes at the
landfill facility will include 100 percent nondestructive testing of all field seams for joining
adjacent rolls of geomembranes to document that no openings or gaps exist between
geomembrane sheets. In addition, destructive testing will be performed at a routine interval for
determining the strength and mode of failure of field seams in both the shear and peel modes.

The allowable field seam methods, equipment, personnel qualifications, and destructive and
nondestructive testing methods are described in this section.

9.4.1 Seam Layout 

No horizontal seams will be allowed on slopes greater than 5 horizontal to 1 vertical.
In corners and at other odd shaped geometric intersections, the number of horizontal
seams will be minimized. A seam numbering system comparable and compatible with
the geomembrane roll numbering system will be agreed upon at the
preconstruction/preinstallation meeting (Subsections 3.1 and 3.3).

9.4.2 Seaming Equipment 

The approved process for production field seaming (panel to panel) are the dual hot
wedge (fusion type) seam method and the extrusion fillet weld process. Specialty seams
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and repair seams (nonproduction) will be done by the extrusion fillet weld process. No
other processes can be used without prior written authorization from the CQA Officer
and the RPR. Only equipment that has been specifically approved by make and model
will be used.

Dual Hot Wedge Process 

The Installer will meet the following requirements regarding the use,
availability, and cleaning of the equipment to be used at the job site:

An automated self propelled type of apparatus will be used.

The welding apparatus will be equipped to continuously monitor
applicable temperatures.

One spare operable seaming device will be maintained on site at all times.

Equipment used for seaming will not damage the geomembrane.

The geomembrane will be protected in areas of heavy traffic to prevent
damage as discussed in Subsection 9.3.3.

For cross seams, the edge of the cross seams will be ground to a smooth
incline (top and bottom) prior to welding.

For cross seams, the intersecting dual hot wedge seam will be patched
using the extrusion fillet process described below.

The electric generator for the equipment will be placed on a smooth base in
such a way that no damage occurs to the geomembrane. Similarly, a
smooth insulating plate or fabric will be placed beneath the hot equipment
after use.

The Installer will keep records for each seamer performing dual hot wedge
seaming, including welding machine I.D. number, ambient air temperature,
geomembrane surface temperature, and machine operating pressures and
temperatures. These data will be recorded at intervals as agreed upon at the
preconstruction or preinstallation meeting.

Extrusion Fillet Process 

The Installer will meet the following requirements regarding the use,
availability, and cleaning of extrusion welding equipment to be used at the job
site:

The welding apparatus will be equipped to continuously monitor
temperature at the nozzle.
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One spare operable seaming device will be maintained on site at all times.

Equipment used for seaming will not damage the geomembrane.

The geomembrane will be protected in areas of heavy traffic to prevent
damage.

The extruder will be cleaned and purged prior to beginning seaming, and
at any time during which seaming operations are stopped, until all heat
degraded extrudate has been removed from the barrel.

The electric generator for the equipment will be placed on a smooth base in
such a way that no damage occurs to the geomembrane. Similarly, a
smooth insulating plate or fabric will be placed beneath the hot equipment
after use.

Geomembrane surfaces will not be ground for welding preparation more
than 1 hour prior to seaming.

The Installer and, if applicable, the Geomembrane Manufacturer will provide
documentation to the CQA Officer regarding the quality of the extrudate used
in the welding apparatus. At a minimum, the extrudate will be compatible
with the base liner material and will contain the same grade and quality of
polyethylene resin as used in the base material.

The Installer will keep records for each seamer performing extrusion weld
seaming, including welding machine I.D. number, extrudate, and ambient air
and geomembrane surface temperatures. These data will be recorded at
intervals as agreed upon at the preconstruction or preinstallation meeting.

9.4.3 Initial Requirements 

Personnel Qualifications 

All personnel performing seaming operations will be qualified by experience or
by successfully passing seaming tests for the type of seaming equipment to be
used. At least one seamer will have experience in seaming a minimum of
2,000,000 square feet of polyethylene geomembrane using the same type of
seaming apparatus to be used at the landfill facility. The most experienced
seamer, the �master seamer,� will have direct supervisory responsibility at the
job site over less experienced seamers.
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The Installer will provide a list of proposed seaming personnel and their
experience records to the CQA Officer and the RPR for their review and
approval.

Weather Conditions 

The weather conditions under which geomembrane seaming can be performed
are as follows:

Unless otherwise authorized in writing by the CQA Officer, no seaming
will be attempted or performed at an ambient temperature below 32 F
(0 C) or above 104 F (40 C).

Between ambient temperatures of 32°F (0°C) and 50°F (10°C), seaming will
be performed only if the geomembrane is preheated by either sun or a hot
air device, provided there is no excessive ambient cooling resulting from
high winds.

Above 50°F (10°C), no preheating of the geomembrane will be required.

Geomembrane will be dry and protected from the wind.

Seaming will not be performed during any precipitation event unless the
Installer erects satisfactory shelter to protect the geomembrane areas for
seaming from water and/or moisture.

Seaming will not be performed in areas where ponded water has collected
below the surface of the geomembrane.

If the Installer wishes to use methods that may allow seaming at ambient
temperatures below 32°F or above 104°F, the Installer will demonstrate and
certify that the methods and techniques used to perform the seaming produce
seams that are entirely equivalent to seams produced at temperatures above
50°F and below 104°F, and that the overall quality of the geomembrane is not
adversely affected.

The RPR will document the following items:

Ambient temperature at which seaming is performed.

Precipitation events occurring at the site, including the time of such
occurrences, the intensity, and the amount of precipitation.

The RPR will inform the CQA Officer if any of the conditions relating to the
weather are not being fulfilled. The CQA Officer will stop or postpone the
geomembrane seaming when weather conditions are unacceptable.
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Overlapping and Temporary Bond 

The Installer will be responsible for ensuring that the following requirements
are met:

Panels of geomembrane will have a finished overlap of a minimum of
3 inches for extrusion welding and 4 inches for fusion welding; but, in any
event, sufficient overlap will be provided to allow peel tests to be
performed on the seam.

No solvents or adhesives will be used on the geomembrane unless the
product has been approved in writing by the CQA Officer. Approval can
only be obtained by submitting samples and data sheets to the CQA Officer
for testing and evaluation.

Procedures used to temporarily bond adjacent geomembrane rolls must
not damage the geomembrane; in particular, the temperature of the hot air
at the nozzle of any spot welding apparatus will be controlled such that the
geomembrane is protected at all times against potential damage.

Trial Seams 

Trial seams will be made on fragments of geomembrane to document that
seaming conditions are adequate. Such trial seams will be made at the
beginning of each seaming period, following work interruptions, at changes in
weather, and at least once for every 5 hours of seaming activities, for each
seaming apparatus used that day. A minimum of one trial seam per welding
machine will be made at the start of each day by each seaming technician
performing welding that day. Also, each seamer will make at least one trial
seam each day. Trial seams will be made under the same conditions as actual
seams.

The trial seams will be examined by the Installer for squeeze out, foot pressure
applied by seaming equipment, and general appearance. If the seam fails any
of these examinations, it will be repeated until satisfactory seams are obtained.

The trial seam samples will be at least 3 feet long by 1 foot wide after seaming,
with the seam centered lengthwise. Seam overlap will be as indicated above
under Overlapping and Temporary Bond.

Two adjoining specimens, each 1 inch wide, will be cut from each end of the
trial seam sample by the Installer. The specimens will be tested by the Installer
in shear and peel, respectively, using a field tensiometer, and they should not
fail in the seam. If a specimen fails, then the entire test will be repeated using
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two additional specimens cut from each end of the trial seam sample. If the
second set of specimens also fails, then the seaming apparatus and seamer will
not be accepted and will not be used for seaming until the deficiencies are
corrected and two consecutive successful trial seams are achieved.

The remainder of the trial seam sample will be identified and marked by the
RPR as follows:

The sample will be assigned a number and marked as to the welding
apparatus used and the seamer�s name.

The date, time, applicable operating temperatures of the welding
equipment, and ambient temperature at the time of seaming will be noted.

Whether the sample passes or fails will be indicated.

The RPR will observe trial seam procedures. The sample itself will be cut into
three pieces, one for the Owner�s record, one to be retained by the RPR, and one
to be made available to the Installer.

The RPR may randomly select trial seam samples for destructive testing by the
geosynthetics testing laboratory according to the test procedures described in
Subsection 9.4.5. The frequency for trial seam laboratory testing will be at the
discretion of the RPR and the CQA Officer.

If a trial seam sample fails a destructive test performed by the geosynthetics
testing laboratory, according to the acceptance criteria stated in
Subsection 9.4.5, then a destructive test seam sample(s) will be taken from each
of the seams completed by the seamer during the shift related to the failed trial
seam test. These samples will be forwarded by the RPR to the geosynthetics
testing laboratory and, if any of them fails the tests, then the procedures
described in Subsection 9.4.5 will apply. The conditions of this paragraph will
be considered met if a destructive seam test sample, collected and tested
according to the provisions under Location and Sampling Frequency and
Sampling Procedure of Subsection 9.4.5, has already been taken and has passed.

Seam Preparation 

The Installer will ensure that the following conditions for each of the
geomembrane installations covered by this plan are met:

Prior to seaming, the seam area is clean and free of moisture, dust, dirt,
debris of any kind, and foreign material.
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If seam overlap grinding is required, then the grinding process will be
completed according to the Geomembrane Manufacturer�s instructions
within 1 hour of the seaming operation, and in a way that will not damage
the geomembrane or cause excessive striation of the geomembrane surface.

Seams will be aligned so as to minimize the number of wrinkles and
�fishmouths.�

General Seaming Procedure 

Unless otherwise specified, the general seaming procedure to be used by the
Installer for each of the geomembrane installations covered by this plan, and
observed by the RPR, will be as follows:

A firm substrate will be provided to achieve proper support for seaming.

Fishmouths or wrinkles at the seam overlaps will be cut along the ridge of
the wrinkle in order to achieve a flat overlap. The cut fishmouths or
wrinkles will be seamed, and any portion where the overlap is inadequate
will then be patched with the same geomembrane (including thickness)
extending a minimum of 6 inches beyond the cut in all directions.

If seaming operations are to be conducted at night, adequate illumination
will be provided.

9.4.4 Nondestructive Testing 

Each field seam will be nondestructively tested over its full length using one of the
methods described in this section. The purpose of nondestructive testing is to determine
the continuity of the seams. Nondestructive testing, at this stage of development, does
not provide any information on the strength of seams. Seam strengths will be
determined by destructive testing methods that are described in Subsection 9.4.5.
Failure of any of the nondestructive or destructive tests will require the repair of the
failed section according to the procedures contained in Subsection 9.3.4.

Nondestructive testing as described in this section will be performed on seams for every
geomembrane installation covered by this plan. The recommended test methods for
conducting the nondestructive seam testing are the air pressure test for dual hot wedge
seams and the vacuum box test for extrusion fillet welds. These two nondestructive
testing methods are described below.

The RPR will perform the following documentation tasks:
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— Observe nondestructive seam testing, and examine seams for squeeze out, foot
pressure, and general appearance. Failure of these criteria will be considered as
failure of the seam, and repair or reconstruction will be required.

— Document location, date, test unit number, name or number of tester, and outcome
of all testing.

— Inform the Installer of any required repairs.

— Document that appropriate repairs are made and that the repairs are retested
nondestructively with passing results.

Air Pressure Testing 

The following test procedure is applicable only to dual hot wedge seams. The
equipment for performing the test should meet the following minimum
requirements:

An air compressor or hand pump equipped with a pressure gauge and
regulator capable of producing and sustaining a pressure between 25 to
30 psig and mounted on a cushion to protect the geomembrane surface

Fittings, rubber hose, valves, etc., to operate the equipment, and a sharp
hollow needle or other approved pressure feed device

Air pressure testing will be performed according to the following procedure:

1. Seal both ends of the seam to be tested.

2. Insert needle or other approved pressure feed device into the air space at
one end of the dual hot wedge seam.

3. Energize the air compressor or hand pump to a pressure of 25 30 psig.
Close the valve, and monitor the pressure in the seam air space for
approximately 7 minutes for HDPE and approximately 4 minutes for
VFPE.

4. Record the pressure in the seam at the end of 2 minutes and again at the
end of 7 minutes for HDPE and approximately 4 minutes for VFPE.

Acceptable air pressure loss shall be determined in accordance with GRI
GM6: for 40 mil, 4 psig; 60 mil, 3 psig.

5. If the pressure difference between the 2 minute and 7 minute or 4 minute
readings exceeds 3 psi for HDPE or 4 psi for VFPE, or if the pressure does
not stabilize within the 7 minute or 4 minute period, then allow for one
more pressure monitoring interval.
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6. If the pressure loss over both intervals exceeds the allowable pressure drop
or if the pressure does not stabilize, then consider the seam as having failed
the test.

7. If the pressure loss over either interval does not exceed the allowable
pressure drop, then consider the seam as having passed the test.

8. The Installer must verify that the air channel tested was not obstructed by
noting a release of air pressure at the end of the tested seam interval
opposite the pressure gauge.

For any seam interval that fails the air pressure nondestructive test, additional
nondestructive testing or visual inspection will be used to identify, if possible,
the faulty area of the seam. The faulty area will be repaired and retested. If the
faulty area cannot be identified, then the entire seam will be repaired and
retested.

Vacuum Box Test 

Vacuum box testing is to be used on those seams made by the extrusion fillet
process, to locate precisely the defects identified from air pressure testing, or to
evaluate suspect seam and nonseam areas as discussed in Subsection 9.3.4.

Vacuum box testing equipment must meet the following minimum standards:

A five sided vacuum box with an open bottom, a clear viewing panel on
top, and a pliable gasket attached to the bottom

A steel vacuum tank and pump assembly equipped with a pressure
controller and pipe connections capable of achieving a vacuum of 26 inches
of mercury (Hg) (or approximately 2 psia)

A vacuum gauge on the tank with an operating range from 0 to 26 inches
of vacuum, and a vacuum gauge on the vacuum box with an operating
range from 0 to 10 inches of vacuum

The following procedure will be used in performing the vacuum box test:

1. Clean the seams to be tested so that they are relatively free from soil or
foreign objects that might prohibit a good seal from being formed between
the vacuum chamber and the geomembrane.

2. Energize the vacuum pump, and reduce the tank pressure to
approximately 24 inches of vacuum (or approximately 3 psia).
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3. Wet a strip of geomembrane approximately twice the size of the vacuum
box with the soapy solution.

4. Place and center the vacuum box with the gasket in contact with the
geomembrane surface over the wetted area of the seam.

5. Applying a normal force to the top of the vacuum box, close the bleed
valve and open the vacuum valve. Check to make certain that a tight seal
is created between the geomembrane and the vacuum box. A minimum
vacuum of 5 inches will be used for testing with the maximum allowable
testing pressure never exceeding 10 inches of vacuum.

6. With the vacuum drawn, use the viewing panel to examine the
geomembrane seam for bubbles resulting from the flow of air through the
seam. Continue this examination for not less than 10 seconds.

7. Remove the vacuum box by first closing the vacuum valve and then
opening the bleed valve. Proceed to Step 8 if bubbles appear in Step 6. If
no bubbles appear in Step 6, then proceed directly to Step 9.

8. If bubbles appear through the geomembrane, mark the defective area for
repair according to the provisions of Subsection 9.3.4. All repairs will be
tested until nondestructive results are passing.

9. Move the vacuum box along the seam to be tested, overlapping the
previously tested area by no less than 3 inches.

9.4.5 Destructive Seam Testing 

Destructive seam testing will be performed on the geomembrane seams covered by this
plan. Destructive seam testing is performed to determine the strength of the seam in
both shear and peel failure modes. Destructive seam testing will be performed within
48 hours of sampling either in an on site laboratory by personnel under the direction of
the CQA Officer or at the geosynthetics testing laboratory.

Location and Sampling Frequency 

The RPR will select locations where seam samples will be cut out for the
destructive testing. Test locations will be determined during seaming at the
RPR�s discretion. Selection of such locations may be prompted by suspicion of
excess crystallinity, contamination, offset welds, or any other potential causes
of an imperfect seam. The Installer will not be informed in advance of any
location where seam samples will be taken.



RMT, Inc. | Dairyland Power Cooperative 48
\\NTAPB MADISON\MSN VOL6\ \WPMSN\PJT2\216851\0005\000002\FILES FOR L 001\ATTACHMENT 5\2_CQA PLAN.DOC 7/20/16Working Copy Revised February 2007 July 2003

The minimum frequency of sample collection will be one test location per every
500 linear feet of seam length. This minimum frequency will be taken as an
average for the entire installation area.

Sampling Procedure 

Samples will be cut under the direction of the RPR as the seaming progresses.
For each sample location, the following information will be documented:

Assigned sample number.

Sample location on layout drawing.

The reason for collecting the sample (e.g., as part of statistical testing
program, suspicious seam, etc.). Record this by the sample number.

For the peel test, which geomembrane is the top and which is the bottom
with respect to seams performed using dual hot wedge (fusion) weld
techniques.

Specimens for qualitative field testing will be taken prior to removal of the
laboratory sample. Samples for field tensiometer testing will be 1 inch wide by
12 inches long with the seam centered parallel to the width. The distance
between the two samples will be 42 inches measured from inside edge to inside
edge. If both samples pass the field tensiometer test described below under
Field Test Methods, then the sample for laboratory testing will be taken
according to the procedure described below.

The sample for laboratory testing will be located between the two samples used
for field testing. Therefore, the laboratory sample will be 12 inches wide by
42 inches long with the seam centered lengthwise. The sample will be cut by
the Installer into three parts and distributed as follows:

A sample, 12 inches by 12 inches, will be kept by the Installer for testing if
so desired.

A sample, 12 inches by 12 inches, will be given to the Owner for record
storage.

A sample, 18 inches by 12 inches, will be transmitted to the geosynthetic
testing laboratory or on site testing laboratory by the RPR.

All holes cut into the geomembrane resulting from destructive seam sampling
will be immediately repaired by the Installer in accordance with the repair
procedures described in Subsection 9.3.4. The repaired area will be
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nondestructively tested in accordance with the requirements of
Subsection 9.4.4.

End-of-Seam Sampling 

In addition to the 42 inch sample cut for laboratory testing, an additional
sample will be cut from each end of each continuous production field seam for
field testing as described below. These samples, often referred to as bones,
need to be only 1 inch wide and can be cut from the portion of the seam that
extends into/past the anchor trench so as not to require an additional repair.

Field Test Methods 

The two 1 inch�wide samples described above under Sampling Procedure as
well as the end of seam samples described above under End of Seam Sampling
will be field tested for both peel and shear. Testing will be performed using a
field tensiometer or equivalent device to qualitatively determine the mode of
failure. The seam will be considered as having passed if the failure in both peel
and shear does not occur within the seam. If the samples fail the field
tensiometer test, then the repair procedures of Subsection 9.3.4 for the holes left
by the cut out samples, and the seam reconstruction procedures for the repair
of the defective seam, discussed later in this subsection, will be implemented.

Laboratory Test Methods 

Laboratory testing of the destructive seam samples will be performed by the
geosynthetics testing laboratory or an on site testing laboratory under the
direction of the CQA Officer. All destructive seam tests, whether performed on
trial seam samples (as described above) or on samples cut out from production
seams, will be performed in general accordance with the methodology of
ASTM D4437, which stipulates that at least five specimens will be tested in
shear and five in peel. Samples will be cut in alternating order (e.g., shear and
peel, peel and shear) and will also be tested in the order of cutting, to determine
if any trend in seam quality along the length of the sample exists. All
specimens will be cut as 1 inch�wide strips to ensure that the seam does not
exceed the test gauge length of the specimen.

The following tests will be performed on each seam sample submitted for
laboratory testing:

Shear and peel maximum tension is the maximum load per unit width of a
1 inch�wide specimen expressed in pounds per inch of width in both the
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shear and peel mode, according to ASTM D4437 as modified by NSF
Standard 54.

Shear elongation at break is the extension at break expressed as a
percentage of the initial distance between the edge of the fused track and
the nearer grip. This distance should be the same on both sides of the seam
and is usually 2 inches. No referenced ASTM test exists for this procedure
as defined; however, the specimen will be elongated to a maximum of 100
percent with any failures of individual specimens noted. For specimens
that fail below 100 percent elongation, the value at which failure occurred
will be noted on the results.

Peel seam separation estimates the area of seam interface separation
expressed as a percentage of the original area.

Also, for both the seam shear and peel tension tests, an indication will be given
for each specimen tested that defines the locus of the failure.

For shear tests, the following values will be reported for each specimen tested:

Maximum tension in pounds per inch

Elongation at break indicating at what percentage the specimen failed
(up to a tested maximum of 100)

The locus of failure using the above designations

For peel tests, the following values will be reported for each specimen tested:

Maximum tension in pounds per inch

Seam separation expressed as percent of original seam area

Locus of failure

Role of Testing Laboratory 

The geosynthetics testing laboratory or on site testing laboratory will be
responsible for performing the tests on samples submitted to them as described
above. The results of tests performed will be reported to the CQA Officer and
the RPR. Retesting of seams, because of failure to meet any or all of the
specifications listed below, can only be authorized by the CQA Officer.

The Geomembrane Manufacturer and/or the Installer may perform their own
quality control testing in accordance with the methods and procedures defined
above under Laboratory Test Methods; however, the results, if substantially
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different from those obtained by the geosynthetics testing laboratory or on site
laboratory, may only be used to request a retesting by the geosynthetics testing
laboratory or on site testing laboratory. All quality assurance test results from
the geosynthetics testing laboratory or on site laboratory govern over any test
results from the Geomembrane Manufacturer or Installer. Only the CQA
Officer is authorized to approve a retesting request.

Procedures For Determining Destructive Seam Test Failures 

The procedures described in this section apply to the procedures for destructive
testing defined above under Field Test Methods and Laboratory Test Methods.
Procedures for repairing failed seams are given in Subsection 9.3.4 of this plan.

The results from the shear and peel tests for the HDPE geomembranes will be
evaluated against the criteria tabulated in Table 9 4, and the VFPE
geomembrane will be evaluated against the criteria presented in Table 9 5.

All of the tabular criteria for each respective geomembrane type must be met
for a given seam to be considered acceptable.
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Table 9-4 
60-mil HDPE Geomembrane Seam Acceptance Criteria 

ACCEPTANCE VALUES 

PROPERTY TEST METHOD UNITS 
TYPE OF 

CRITERION 
NON-

TEXTURED TEXTURED (1)

Shear strength (2) ASTM D6392 ppi Minimum 120 120

Shear elongation percent Minimum 50 50

Peel strength (2)

Fusion
ASTM D6392 ppi Minimum 78 78

Peel strength (2)

Extrusion
ASTM D6392 ppi Minimum 78 78

Peel separation percent Maximum 25 25
Notes:
(1) If the lengthwise edges of the textured geomembrane panels are nontextured, then the nontextured specifications will apply for the 
 testing of seams made along these edges. 
(2) Four out of the five specimens must meet these requirements. The fifth specimen must achieve 80 percent of the listed peel
 strength. 
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Table 9-5 
40-mil VFPE Geomembrane Seam Acceptance Criteria 

MINIMUMAVERAGE VALUE

PROPERTY TESTMETHOD UNITS
NON

TEXTURED TEXTURED (1)

Shear strength (2) ASTM D4437 ppi 44 44

Shear elongation (2) percent 50 50

Peel strength (3),(4)

Fusion
ASTM D4437 ppi 40 40

Peel strength (3),(4) �
Extrusion

ASTM D4437 ppi 40 40

Peel separation (5) percent 10 10
Notes:
(1) If the lengthwise edges of the textured geomembrane panels are nontextured, then the nontextured specifications shall apply 
 for the testing of seams made along these edges. 
(2) Five out of the five test specimens must meet these requirements.  In addition, failure type must be film-tear bond (FTB) for 
 all five specimens. 
(3) Four out of the five specimens must meet these requirements. The fifth specimen must achieve 90 percent of the listed peel
 strength. 
(4) Failure type must be film-tear bond (FTB) for 4 out of 5 test specimens. 
(5) Maximum Acceptance Value for four out of five test specimens.  The fifth specimen must have no more than 50 percent peel  
 separation. 
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The Installer has the following two options in determining the repair boundary
whenever a seam has failed either the field tensiometer testing or laboratory
destructive testing:

The seam can be reconstructed between any two previously tested and
passed destructive seam test locations.

The Installer can trace the welding path to an intermediate location (at a
10 foot minimum from the point of the failed test in each direction) and
request that field tensiometer tests be performed at these intermediate
locations. If the field tensiometer sample results are acceptable, then full
laboratory samples will be taken and tested. If the laboratory tests are
acceptable, then the seam will be reconstructed between these intermediate
locations. If either sample fails, then the process will be repeated until
acceptable destructive seam tests have been performed in both directions
away from the original failed sample location. For all retesting of seams,
according to this procedure, the sampling methodology described earlier in
this plan under Sampling Procedure will be used.

For seams reconstructed due to a failing destructive seam sample that are in
excess of 150 feet long, an additional sample taken from the reconstructed zone
must pass destructive seam testing.

The RPR will be responsible for documenting all actions, including test results
submitted by the geosynthetics testing laboratory, taken in conjunction with
seam testing. The RPR will also be responsible for keeping the CQA Officer
informed on seam testing results and seaming progress.

9.5 Post-installation
Each geomembrane covered by this plan will be examined by the RPR. Any defects, whether
due to failed seams, pinholes, or other penetrations, will be repaired.

Placement of the select granular fill drainage layer material will proceed as soon as practical
following the RPR�s testing and acceptance of completed geomembrane areas. The granular
layer will provide ultraviolet protection, thermal insulation, and protection from physical
damage.

Low ground pressure tracked equipment (< 5 psi) will be used to place the drainage layer
material over the geomembrane. At a minimum, 1 foot of cover material is required between
the geomembrane and low ground pressure equipment, 2 feet of cover soil are required
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between the geomembrane and all other tracked or floatation wheeled equipment, and 3 feet of
cover soil are required between the geomembrane and all rubber tired vehicles.

Following the installation of the select granular fill drainage layer material over the
geomembrane liner, electrical resistivity testing will be conducted over the entire lined area.
Detected defects will be uncovered and repaired in accordance with industry standards and
manufacturer�s recommendations.
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Section 10 
Geotextile

10.1 General
This section of the CQA Plan applies to nonwoven geotextile used throughout the landfill
facility. Geotextile will be installed in the following systems of the landfill facility:

Leachate collection system (LCS)

This section is divided into three major subheadings, which cover the quality assurance
requirements for preinstallation (which includes Geotextile Manufacturers), installation, and
post installation (which includes the final examination of the geotextiles prior to placing the
appropriate material above the geotextile). The terms preinstallation, installation, and post
installation are applicable only to the geotextile and do not apply to the overall construction of
the landfill facility.

10.2 Preinstallation

10.2.1 Manufacturing

The geotextile will be supplied to the site in factory rolls. Prior to the delivery of any
geotextile rolls to the site, the Geotextile Manufacturer will provide the CQA Officer
with the Manufacturer�s Quality Control Plan used for production of the geotextile rolls.

Every roll of geotextile for delivery to the site will be manufactured and inspected by the
Geotextile Manufacturer, according to the following requirements:

— The geotextile must contain no needles used for punching.

— The geotextile must be free of holes and any other sign of contamination by foreign
matter.

The Geotextile Manufacturer will provide certification, based on tests performed in
accordance with the methods listed in Table 10 1 that the geotextile cushion supplied
under this plan will meet the material specifications listed in Table 10 2. These tests may
be performed by the Geotextile Manufacturer�s laboratory or a laboratory
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Table 10-1 
Geotextile Material Acceptance Criteria 

(minimum average roll values) 

PROPERTY 
TEST

METHOD UNITS 

GEOTEXTILE TYPE AND FUNCTION 

A B

NONWOVEN 
FABRIC 

CUSHION FOR 
LEACHATE 

COLLECTION 
TRENCHES

NONWOVEN 
FABRIC BELOW 

GROUTED 
RIPRAP 

Mass per unit area ASTM D5261 oz/yd2 12 — 

Apparent opening size (maximum) ASTM D4751 mm 0.15 0.21 

Permittivity(1) ASTM D4491 1/s 0.9 1.5 

Grab strength ASTM D4632 lb 300 160 

Tear strength ASTM D4533 lb 115 60 

Puncture strength ASTM D4833 lb 190 80 

Wide-width tensile strength ASTM D4595 lb/in — — 

Elongation at ultimate strength(2) ASTM D4595 % — — 

Notes:
(1) Assumed geotextile thickness of 0.1 cm to estimate minimum permittivity. 
(2) Measured in machine and cross-machine direction.   
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contracted by the Geotextile Manufacturer. Additionally, the Geotextile Manufacturer
will provide certification that the Manufacturer�s Quality Control Plan was fully
implemented for the geotextile materials supplied under this plan. The Geotextile
Manufacturer will provide documentation to verify the results of the Manufacturer�s
CQA Plan implementation if required by the CQA Officer.

The geotextile rolls will be tested and evaluated prior to acceptance. The CQA Officer
may perform/require additional testing (i.e., conformance testing) as required by
detailed specifications or as required in the judgment of the CQA Officer to verify that
the geotextile meets the specifications.

10.2.2 Delivery, Handling, and Storage of Geotextile Rolls 

Each geotextile roll to be used at the landfill facility will be marked by the Geotextile
Manufacturer with the following information and in the following manner:

— When fabric is rolled on a core, each roll will be identified with a durable gummed
label, or an equivalent, on the inside of the core and on the outside of the protective
wrapping for the roll.

— Each roll label will contain the following information at a minimum:

Name of manufacturer (or supplier)

Style and type number

Roll length and width

Batch (or lot) number

Nominal product thickness

Date of manufacture

Roll number

The Geotextile Manufacturer will use the following guidelines in packaging, wrapping,
and preparing all geotextile rolls for shipment:

— When cores are required, those that have a crushing strength sufficient to avoid
collapse or other damage while in use will be used.

— Each roll will be covered with a wrapping material that will protect the geotextile
from damage due to shipment, water, sunlight, or contaminants.

The following practices will be used as a minimum in receiving and storing geotextile
rolls in the designated storage area at the job site:
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— While unloading or transferring the geotextile rolls from one location to another,
care will be taken to prevent damage to the wrapping or to the geotextile itself. If
practicable, the Installer may use fork lift trucks fitted with poles that can be
inserted into the cores of rolls. The poles will be at least two thirds the length of the
rolls, to prevent breaking the cores and possibly damaging the geotextile. Rolls will
not be dragged.

— The geotextile rolls will be stored in such a manner so as to ensure that they are
adequately protected from the following:

Precipitation

Ultraviolet radiation, including sunlight

Strong oxidizing chemicals, acids or bases

Flames, including welding sparks

Temperatures in excess of 160°F

Soiling

Throughout the preinstallation, installation, and post installation periods, the RPR will
observe and document that the Installer provides adequate handling equipment for
moving geotextile rolls and that the equipment and handling methods do not pose
unnecessary risk of damage. The Installer will be responsible for the means and
methods to implement the work.

The Installer will be responsible for ensuring that all materials installed meet
specifications (i.e., the roll marking label information indicates required specifications
and properly represents materials). The RPR will maintain a log of geotextile roll
deliveries. The following information, at a minimum, will be recorded on the log for
each shipment received at the job site:

— Date of delivery at job site

— For each geotextile roll, the following information:

Roll number

Batch (lot) number

10.3 Installation 
This section describes the quality assurance requirements applicable to the installation,
observation, and documentation of geotextile.
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10.3.1 Placement

The Installer will install all geotextile in such a manner as to ensure that it is not
damaged and in a manner that complies with the following requirements:

— On sideslopes, the geotextile will be securely anchored and then rolled down the
slope in such a manner as to continually keep the geotextile in tension.

— In the presence of wind, all geotextile will be secured by suitable methods. The
temporary securing material will be left in place until replaced with cover material
as shown on the design plans and specifications.

— In place geotextile will be cut with special care to protect other materials from
damage that could be caused by the cutting of the geotextile.

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

— During placement of geotextile, care will be taken not to entrap in the geotextile any
stones, excessive dust, or moisture that could damage the geotextile, or generate
clogging of drains or filters.

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

— The edges of the geomembrane between phases will be protected with a geotextile
wrap and/or an overlying protective material until the edges are spliced together
with the liner system of the adjacent phase.

10.3.2 Seams and Overlaps 

The following requirements will be met with regard to seaming and overlapping of
geotextile rolls:

— Geotextile seams will be continuously heat bonded or sewn (spot heat bonding or
sewing will not be allowed). Geotextile will be overlapped 6 inches prior to
seaming. The sewing method and stitch type will be per the Manufacturer�s
recommendation, but must be approved by the CQA Officer. Overlapping of
geotextile without sewing may be acceptable for certain applications (e.g., under
riprap emergency spillways) with approval from the CQA Officer.

— No horizontal seams will be allowed on slopes steeper than 5 horizontal to 1 vertical
(i.e., seams will be along, not across, the slope), except as part of a geotextile repair.

— Sewing will be performed with thread made from the same base material as the
geotextile, or suitable equivalent.
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— The Installer will pay particular attention to seams to ensure that no earthen
materials could be inadvertently trapped beneath the geotextile.

The RPR will be responsible for observing and documenting that the above provisions
are performed by the Installer in an acceptable manner.

10.4 Post-installation

10.4.1 Final Examination 

The RPR will perform a final geotextile examination after the installation of each
geotextile layer has been completed. The objectives of the final examination are as
follows:

— To examine for the presence of holes, tears, or other deterioration

— To examine geotextile for excessive tension due to stretching of the fabric during
installation

If there will be an extended time delay between completion of the geotextile and the
start of the installation of any overlying cover, then the Installer will make provisions,
by temporarily covering or using other suitable methods, to protect the geotextile
against exposure to sunlight and ultraviolet radiation.

10.4.2 Placement of Soil Materials 

The Construction Contractor will place all soil materials located on top of a geotextile in
such a manner as to minimize the following:

— Damage to the geomembrane

— Slippage of the geotextile on underlying layers

— Excessive tensile stresses imposed on the geotextile
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Section 11 
Geosynthetic Clay Liner 

11.1 Introduction
This section is divided into three major subheadings, which cover the quality assurance
requirements for preinstallation (includes the GCL Manufacturer), installation, and
post installation (includes the final examination of GCL prior to the placement of the
geomembrane). The terms preinstallation, installation, and post installation are applicable only
to the GCL installation and do not apply to the overall construction of the landfill facility.

11.2 Preinstallation
Preinstallation activities are designed to help ensure that a high quality product is being
manufactured and that it is properly delivered, handled, and stored to maintain its quality.

11.2.1 Manufacturer’s Quality Control Plan (MQCP) 

The manufacturer of each component of the GCL and the GCL itself will have a
Manufacturer�s Quality Control Plan (MQCP) to ensure that their product meets all of
the stated minimum properties. These manufacturers include the Bentonite Supplier,
the Geotextile Manufacturer, and the GCL Manufacturer.

Bentonite Supplier 

The Bentonite Supplier will have a MQCP that will be adhered to in the
manufacturing process. This plan will include the following information:

Documentation that the bentonite is sodium bentonite

Testing that demonstrates that the bentonite meets specified gradation
requirements

Testing that demonstrates that the bentonite meets specified index test
requirements

Testing that demonstrates that the bentonite has not been treated with
synthetic chemicals or polymers

Geotextile Manufacturer 

The Geotextile Manufacturer will have an MQCP that will be adhered to in
their manufacturing process. This plan will include the following provisions:
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Testing that demonstrates that the product is made of specified polymers

Testing that demonstrates that the product meets certain minimum average
roll values (for geotextiles)

GCL Manufacturer 

The GCL manufacturer will have an MQCP that describes the procedures for
accomplishing quality in the final product. At a minimum, the tests shown in
Table 11 1 shall be performed by the Manufacturer.

This MQCP will also dictate the following requirements:

Overlap alignment lines are to be marked on the edges.

Completed rolls are to be securely wrapped in plastic.

Completed rolls are to be stored indoors, and provisions are to be in place
to prevent rolls from being stacked too high, to prevent rolls from
becoming too wet, and to prevent damage during handling.

Quality control certificates are to be provided.

11.2.2 Materials 

The GCL will consist of a layer of pure sodium bentonite clay encapsulated between two
geotextiles, and will comply with all of the manufacturing processes and
physical/chemical criteria listed in this section.

The bentonite clay utilized in the manufacture of the GCL, as well as any accessory
bentonite clay (e.g., Volclay® granular sodium bentonite or approved equivalent)
provided for seaming and detail work, will meet the manufacturer�s minimum
requirements, as specified in the MQCP.

The geotextile component of the GCL, and the geosynthetic clay liner itself, will meet the
minimum requirements of the respective MQCPs.

11.2.3 GCL Delivery, Handling, and Storage 

The GCL panels will be supplied to the site in factory produced rolls, which are of
standard factory roll dimensions.
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Table 11-1 
GCL Material Tests, Test Methods, and Acceptance Criteria 

PROPERTY TEST METHOD UNITS VALUE 

Bentonite properties: 

Free Swell ASTM D5890 mL/2 g 24 (MARV)(1)

Fluid Loss ASTM D5891 mL 18 

Hydraulic properties: 

Hydraulic Conductivity ASTM D 5887 cm/sec 5 x 10-9 max.

Flux(2)(3) ASTM 5887 m3/m2-S 1 x 10-8

Physical GCL properties 

Bentonite Mass Per Unit Area ASTM D5993 lb/sqf 0.75 (MARV)(1) 

Grab Strength ASTM D 4632 lb 90 (MARV)(1)

 ASTM D 6768 lb/in. 22.5 (MARV)(1

Peel Strength ASTM D 4632 lb 15 min. 

 ASTM D 6496 lb/in. 2.5 min. 

Hydrated Internal  ASTM D 5321 lb 15 min. 

Shear Strength  ASTM D 6243 lb/sqf 500 

Notes:
(1) Minimum average roll value (MARV). 
(2) Flux is defined as “flow rate/unit area” which can be converted to permeability using the equation: 

   permeability = flux/hydraulic gradient 

(3) Report results at a maximum confining stress of 69 Kpa (5 psi) and 34 Kpa (2 psi) head pressure. 
(4) The values provided in the original table for “Fluid loss” and “Flux” shall be considered maximum permitted  values. 
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Each roll of GCL supplied to the site will be labeled with the following information:

— Name of manufacturer

— Product type and identification number (if any)

— Lot (Batch) number

— Date of manufacture

— Roll number

The GCL Manufacturer will ensure that the crushing strength of all GCL roll cores will
be sufficient to avoid collapse or other damage while in use.

The rolls of GCL will be carefully unloaded by the Contractor upon arrival at the site. At
a minimum, the following practices will be followed in receiving and storing GCL rolls
in the covered storage area at the job site:

— While unloading or transferring the GCL rolls from one location to another, prevent
damage to the GCL.

— For standard rolls, insert a steel support pipe through the cardboard roll core.
Attach the slings or lifting chains at one end to the support pipe and at the other
end to the bucket of a front end loader or lifting device. Use a spreader bar to
support and spread the slings. Ensure that the bar and support pipe are long
enough to prevent damage to the edges of the GCL during hoisting.

— Alternatively, modify the fork lift trucks to lift the rolls with a steel bar, securely
attached to the fork lift and inserted into the roll core. Do not lift the rolls by sliding
the forks under the roll.

— Store the rolls of GCL in their original, unopened, wrapped cover in a clean, dry
area. Store the material off the ground on pallets or by other suitable techniques
that provide continuous support over the entire length of the roll. Cover the roll
with a heavy, protective tarpaulin, or store the roll beneath a roof. Care will be used
to protect the GCL from the following:

Precipitation

Ultraviolet radiation, including sunlight

Strong oxidizing chemicals, acids or bases

Flames, including welding sparks

Temperatures in excess of 160 F
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Throughout the preinstallation, installation, and post installation periods, the RPR will
be responsible for observing and documenting that the Installer provides adequate
handling equipment for moving GCL rolls and that the equipment and handling
methods do not pose any risk of damage.

The RPR will be responsible for making certain that the name of the manufacturer, the
type, and the thickness of each roll (as noted on the roll marking label described above)
are correct. The RPR will also maintain a log of GCL roll deliveries. The following
information, at a minimum, will be recorded on the log for each shipment received at
the job site:

— Date of receipt of delivery at job site

— For each GCL roll, the following information will be noted:

Roll number

Batch (lot) number

11.2.4 Submittals 

Submittals will be made prior to installation of the GCL concerning the GCL
Manufacturer/production information and the GCL installer information.

The GCL Manufacturer/production information will include the following:

— Corporate background information

— Manufacturer�s Quality Control Plan (MQCP) for bentonite, geotextile, and GCL
manufacturers

— Project reference list consisting of the principal details of at least 10 projects totaling
at least 8 million square feet of GCL installation, if required by the RPR or CQA
Officer

— Results of tests conducted by the Bentonite Supplier and Geotextile Supplier to
document the quality of the materials used to manufacture the GCL rolls assigned
to the project

— Copy of quality control certificates, signed by a responsible entity of the
Manufacturer. Each quality control certificate will include roll identification
numbers, and the results of quality control tests (refer to Subsection 11.2.3 above for
minimum testing requirements)

— Manufacturer�s written certification that the GCL meets the project specifications,
that the GCL has been continuously inspected and found to be needle free, that the
bentonite will not shift during transportation or installation, and that the bentonite
and geotextile materials meet the Manufacturer�s specifications
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GCL Installer information will include the following:

— Corporate background information

— Project reference list consisting of the principal details of at least five projects
totaling at least 1 million square feet, if required by the RPR or CQA Officer

— List of personnel performing field operations, along with pertinent experience
information, if required by the RPR or CQA Officer

Also submitted prior to the preconstruction/preinstallation meeting will be the proposed
panel layout diagram identifying placement of the GCL panels and seams, as well as any
variances or additional details that deviate from the engineering drawings. The layout
will be drawn to scale, will include information such as dimensions and details, and will
be adequate for use as a construction plan.

11.3 Installation 
The following installation procedures are designed to ensure the effectiveness of the GCL in
meeting its design requirements and to simplify the deployment procedures. These procedures
are to be followed by the Installer, unless the Installer proposes alternative procedures in
writing and the CQA Officer approves them in writing prior to installation.

11.3.1 Testing Requirements 

This subsection describes the test methods, including sampling procedures and
frequencies, and the role of the Geosynthetic Testing Laboratory in testing the GCL roll
samples. Unless specified otherwise, all sampling procedures will be performed in
accordance with the referenced test method defined in this section.

GCL roll samples will be collected by the Contractor at the discretion of, and under the
direction of, the RPR, at a rate specified by the RPR.

Samples will be 3 feet long by the full width of the roll and will not include the first
3 feet of any roll.

Table 11 1 lists the tests and the test methods that may be performed on GCL roll
samples. The specifications and methods used in evaluating the results are discussed
later in this subsection.
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Role of Testing Laboratory 

The Geosynthetic Testing Laboratory will be responsible for performing the
tests on samples submitted to them. The results of tests performed will be
reported to the RPR and CQA Officer.

Retesting of GCL rolls for quality assurance purposes, because of failure to
meet any or all of the acceptance specifications in this section, can only be
authorized by the CQA Officer.

The GCL Manufacturer and/or Installer may perform their own tests according
to the methods and procedures defined in Table 11 1; however, the results will
only be applicable to their own quality control needs. These results will not be
substituted for the quality assurance testing described herein.

Procedure For Determining GCL Roll Test Failures 

Table 11 1 lists the specifications that are applicable to the GCL. For any
referenced test method that requires the testing of multiple specimens, the
criteria in Table 11 1 will be met based on the average results of the multiple
specimen tests.

The following procedure will be used for interpreting the results relative to
acceptance or rejection of rolls, lots, and shipments of GCL to the site:

1. If the test values meet the stated specifications, then the roll and batch will
be accepted for use at the job site. If the sample represents all rolls from an
entire shipment, then the entire shipment will also be considered accepted.

2. If the results do not meet the specification, then the roll and the batch will
be retested at the Contractor�s expense using specimens either from the
original roll sample or from another sample collected by the RPR. For
retesting, two additional tests will be performed for the failed test
procedure. (Each additional test will consist of multiple specimen tests if
multiple specimens are called for in the failed test procedure.) If both of
the retests are acceptable, then the roll and batch will be considered as
having passed this particular acceptance test; if either of the two additional
tests fail, then the roll and batch will be considered as being unsuitable
without further recourse. The RPR may obtain samples from other rolls in
the batch. On the basis of testing these samples, the CQA Officer may
choose to accept a portion of the batch while rejecting the remainder.

If retesting does not result in passing test results as defined in the
preceding paragraph, or if there is any other nonconformity with the
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material specifications, then the Contractor will withdraw the rolls from
use in the project at Contractor�s sole risk, cost, and expense. Once
withdrawn, the same rolls will not be resubmitted for use. Expenses for
removing this GCL from the site and replacing it with acceptable GCL will
be the sole risk and responsibility of Contractor.

11.3.2 Required Equipment 

The following installation equipment is required on site:

— Front end loader, crane, or other similar equipment. The selected piece
of equipment will not cause damage to the subgrade, such as rutting. The Installer
will verify in the presence of the RPR that the selected piece of equipment does not
damage the subgrade

— A spreader bar to prevent slings from damaging the ends of the rolls.

— Several steel pipes to be inserted into the roll�s core for lifting.

— Wooden pallets for aboveground storage of the GCL rolls.

— Heavy waterproof tarps for protecting all GCL rolls.

— Sandbags for securing the GCL during installation and for securing the tarps.

— Adhesive or tape for securing patches.

— Granular bentonite for seams and patches, and for securing around penetrations
and structures as shown on the drawings.

11.3.3 Surface/Subgrade Preparation 

GCL liner installation will not begin until a proper subbase has been prepared to accept
the bentonite liner. Base material, including material in the vee trenches constructed for
the leachate collection system piping, will be fine grained soil free from angular rocks,
roots, grass, and vegetation. Foreign materials and protrusions will be removed, and all
cracks and voids will be filled; the surface will be made smooth and uniformly sloping.
Unless otherwise required by the contract specifications and drawings, the prepared
surface will be free from excessive moisture, loose earth, rocks or clay clods larger than
1 inches in diameter, rubble, and other foreign matter. The subgrade will be uniformly
compacted to ensure against localized settlement and rutting under wheel loads and
will be smoothed with a smooth drum or vibratory roller. Refer to Subsection 9.3.2 for
additional earthwork related requirements.

The surface on which the liner is to be placed will be maintained in a firm, clean, and
smooth condition, free of standing water, during liner installation.
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11.3.4 Deployment 

As each roll is moved from the storage area, the labels will be removed by the Installer
or RPR for storage in the project file.

The rolls of GCL will be brought to the area to be lined with a front end loader, and
support pipe will be set up such that the roll of liner is fully supported across its length.
A spreader bar or similar device will be used to prevent the lifting chains or slings from
damaging the edges. Dragging of the GCL liner will be minimized.

The Contractor will ensure, and the RPR will verify, that the following criteria are being
met:

— The equipment used does not damage the GCL by handling, excessive heat, leakage
of hydrocarbons, or by other means.

— The prepared surface underlying the GCL has not deteriorated since previous
acceptance, and it is still acceptable at the time of GCL placement.

— Personnel working on the GCL do not smoke, wear damaging clothing, or engage in
other activities that could damage the GCL.

— The method used to unroll the GCL does not cause damage to the GCL, and/or the
subgrade.

— The method used to place the rolls minimizes wrinkles (especially wrinkles between
adjacent panels).

GCL must not be placed during precipitation events, in the presence of excessive
moisture, in any area of ponded water, or during excessive winds. The GCL must be
dry when installed and must be dry when covered.

The proper side of the GCL, as per the manufacturer�s recommendation, will face
upward (unless otherwise dictated by project requirements). The liner will be placed
over the prepared surface such that material handling will be minimized.

The GCL panels will be placed in a manner that ensures sufficient overlap as described
in Subsection 11.3.5. Horizontal seams will not occur on slopes steeper than
10 horizontal:1 vertical.

The cover material (i.e., geomembrane) will be placed over the bentonite liner during the
same day as the placement of the GCL. Only those GCL rolls that can be covered that
same day will be unpacked and placed in position.
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When wind conditions could affect installation, the GCL liner installation will be started
at the upwind side of the project and will proceed downwind. The leading edge of the
liner will be secured at all times with sandbags or other means sufficient to hold it down
during high winds.

The GCL will be installed in a relaxed condition and will be free of tension or stress
upon completion of the installation. Stretching of the liner to fit will not be allowed.
Deployed rolls (panels) will be straightened by the installation personnel to smooth out
creases or irregularities.

The RPR will visually inspect the geotextile�s quality, the bentonite uniformity, and the
degree of hydration, if any, of the GCL. Any areas in need of repair will be marked.

11.3.5 Seaming 

Once the first panel has been deployed, adjoining panels will be laid with a 6 inch
minimum overlap on longitudinal seams, and 24 inches on the panel end seams,
depending on project specifications. To assist in obtaining the proper overlap, 6 inch
overlap lines will be marked on the liner. All dirt, gravel, or other debris will be
removed from the overlap area of the GCL.

Seam overlaps, whenever possible, will be placed such that the direction of flow is from
the top panel to the underlying panel to form a shingle effect.

If the GCL requires a granular bentonite seam, then the overlapping panel edge will be
pulled back and granular Volclay® (or approved equivalent) sodium bentonite will be
poured continuously along all seams and lap areas from the panel edge to the 6 inch lap
line, at a minimum application rate of ¼ pound per linear foot.

11.3.6 Patches/Repairs 

Irregular shapes, cuts, or tears in the installed GCL will be covered with sufficient liner
to provide a 12 inch overlap in all directions beyond the damaged area. A layer of
granular bentonite will be placed in the overlap zone in accordance with the
Manufacturer�s recommendations. An epoxy based adhesive, or other approved
method, will be used to secure the patch during backfill operations. Alternatively, the
patch can be placed underneath the defective liner.

11.3.7 Penetration Seals 

The GCL will be sealed around penetrations, pipes, and structures in accordance with
the recommendations of the GCL Manufacturer.
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Pipe penetrations will incorporate a collar of GCL wrapped around the pipe and
securely fastened. A bentonite or mastic grout will be placed around the corners for
additional protection.

An additional GCL skirt placed over the bentonite grout is also recommended to
provide a third level of protection and to prevent the bentonite grout from being
displaced.

If the seal requires granular bentonite, then a 1 to 2 inch cut will be excavated around
the circumference of the pipe, into the subgrade at least 12 inches out from the pipe.
Volclay® sodium bentonite (or approved equivalent) will then be packed around the
pipe in the subgrade excavation and on adjacent areas so that the pipe is surrounded
with granular bentonite.

The GCL panel will then be placed over the pipe by penetrating the GCL with slits in a
�pie� configuration where the pipe is to protrude in a manner that will create a snug fit
between the GCL and the pipe.

More sodium bentonite will then be spread around the cut edges of the GCL against the
pipe and over adjacent areas.

To complete the pipe penetration seal, a collar of GCL will be cut in a manner similar to
that made on the main panel and will be fit around the pipe, with additional Volclay®

sodium bentonite (or approved equivalent) being applied into any gaps that may
remain.

11.3.8 Covering GCL 

Only the amount of GCL that can be inspected, repaired, and covered in the same day
will be installed. The GCL must be covered the same day on which it is installed.

Geosynthetics

When covering the GCL, precautions will be taken to prevent damage to the
GCL by restricting heavy equipment traffic. If a textured geomembrane is to be
placed over the GCL, a slip sheet (such as 20 mil smooth HDPE) will be placed
over the GCL to allow the textured geomembrane to slide into its proper
position. The slip sheet will be removed after the geomembrane is in place.
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Soil

The following requirements apply to soil placement over the GCLs:

Equipment used for placing the soil must not be driven directly on the
GCL.

A minimum thickness of 1 foot of soil is specified between a light dozer
(i.e., maximum contact pressure of 8 lb/sq. inch) and the GCL.

A minimum thickness of 3 feet of soil is specified between rubber tired
vehicles and the GCL.

Any leading edge or panels of GCL left unprotected must be covered with a
heavy, waterproofing tarp that is secured and protected with sandbags or other
ballast.

11.3.9 Submittals 

The following will be submitted during installation:

— Daily records/logs prepared by the Installer documenting work performed,
personnel involved, general working conditions, and any problems encountered or
expected on the project. These records will be submitted on a weekly basis.

— Copy of subgrade acceptance forms by the Installer.

— Quality control documentation.

11.4 Post-installation

11.4.1 Final Examination 

The RPR will perform a final GCL examination after portions of installation have been
completed. The RPR will examine the GCL for the following:

— Tears or defects

— Proper overlaps

If any portion of the GCL requires repairs based on the above examination, it will be
repaired in accordance with the procedures in Subsection 11.3.6.

11.4.2 Submittals 

The following will be submitted after installation is completed:

— Installation certification prepared by the Installer certifying that the GCL was
installed in substantial accordance with the specifications and the CQA Plan.
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— An as build panel layout diagram prepared by the Installer identifying the
placement of panels and seams. The numbering sequence will be as agreed upon
between the RPR and the Installer prior to commencing installation.

— A copy of the Warranty obtained from the Manufacturer/Installer.
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Section 12 
Piping

12.1 General
This section includes quality assurance requirements for piping used throughout the facility.
Piping will be used in the construction of the following items:

Leachate collection system

Leachate conveyance (or transfer) system

Leachate head well piping

This section is divided into three major subheadings, which cover the quality assurance
requirements for the preinstallation (includes Piping Manufacturers and Fabricators),
installation, and post installation (includes the final observation and documentation of piping
installations). The terms preinstallation, installation, and post installation are applicable only to
the piping installation and do not apply to the overall construction.

Individual pipe sizes and standard dimension ratios (SDRs) to be used for each individual pipe
installation are not detailed in this section; the plans and specifications will be used for the
determination of correct size and wall thickness.

12.2 Preinstallation

12.2.1 Manufacturing

High-Density Polyethylene Material Specifications 

High density polyethylene (HDPE) pipe must be made from extra high
molecular weight (EHMW) polyethylene (PE) resin, and the manufactured
piping must be classified as Type III, Class C, Category 5, Grade P34 material
according to ASTM D1248 and must also have a cell classification of 345434C as
defined by ASTM D3350.

Polyvinyl Chloride Material Specifications 

All polyvinyl chloride (PVC) pipe fittings must be Schedule 120 PVC molded
fittings. Extruded fittings may not be used unless specifically approved in
writing by the CQA Officer.
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Fabricator

The Piping Fabricator will be responsible for perforating the pipe delivered by
the Piping Manufacturer according to the plans and specifications.

12.2.2 Delivery, Handling, and Storage of Piping 

Pipe will be protected during shipment from excessive heat or cold, puncture, or other
damaging or deleterious conditions. The pipe will be stored on site in a manner suitable
to protect it from long term ultraviolet exposure prior to actual installation.

Throughout the preconstruction, construction, and post construction periods, the RPR
will be responsible for observing and documenting that the Contractor provides
adequate handling equipment for moving pipe and that the equipment and handling
methods do not pose any risk of damage.

The RPR will maintain a log of pipe deliveries throughout the installation. The
following information, at a minimum, will be recorded on the log for each shipment
received at the job site:

1. Date of receipt of delivery at job site

2. Pipe size and type

12.3 Installation 

12.3.1 Connections

HDPE Pipe 

Unless approved otherwise by the CQA Officer, HDPE pipe connections will be
made by the butt fusion procedure. The following procedure will be used
regarding butt fusion seams:

Seams will be made at the Manufacturer�s recommended temperature for
fusing pipe and fittings.

For pipe diameter sizes 4 inches (nominal) and larger, seams will be made
using the hydraulic fusion machines. For pipe diameters of less than
4 inches, manual fusion equipment can be used.

Care will be taken to make certain that adequate pressures are used for
fusing pipes and that sufficient cooling periods are allowed prior to testing,
bending, or backfilling of pipe sections.
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PVC Pipe 

Unless approved otherwise by the CQA Officer, all PVC pipe connections will
be made according to the Standard Practice for Making Solvent Cemented
Joints with Polyvinyl chloride (PVC) Pipe and Fittings, ASTM D2855.
Particular care will be taken regarding required set and cure times for solvent
cemented joints, which vary for ambient temperature conditions. Joints will not
be subjected to stresses by moving or backfilling prior to the specified set times.
ASTM D2855 Section 5.2.4 discusses shelf life and signs of deterioration of PVC
solvent cements. Only original quality solvent cement may be used since
expired shelf life and deteriorated cements may cause inadequate connections.

12.3.2 Placement

Pipe placement will be done in accordance with the following procedure and
requirements:

— Piping will be bedded and backfilled according to the plans and specifications.

— The prepared surface underlying the piping will not show evidence of deterioration
since previous acceptance and must be acceptable prior to piping placement.

— The method used to place the piping will not cause damage to the piping and will
not disturb the supporting backfill.

— The pipe bedding material will be shovel sliced, or compacted to the spring line of
the pipe to ensure proper bedding.

— Observations and measurements will be made to ensure that the pipes are of the
specified size and dimension ratio, manufactured of the specified material, and that
pipe perforations are sized and spaced as specified.

— All piping will be located as noted in the plans and specifications. Locations,
grades, and size requirements are specified on the details of the plan set.
Observations and surveying measurements will be made to ensure that the pipes
are placed at the specified locations and grades and in the specified configuration.
Deviations from the plans and specifications will be brought to the attention of the
CQA Officer for evaluation of the necessity of corrective action.

12.3.3 Damage 

Damaged pipes or portions of pipes that have been rejected will be marked and
removed from the installation area.
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12.4 Post-Installation
The integrity of each leachate collection piping system installed will be documented by flushing
with water, by pulling a mandrel, or by another equivalent method after completion of
construction of the backfill/leachate drainage layer. The RPR will observe and document that
this operation is carried out and that the pipes are free flowing. Any systems that do not appear
to be free flowing will be immediately reported to the CQA Officer, and corrective action will be
taken.

Solid wall pipe (single and double walled) outside the limits of waste will be air pressure�
tested to document that the piping system is airtight. The line will be air pressurized to
5.0 pounds/square inch (gauge pressure). The valve on the pressurizing unit will be closed, and
the system will be pressure monitored. A system pressure of 4.5 psig or greater maintained for
30 minutes after the valve closing will be considered as acceptable. The RPR will observe and
document that this operation is carried out and that the pipes are airtight.

Pipe invert elevations will be documented every 50 linear feet by survey, as well as at key
points, including changes in grade, intersections, and end points.
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Appendix H: GCL Conformance Demonstration 

• H.1:  Liquid Flow Rate Comparison 

• H.2:  GCL Compatibility Demonstration 

– H.2.1:  2009 Leaching Potential and GCL Compatibility Analysis 

– H.2.2:  2013 Plan of Operation Modification 
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H.1 
Liquid Flow Rate Comparison 

  



999 Fourier Drive, Suite 101, Madison, WI 53717 • www.TRCcompanies.com     SHEET 1 OF 1

Q = flow rate (cm3/sec)
A = surface area of liner (cm2)
q = flow rate per unit area (cm3/sec/cm2)

k = hydraulic conductivity (cm/sec)
h = hydraulic head above liner (cm)
t = thickness of liner (cm)

k 1E-07 cm/sec k 1.23E-09 cm/sec
h 30.48 cm h 30.48 cm
t 60.96 cm t 0.5 cm

q 1.5E-07 cm3/sec/cm2 Good q 7.62E-08 cm3/sec/cm2

Assumptions

1) The maximum head on the liner will be 1 ft, which is the maximum head allowed according to WDNR

2) Hydraulic Conductivity of the GCL is based on latest documentation results during the construction of Cell 3B liner (TRC, 2015).

3) GCL thickness is typically 5mm to 12 mm. 5 mm (0.5 cm) was used as the thickness to remain conservative.

PROJECT / LOCATION:  Dairyland Power Cooperative 2022 Plan Modification PROJECT / PROPOSAL NO.

SUBJECT: GCL vs. Soil Barrier Liquid Flow Rate Comparison 469888.0001.0000
FINAL              DATE:  12/7/2022PREPARED BY: Z. Bauman

In accordance to s. NR 504.12(3)(5), a liner that utilizes GCL and soil barrier shall be designed to have a liquid flow rate 
no greater than the liquid flow rate through 2 feet of compacted soil with a hydraulic conductivity of 1 x 10-7 cm/sec. 
The liquid flow rate comparison shall be made using Darcy's Law:

2 -ft Compacted Soil GCL with 2 ft soil barrier

Conclusion: Based on the tested hydraulic conductivity of the GCL, the flow rate of the GCL and soil barrier 
are not greater than that of a 2 ft compacted soil liner system with a hydraulic conductivity of 1 x 10-7 

cm/sec and thus, satisfies s. NR 504.12(3)(5).  As detailed in the Section 3.2.2.2.2 of the 2023 Plan 
Modification, the effect of the CCR leachate on the GCL is minimal and does not substantially impact the 
GCL hydraulic conductivity.

REVISION       DATE: 12/28/2022CHECKED BY:  B. Kahnk

𝑄𝑄
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Reissued to add roll number

Mail To: Bill To:

Terrence D. Halena <= Same 
TRC Environmental Corporation
708 Heartland Trail, Suite 3000 
Madison, WI 53717

email: thalena@trcsolutions.com
cc email: twmartin@trcsolutions.com
cc email: ssellner@trcsolutions.com

Dear Mr. Halena:

Thank you for consulting TRI/Environmental, Inc. (TRI) for your geosynthetics testing needs.  
TRI is pleased to submit this final report of the laboratory testing for the sample listed below.

Project: DPC Cell 3 B Construction

TRI Job Reference Number: E2392-74-03

Material Tested: One GCL

Test Requested: Index Flux (ASTM D5887)

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

Sincerely,

www.GeosyntheticTesting.com 

September 23, 2015

July 29, 2015

 

 

Richard S. Lacey, P.E. 
Senior Engineer 
Geosynthetic Services Division 

page 1 of 2



 

 

GCL TEST RESULTS

TRI Client: TRC Environmental Corporation

Project: DPC Cell 3 B Construction

Material: GCL

Sample Identification: 502252239

TRI Log #: E2392-74-03

STD.

PARAMETER TEST REPLICATE NUMBER MEAN DEV.

1 2 3 4 5 6 7 8 9 10

Index Flux (ASTM D5887)

Index Flux (m
3
/m

2
/sec) 2.9E-09 2.9E-09

Hydraulic Conductivity (cm/sec) 2.3E-09 2.3E-09

MD Machine Direction TD Transverse Direction NA Not Available

 

 

page 2 of 2
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H.2 
GCL Compatibility Demonstration 
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H.2.1 
2009 Leaching Potential and GCL Compatibility Analysis 
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H.2.2 
2013 Plan of Operation Modification 
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Table 1 
Summary of Required Information of Three Coal Combustion Residuals 

INFORMATION 
DRY SCRUBBER WASTE 

JPM

ACTIVATED CARBON 

JPM GENOA 

Physical and Chemical Characteristics 

Solids Content 100% 100% 100% 

MSDS NA See attached 

Paint Filter Test No free liquid –  
waste generated from a high temperature combustion process 

Volume and Duration of Waste Disposed 

Monthly 1,250 tons/mo 103 tons/mo 134 tons/mo 

Yearly 15,000 tons/yr 1,231 tons/yr 1,607 tons/yr 

Duration Through lifespan of landfill 

Source of Wastes and Special Handling – in text 
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Table 2 
Moisture Holding Capacity of Sodium Bicarbonate-treated (JPM)  

and Lime-treated (G-3) FGD Residual Material 

ADDITIVE/WASTE 

WATER 
(mL/kg) 

ADDED RECOVERED ABSORBED 

Sodium Bicarbonate/ 

JPM 

250 0 250 

500 0 500 

1,000 167 833 

1,500 325 1,175 

2,000 760 1,240 

3,000 1,680 1,320 

Lime/

G-3 

500 0 500 

1,000 0 1,000 

1,500 0 1,500 

2,000 665 1,335 

3,000 1,670 1,330 

4,000 2,250 1,750 



Figure 1 
Schematic of the Air Pollution Control 

System for the JPM Facility



Figure 2 
Schematic of the Air Pollution Control 

System for the G-3 Facility
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Figure 3 
Moisture Holding Capacity of JPM (sodium bicarbonate treated) and G-3 (lime treated) Material 
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Attachment 1

Material Data Safety Sheets

Material Safety Data Sheets for Activated Carbon from ADA Carbon
Solutions, LLC

Material Safety Data Sheets for Activated Carbon from Albemarle Corp.



MATERIAL  SAFETY DATA SHEET
Page 1 of 6

         PowerPAC  Emission Control Treatment Series 
 

                                                  Issue Date: 07/14/2011  
  Supersedes all previous 

 
1.  Product and Company Identification 

Supplier 
ADA Carbon Solutions, LLC 
8100 SouthPark Way, Unit A-2 
Littleton, CO  80120-4527 

Telephone Number:  888-843-8416 
FAX Number:  303-962-1970 

Manufacturer 
ADA Carbon Solutions, LLC 
8100 SouthPark Way, Unit A-2 
Littleton, CO  80120-4527 
 
Telephone Number:  888-843-8416 
FAX Number:  303-962-1970 

Supplier Emergency Contacts & Phone Number 
CHEMTREC:  800-424-9300 

Manufacturer Emergency Contacts & Phone Number 
CHEMTREC:  800-424-9300 

Issue Date:  06/2011 

Product Name:  Power , Power PAC LF  
CAS Number:  N/A 

Product/Material Uses 
Powdered carbon sorbent of vapor-phase mercury in flue gas, primarily in coal-fired power plants. 

 

2.  Composition/Information On Ingredients 

Ingredient 
Name 

CAS 
Number 

 Percent of 
Total Weight 

Carbon, activated 7440-44-0  0 100 

This product contains no hazardous ingredients when evaluated by criteria established in the OSHA Hazard 
Communication Standard (29 CFR 1910.1200). 

 

EMERGENCY OVERVIEW 

Wet activated carbon removes oxygen from air and can lower the concentration of oxygen inside vessels and other 
confined spaces.  During combustion, toxic and irritating gases including high levels of carbon monoxide may be 
produced. 

 

3.  Hazards Identification 

Primary Routes of Entry 
Inhalation, skin contact, eye contact 

Eye Hazards 
Dust may cause mild mechanical irritation. 

Skin Hazards 
Prolonged or repeated skin contact may cause irritation, drying, and redness. 

Ingestion Hazards 
May cause mild gastrointestinal tract irritation. 

Inhalation Hazards 
 High airborne concentrations of low-toxicity dusts may cause coughing, sneezing, and mild temporary irritation. 

 Avoid use in confined spaces.  Wet activated carbon can absorb and deplete oxygen from the air, causing a severe 
hazard to workers. 

Chronic/Carcinogenicity Effects 
Activated carbons may contain crystalline silica, which is classified as a potential human carcinogen.  Prolonged 
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         PowerPAC  Emission Control Treatment Series 
 

                                                  Issue Date: 07/14/2011  
  Supersedes all previous 

inhalation of excessive dust may cause pulmonary disorders. 

 

4.  First Aid Measures 

Eye
Hold eyelids apart and flush eyes with plenty of water for at least 15 minutes.  Get medical attention if irritation 
develops. 

Skin 
Wash affect areas with soap and water.  Get medical attention immediately if irritation develops. 

Ingestion 
If person is fully conscious, give one or two cups of water or milk to drink.  Get medical attention immediately if 
large quantities are ingested. 

Inhalation 
 Remove person from source of exposure and into fresh air.  Get medical attention if irritation or breathing difficulties 

develop. 

 

5.  Fire-Fighting Measures 

Lower Explosive Limit:  N/A 
Upper Explosive Limit:  N/A 

Fire and Explosion Hazards 
High dust concentrations may form explosive mixtures with air, which can be ignited by spark or flame.  Dusts may 
accumulate a static discharge.  Keep dust concentrations low. 

Fire is possible at elevated temperatures or by self-heating when exposed to strong oxidizers.  Activated carbon 
tends to burn slowly without producing smoke or flame.   Material allowed to smolder for long periods in enclosed 
spaces may produce carbon monoxide, which may reach a lower explosive limit for carbon monoxide (12.5%) in 
air.  Wet activated carbon depletes oxygen from the air.   

Warning:  Electrostatic precipitator and baghouse hoppers containing powdered activated carbon or fly ash with 
activated carbon can autoignite and present a smoldering fire hazard when exposed to elevated temperature and 
other sources of heat, such as heaters.  If activated carbon is present, hoppers should be emptied frequently and 
particular care should be exercised when hopper heaters are in use.  Cutting or welding operations should not be 
used near this material due to potential for smoldering combustion.  This material is not a self-heating material as 
classified for transportation. 

Extinguishing Media 
In case of fire, use water spray, dry chemical, or CO2.  Use water to cool fire-exposed containers. 

Fire-Fighting Instructions 
 Firefighters should wear self-contained breathing apparatus and full protective gear.  Remove product from building 

to a non-hazardous area, preferably outdoors, if safe to do so. 

 

6.  Accidental Release Measures 

Provide maximum dilution or explosion-proof exhaust ventilation.  Avoid generating dust.  Pick up released product 
with appropriate implements and return to original container if reusable, or dispose. 
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7.  Handling and Storage 

Handling Precautions 
 Follow good handling and housekeeping practices.  Avoid spills and accumulations of dust, or generation of 

airborne dust.  Do not enter places where bulk material is used or stored until adequately ventilated to prevent 
asphyxiation. 

 As with all finely divided materials, precautions should be taken to avoid inhalation and eye contact.  Ground all 
transfer, blending, and dust collecting equipment to prevent static discharge in accordance with NFPA 70, National 

rdous 

Prevention of Fire and Dust Explosions from the Manufacturing, Processing, and Handling of Combustible 
e Dust standards.  Remove all ignition sources from material handling, 

transfer, and processing areas where dust may be present.  

Storage Precautions 

Store in sealed containers in a clean cool, dry, well-ventilated area away from strong oxidizers, ignition sources, 
combustible materials, and heat.  Do not store near, or allow contact with, moisture or strong oxidizers. 
 
Warning:  Wet activated carbon depletes oxygen, creating oxygen-deficient atmospheres in confined spaces. 

Work/Hygienic Practices 
Wash thoroughly with soap and water after handling. 

 

8.  Exposure Controls/Personal Protection 

Engineering Controls 
 Use with adequate general and local exhaust ventilation to prevent excessive airborne dust concentrations.  Local 

exhaust ventilation should be provided, to maintain exposures below recommended occupational exposure limits.  
Confined spaces where activated carbon is present should be well ventilated and monitored for oxygen content. 

Eye/Face Protection 
Safety glasses with side shields are recommended as minimum industrial eye protection when handling bulk 
product or performing spill cleanup. 

Skin Protection 
Protective gloves are recommended to minimize skin contact.  Use a lab coat or disposable coveralls to prevent 
excessive contamination to personal clothing. 

Respiratory Protection 
In case of inadequate ventilation to control dust, use NOISH-approved respirator for particulates (e.g., N95).  
Supplied air respirators may be needed for entering confined spaces where product is stored or handled to protect 
against oxygen deficiency. 

Ingredients  Exposure Limits 
Carbon, activated. 
 OSHA PEL-TWA:  15 mg/m3, total dust, as particulates not otherwise specified 
 OSHA PEL-TWA:  5 mg/m3, respirable dust, as particulates not otherwise specified 
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9.  Physical and Chemical Properties 

Appearance 
 Grey to black, free-flowing powder 

Odor 
Odorless 

Chemical Type:  Mixture 
Physical State:  Solid 
Specific Gravity:  > 1* 
Packing Density:  0.5 to 0.65 
Vapor Pressure:  N/A 
Solubility:  Slightly soluble 
Evaporation Rate:  N/A 

* - Skeletal density (true density without pores) 

 

10.  Stability and Reactivity 

Stability:  Stable under ordinary conditions of shipment, storage, and use. 
Hazardous Polymerization:  Will not occur. 

Incompatible Materials 
 Avoid contact with strong oxidizing agents such as ozone, liquid oxygen, chlorine, permanganate, sulfuric acid, and 

nitric acid. 

Hazardous Decomposition Products 
 carbon 

monoxide), formaldehyde, ethylene, and acrylic acid.  The exact chemicals formed depend on many factors 
including temperature and heating rate. 

 

11.  Toxicological Information 

Chronic/Carcinogenicity 
 The product is not listed as potentially carcinogenic by NTP, IARC, OSHA, or ACGIH. 

 May contain trace concentrations of bound silica.  Crystalline silica is considered to be a probable human 
carcinogen. 

Ingredients  Toxicological Data 
Carbon, activated. 
 LC50 (inhal, rat):  > 64,400 mg/m3 
 LD50 (oral, rat):  > 10,000 mg/kg 

 

12.  Ecological Information 

Ecotoxicological Information 
 No information available for the product.  However, ecotoxicity is expected to be minimal. 

 This material will increase the conductivity of water by increasing dissolved solids.  Used activated carbon may 
exhibit characteristics of the absorbed material. 

Environmental Fate Information 
No information available. 
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13.  Disposal Considerations 

Activated carbon in pure form is not a hazardous material but spent carbon could potentially be a hazardous waste 
depending on the application.  Dispose in accordance with applicable federal, state, and local government regulations. 

 
 

14.  Transport Information 

Additional Shipping Paper Description 
 Shipping name:  Activated Carbon. 

-
the United Nations Manual of Tests and Criteria [33.3.1]. 

 

15.  Regulatory Information 

U.S. Regulatory Information 
 Toxic Substance Control Act (TSCA):  All ingredients of the product are listed on the TSCA 8(b) Chemical 

Substance Inventory or are exempt. 

 Product is not classifiable under any of the five SARA Title III hazard ratings. 

 Product does not have a CERCLA RQ. 

SARA Section 313 Notification 
This product does not contain any ingredients regulated under Section 313 of the Emergency Planning and 
Community Right-To-Know Act of 1986 or 40 CFR 372. 

Canadian Regulatory Information 
Product is not regulated or controlled under WHMIS (Canada).  This product is not classifiable as hazardous under 
the Canadian Hazardous Products Act (HPA). 

DSL:  6798 
 

16.  Other Information 

NFPA Rating 
Health:  1 
Fire:  1 
Reactivity:  0 

HMIS Rating 
Health:  0 
Fire:  0 
Reactivity:  0 
Personal Protection:  B 
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Disclaimer 

This information relates to the product designated herein and does not relate to its use in combination with any other 
material or in any other process.  
reliable and accurate as of this date; however, accuracy, suitability, and completeness are not guaranteed.  Users are 
responsible to verify this data for their own particular use and they assume all risks of their reliance upon information 
contained herein. ADA Carbon Solutions, LLC, shall under no circumstances be liable for incidental or consequential 
damages as a result of reliance upon information contained herein. 

NO WARRANTY:  ADA CARBON SOLUTIONS MAKES NO WARRANTY OF MERCHANTABILITY OR OF ANY 
OTHER KIND WITH RESPECT TO INFORMATION CONTAINED HEREIN, EITHER EXPRESSED OR IMPLIED.  
ADA CARBON SOLUTIONS ASSUMES NO LIABILITY WITH RESPECT TO THE USE OF INFORMATION 
CONTAINED HEREIN. 

LIMIT OF LIABILITY:  ADA Carbon Solutions shall not be liable for, and Buyer assumes responsibility for, personal 
injury and property damage resulting from the handling, possession, use, storage, or resale of the product, whether 
used or in combination. 

ADA Carbon Solutions, LLC 
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Appendix I: Supplemental Leachate Collection System 
Design Demonstrations 

• I.1:  Cell 3A Liner Construction Documentation Report – Piping and Permeability Calculation 

• I.2:  Cell 3B Liner Construction Documentation Report – Piping and Permeability Calculation 

• I.3:  Ineos’s Chemical Resistance Guide 
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I.1 
Cell 3A Liner Construction Documentation Report 

Piping and Permeability Calculation 
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Appendix Q 
Piping and Permeability Calculations 

 

 

 



          708 Heartland Trail, Suite 3000, Madison, WI 53717 • www.TRCsolutions.com      SHEET 1 OF 1

PROJECT / PROPOSAL NO.

FINAL           X

REVISION     

 

Input

Base  (Select Granular Fill pt. 697) Filter  (3/4"  River Rock SP1)

D15B 0.46 mm = 0.02 inches D15F 6.35 mm = 0.25 inches

D50B 0.85 mm = 0.03 inches D50F 9.90 mm = 0.39 inches

D85B 1.80 mm = 0.07 inches D85F 15.51 mm = 0.61 inches

Cu2,3 2.57 mm = 0.10 inches

Collection Pipe 

Pipe Hole Diameter 0.50 inches or n/a inch

Results

Head Loss (Permeability Criteria) Particle Migration (Piping Criteria)

Actual Required Results Results

D15F /D15B 13.9 > 4.0 OK D15F /D85B 3.5 < 5.0 OK

D50F/D50B 11.7 < 25.0 OK

Perforation Size Results (Piping Criteria) D15F /D15B 13.9 < 20.0 OK

Actual Required Results

D85F /HOLE  1.2 > 1.2 OK

or

D85F /SLOT  n/a > 1.4 n/a

Notes:

1.  To avoid segregation, filter material should contain no sizes larger than 3 inches.

2.  To avoid internal movement of fines, filter material should have no more than 5% passing No. 200 sieve (NAVFAC, 1986).

187576.0000.0000

PROJECT/LOCATION:  Dairyland Power Phase IV, Cell 3A Liner Construction

SUBJECT: Piping and Perm Calcs (SP1)

PREPARED BY:  K. Pawlisch

CHECKED BY:  T. Martin

DATE:  8/23/2012

DATE:  8/23/2012

Piping and Permeability Calculation

Base Material / Filter Material / Collection Pipe

RequiredActual

Slot Width

\\ntapb-madison\msn-vol6\-\WPMSN\PJT2\187576\0000\000006\Appendices\App Q - Piping and Permeability Calc\Sand-River Run (SP1,2)-
Pipe.xlsx



          708 Heartland Trail, Suite 3000, Madison, WI 53717 • www.TRCsolutions.com      SHEET 1 OF 1

PROJECT / PROPOSAL NO.

FINAL           X

REVISION     

 

Input

Base  (Select Granular Fill pt. 697) Filter  (3/4"  River Rock SP2)

D15B 0.46 mm = 0.02 inches D15F 6.71 mm = 0.26 inches

D50B 0.85 mm = 0.03 inches D50F 10.88 mm = 0.43 inches

D85B 1.80 mm = 0.07 inches D85F 16.03 mm = 0.63 inches

Cu2,3 2.57 mm = 0.10 inches

Collection Pipe 

Pipe Hole Diameter 0.50 inches or n/a inch

Results

Head Loss (Permeability Criteria) Particle Migration (Piping Criteria)

Actual Required Results Results

D15F /D15B 14.7 > 4.0 OK D15F /D85B 3.7 < 5.0 OK

D50F/D50B 12.8 < 25.0 OK

Perforation Size Results (Piping Criteria) D15F /D15B 14.7 < 20.0 OK

Actual Required Results

D85F /HOLE  1.3 > 1.2 OK

or

D85F /SLOT  n/a > 1.4 n/a

Notes:

1.  To avoid segregation, filter material should contain no sizes larger than 3 inches.

2.  To avoid internal movement of fines, filter material should have no more than 5% passing No. 200 sieve (NAVFAC, 1986).

PROJECT/LOCATION:  Dairyland Power Phase IV, Cell 3A Liner Construction

SUBJECT: Piping and Perm Calcs (SP2) 187576.0000.0000

PREPARED BY:  K. Pawlisch DATE:  8/23/2012

CHECKED BY:  T. Martin DATE:  8/23/2012

Piping and Permeability Calculation

Base Material / Filter Material / Collection Pipe

Slot Width

Actual Required

\\ntapb-madison\msn-vol6\-\WPMSN\PJT2\187576\0000\000006\Appendices\App Q - Piping and Permeability Calc\Sand-River Run (SP1,2)-
Pipe.xlsx
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Tested By: JPH Checked By: JPH

TRC Environmental Corp.

Madison, Wisconsin

08-23-12

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Poorly graded gravel
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187576.0000

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: Select Aggregate Fill
Sample Number: River Run SP-1 Date:

Client:

Project:

Project No: Figure
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Particle Size Distribution Report



Tested By: JPH Checked By: JPH

TRC Environmental Corp.

Madison, Wisconsin

08-23-12

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Poorly graded gravel
2.5
2.0
1.5
1.0
.75
.5

.375
.25
#4
#8

#10
#16
#20
#30
#40
#50
#80

#100
#200

100.0
100.0
100.0
100.0

97.2
62.6
40.1
12.0

3.0
1.7
1.6
1.5
1.5
1.4
1.3
1.3
1.2
1.1
1.0

17.0003 16.0276 12.3298
10.8803 8.3374 6.7126
6.0888 2.03 0.93

GP

DPC

DPC - PH4 Cell 3A
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Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: Select Aggregate Fill
Sample Number: River Run SP-2 Date:

Client:

Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?

SIZE FINER PERCENT (X=NO)

P
E

R
C

E
N

T
 F

IN
E

R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3"
Coarse

% Gravel

Fine Coarse Medium

% Sand

Fine Silt

% Fines

Clay

0.0 2.8 94.2 1.4 0.3 0.3 1.0

6
 i
n

.

3
 i
n

.

2
 i
n

.

1
½

 i
n

.

1
 i
n

.

¾
 i
n

.

½
 i
n

.

3
/8

 i
n

.

#
4

#
1

0

#
2

0

#
3

0

#
4

0

#
6

0

#
1

0
0

#
1

4
0

#
2

0
0

Particle Size Distribution Report



tkrause
Text Box



tkrause
Text Box



 
 
 

Dairyland Power Cooperative  Final    January 2023 
Plan Modification for Initial Permitting of CCR Landfills  
Alma Off-site Disposal Facility, Phase IV Landfill 
\\madison-vfp\Records\-\WPMSN\PJT2\469888\0001\R4698880001-002_CCR Plan Mod.docx 

I.2 
Cell 3B Liner Construction Documentation Report 

Piping and Permeability Calculation 

  





 

TRC Environmental Corporation | DPC – Alma Off‐Site Ash Disposal Facility 

Phase IV, Cell 3B Liner Construction Documentation Report   
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Appendix N 
Piping and Permeability Calculations 

 

 



708 Heartland Trail, Suite 3000, Madison, WI 53717 • www.TRCsolutions.com     

 

 

Piping and Permeability Calculation

 
 
Input

Base, Soil Being Retained (Graded Filter) Filter (Pipe Bedding)

D15B 2.89 mm = 0.11 inches D15F 6.96 mm = 0.27 inches
D50B 3.90 mm = 0.15 inches D50F 11.32 mm = 0.45 inches
D85B 5.22 mm = 0.21 inches D85F 17.04 mm = 0.67 inches
Cu2,3 1.55 mm = 0.06

Collection Pipe 

Pipe Hole Diameter N/A inches or N/A inch

Results

Permeability Results Piping Results

Actual Required Results Results

D15F /D15B 2.4 > N/A N/A D15F /D85B 1.3 < 5.0 OK
D50F/D50B 2.9 < 25.0 OK

Perforation Size Results D15F /D15B 2.4 < 20.0 OK

Actual Required Results
D85F /HOLE N/A > 1.2 N/A

or

D85F /SLOT N/A > 1.4 N/A

Notes:
1.  To avoid segregation, filter material should contain no sizes larger than 3 inches.

2.  To avoid internal movement of fines, filter material should have no more than 5% passing No. 200 sieve.  (NAVFAC, 1986)  

3.  For a uniform base (Cu<1.5), D15F/D85B may be increased to 6 (piping equation only). 
4.  For a broadly graded base material (Cu>4), D15F/D15B may be increased to 40 (piping equation only).  

CHECKED BY: R. Wienkes DATE: 10/19/2015 REVISION       �

Base Material / Filter Material / Collection Pipe

Slot Width

Actual Required

PROJECT/PROPOSAL NAME/LOCATION:  DPC Phase IV Cell 3B Liner Construction PROJECT / PROPOSAL NO.

SUBJECT: Piping and Permeability Calculation 216851.0004
PREPARED BY:  T. Halena DATE: 6/22/2015 FINAL             X 

\\ntapb-madison\msn-vol6\-\WPMSN\PJT2\216851\0004\000005\Appendix N - Piping and Permeability Calculations\PipingPermeabilitySand_GradedFill_07062015(1).xls   10/23/2015



708 Heartland Trail, Suite 3000, Madison, WI 53717 • www.TRCsolutions.com     

 

 

Piping and Permeability Calculation

 
 
Input

Base, Soil Being Retained (Select Granular Fill) Filter (Select Graded Fill)

D15B 0.29 mm = 0.01 inches D15F 3.09 mm = 0.12 inches
D50B 0.50 mm = 0.02 inches D50F 4.30 mm = 0.17 inches
D85B 1.02 mm = 0.04 inches D85F 5.65 mm = 0.22 inches
Cu2,3 2.32 mm = 0.09

Collection Pipe 

Pipe Hole Diameter N/A inches or N/A inch

Results

Permeability Results Piping Results

Actual Required Results Results

D15F /D15B 10.7 > N/A N/A D15F /D85B 3.0 < 5.0 OK
D50F/D50B 8.6 < 25.0 OK

Perforation Size Results D15F /D15B 10.7 < 20.0 OK

Actual Required Results
D85F /HOLE N/A > 1.2 N/A

or

D85F /SLOT N/A > 1.4 N/A

Notes:
1.  To avoid segregation, filter material should contain no sizes larger than 3 inches.

2.  To avoid internal movement of fines, filter material should have no more than 5% passing No. 200 sieve.  (NAVFAC, 1986)  

3.  For a uniform base (Cu<1.5), D15F/D85B may be increased to 6 (piping equation only). 
4.  For a broadly graded base material (Cu>4), D15F/D15B may be increased to 40 (piping equation only).  

PROJECT / PROPOSAL NO.PROJECT/PROPOSAL NAME/LOCATION:  DPC Phase IV Cell 3B Liner Construction

SUBJECT: Piping and Permeability Calculation

DATE: 6/22/2015

DATE: 10/19/2015

PREPARED BY:  T. Halena

CHECKED BY: R. Wienkes

RequiredActual

Base Material / Filter Material / Collection Pipe

Slot Width

216851.0004
FINAL             X 

REVISION       �

\\ntapb-madison\msn-vol6\-\WPMSN\PJT2\216851\0004\000005\Appendix N - Piping and Permeability Calculations\PipingPermeabilitySand_GradedFill_07062015(1).xls   10/23/2015



708 Heartland Trail, Suite 3000, Madison, WI 53717 • www.TRCsolutions.com     

 

 

Piping and Permeability Calculation

 
 
Input

Base, Material Being Retained (Fly Ash) Filter (Select Granular Fill)

D15B 0.02 mm = 0.00 inches D15F 0.29 mm = 0.01 inches
D50B 0.03 mm = 0.00 inches D50F 0.56 mm = 0.02 inches
D85B 0.05 mm = 0.00 inches D85F 3.36 mm = 0.13 inches
Cu2,3 1.33 mm = 0.05

Collection Pipe 

Pipe Hole Diameter N/A inches or N/A inch

Results

Permeability Results Piping Results

Actual Required Results Results

D15F /D15B 14.5 > N/A N/A D15F /D85B 5.8 < 6.0 OK
D50F/D50B 18.7 < 25.0 OK

Perforation Size Results D15F /D15B 14.5 < 20.0 OK

Actual Required Results
D85F /HOLE N/A > 1.2 N/A

or

D85F /SLOT N/A > 1.4 N/A

Notes:
1.  To avoid segregation, filter material should contain no sizes larger than 3 inches.

2.  To avoid internal movement of fines, filter material should have no more than 5% passing No. 200 sieve.  (NAVFAC, 1986)  

3.  For a uniform base (Cu<1.5), D15F/D85B may be increased to 6 (piping equation only). 
4.  For a broadly graded base material (Cu>4), D15F/D15B may be increased to 40 (piping equation only).  

CHECKED BY: R. Wienkes DATE: 10/19/2015 REVISION       �

Base Material / Filter Material / Collection Pipe

Slot Width

Actual Required

PROJECT/PROPOSAL NAME/LOCATION:  DPC Phase IV Cell 3B Liner Construction PROJECT / PROPOSAL NO.

SUBJECT: Piping and Permeability Calculation 216851.0004
PREPARED BY:  T. Halena DATE: 6/22/2015 FINAL             X 

\\ntapb-madison\msn-vol6\-\WPMSN\PJT2\216851\0004\000005\Appendix N - Piping and Permeability Calculations\PipingPermeabilitySand_GradedFill_07062015(1).xls   10/23/2015



708 Heartland Trail, Suite 3000, Madison, WI 53717 • www.TRCsolutions.com     

 

 

Piping and Permeability Calculation

 
 
Input

Base, Material Being Retained (Bottom Ash) Filter (Select Granular Fill)

D15B 0.09 mm = 0.0035 inches D15F 0.29 mm = 0.01 inches
D50B 0.25 mm = 0.0098 inches D50F 0.56 mm = 0.02 inches
D85B 3.00 mm = 0.1181 inches D85F 3.36 mm = 0.13 inches
Cu2,3 mm = 0.0000

Collection Pipe 

Pipe Hole Diameter N/A inches or N/A inch

Results

Permeability Results Piping Results

Actual Required Results Results

D15F /D15B 3.2 > N/A N/A D15F /D85B 0.1 < 6.0 OK
D50F/D50B 2.2 < 25.0 OK

Perforation Size Results D15F /D15B 3.2 < 20.0 OK

Actual Required Results
D85F /HOLE N/A > 1.2 N/A

or

D85F /SLOT N/A > 1.4 N/A

Notes:
1.  To avoid segregation, filter material should contain no sizes larger than 3 inches.

2.  To avoid internal movement of fines, filter material should have no more than 5% passing No. 200 sieve.  (NAVFAC, 1986)  

3.  For a uniform base (Cu<1.5), D15F/D85B may be increased to 6 (piping equation only). 
4.  For a broadly graded base material (Cu>4), D15F/D15B may be increased to 40 (piping equation only).  

CHECKED BY: R. Wienkes DATE: 10/19/2015 REVISION       �

Base Material / Filter Material / Collection Pipe

Slot Width

Actual Required

PROJECT/PROPOSAL NAME/LOCATION:  DPC Phase IV Cell 3B Liner Construction PROJECT / PROPOSAL NO.

SUBJECT: Piping and Permeability Calculation 216851.0004
PREPARED BY:  T. Halena DATE: 6/22/2015 FINAL             X 

\\ntapb-madison\msn-vol6\-\WPMSN\PJT2\216851\0004\000005\Appendix N - Piping and Permeability Calculations\PipingPermeabilitySand_GradedFill_07062015(1).xls   10/23/2015



Tested By: MBW Checked By: MBW

TRC Environmental Corp.

Madison, Wisconsin

08-20-15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Poorly graded gravel

1.0
.75
.5

.375
.25
#4
#8

#10
#16
#20
#30
#40
#50
#80
#100
#200

100.0
93.2
57.8
39.4

9.7
3.8
1.7
1.5
1.3
1.2
1.1
1.0
0.9
0.7
0.7
0.5

18.1422 17.0358 13.0457
11.3188 8.4236 6.9563
6.3957 2.04 0.85

GP

DPC

DPC - Phase IV, Cell 3B

216851.0004

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: Select Aggregate Fill
Sample Number: Pt. 793 Date:

Client:

Project:

Project No: Figure
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Tested By: MBW Checked By: MBW

TRC Environmental Corp.

Madison, Wisconsin

08-20-15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Poorly graded sand with gravel
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Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: Select Graded Fill
Sample Number: Pt. 782 Date:

Client:

Project:

Project No: Figure
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Tested By: MBW Checked By: MBW

TRC Environmental Corp.

Madison, Wisconsin

07-02-15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Poorly graded sand with gravel
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216851.0004

Material Description

Atterberg Limits

Coefficients

Classification

Remarks

Source of Sample: Select Graded Fill
Sample Number: Sample #1 Date:

Client:

Project:

Project No: Figure
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Tested By: JPH Checked By: JPH

TRC Environmental Corp.

Madison, Wisconsin

07-29-15

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Poorly graded sand
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HDPE Chemical Resistance Guide 

  

 

Reagent 

70º F 

(21º C) 

140º F 

(60º C) 
  

Reagent 

70º F 

(21º C) 

140º F 

(60º C) 

       

A   B   
Acetaldehyde S O Barium carbonate saturated S S 

Acetic acid (1-10%) S S Barium carbonate saturated S S 

Acetic acid (10-60%) S O Barium hydroxide S S 

Acetic acid (80-100%) S O Barium sulfate saturated S S 

Acetic anhydride S S Barium sulfite saturated S S 

Acetone S S Beer S S 

Acids (aromatic) S S Benzaldehyde S O 

Acrylic emulsions S S Benzene O U 

Adipic acid S S Benzene sulfonic acid S S 

Aluminum chloride concentrated S S Benzoic acid crystals S S 

Aluminum chloride dilute S S Benzoic acid saturated S S 

Aluminum fluoride concentrated S S Bismuth carbonate saturated S S 

Aluminum sulfate concentrated S S Black liquor S S 

Alums (all types) concentrated S S Bleach lye (10%) S S 

Amino acetic acid S S Borax cold saturated S S 

Ammonia (100% dry gas) S S Boric acid concentrated S S 

Ammonium acetate S S Boric acid dilute S S 

Ammonium bromide S S Brine S S 

Ammonium carbonate S S Bromic acid (10%) S S 

Ammonium chloride saturated S S Bromine liquid (100%) O U 

Ammonium fluoride (20%) S S Bromochloromethane U U 

Ammonium hydroxide S S Butadiene U U 

Ammonium metaphosphate (sat.)  S S Butanediol (10%) S S 

Ammonium nitrate saturated S S Butanediol (60%) S S 

Ammonium persulfate saturated S S Butanediol (100%) S S 

Ammonium phosphate S S Butter S S 

Ammonium sulfate saturated S S Butyl acetate (100%) O U 

Ammonium sulfide saturated S S Butyl alcohol (100%) S S 

Ammonium thiocyanate saturated S S Butylene glycol S S 

Amyl acetate (100%) O U Butyric acid (100%) S S 

Amyl alcohol (100%) S S  

Amyl Chloride (100%) O U C   

Aniline (100%) S U Caffeine citrate saturated S S 

Anise seed oil O U Calcium bisulfide S S 

Antimony chloride S S Calcium bromide S S 

Aqua Regia O U Calcium carbonate saturated S S 

Aromatic hydrocarbons U U Calcium Chlorate saturated S S 

Arsenic S S Calcium hydroxide S S 

Aspirin S S Calcium hypochlorite bleach 

solution 

S S 

   Calcium nitrate (50%) S S 

 

 

 

 

 

  

 

Calcium sulfate 

 

 

 

 

 

 

S S 
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Reagent 

70º F 

(21º C) 

140º F 

(60º C) 
  

Reagent 

70º F 

(21º C) 

140º F 

(60º C) 

       
Camphor crystals S S Dextrose saturated S S 

Camphor oil U U Dibutyl ether O U 

Carbon dioxide (100% dry) S S Dichlorobenzene (ortho and para) U U 

Carbon dioxide (100% wet) S S Diethylene glycol S S 

Carbon dioxide cold saturated S S Dioxane S S 

Carbon disulphide O U Disodium phosphate S S 

Carbon monoxide S S  

Carbon tetrachloride U U E   

Carbonic acid S S Emulsions (photographic) S S 

Carnauba wax S S Ether O O 

Carrot juice S S Ethyl acetate (100%) O O 

Castor oil concentrated S S Ethyl alcohol (35%) S S 

Catsup S S Ethyl alcohol (100%) S S 

Caustic soda S O Ethylbenzene O U 

Cedar leaf oil U U Ethylene glycol S S 

Cedar wood oil U U  

Chlorine liquid O U F   

Chlorobenzene O U Ferric chloride saturated S S 

Chloroform U U Ferric nitrate saturated S S 

Chlorosulfonic acid (100%) U U Ferrous ammonium citrate S S 

Chrome alum saturated S S Ferrous chloride saturated S S 

Chromic acid (10-20%) S O Ferrous sulfate S S 

Chromic acid (50%) S O Fluoboric acid S S 

Cider S S Fluorine S U 

Cinnamon S S Fluosilicic acid (32%) S S 

Cinnamon oil U U Fluosilicic acid concentrated S S 

Citric acid saturated S S Formaldehyde (10-30%) S S 

Citronella oil O U Formaldehyde (30-40%) S O 

Cloves (ground) S S Formic acid (20%) S S 

Coconut oil alcohols S S Formic acid (50%) S S 

Cod liver oil S S Formic acid (100%) S S 

Coffee S S Fructose saturated S S 

Copper chloride saturated S S Fuel oil S U 

Cooper cyanide saturated S S Furfural (100%) O U 

Copper fluoride (2%) S S Furfuryl alcohol S O 

Copper nitrate saturated S S  

Copper sulfate dilute S S G   

Copper sulfate saturated S S Gallic acid saturated S S 

Corn oil S S Gasoline S U 

Cottonseed oil S S Glucose S S 

Cranberry sauce S S Glycerine S S 

Cresols S O Glycol S S 

Cuprous chloride saturated S S Glycolic acid (30%) S S 

Cuprous oxide S S Grape juice S S 

Cyclohexane U U 

 

Grapefruit juice S S 

Cyclohexanone U U 

    H   

D   Heptane O U 

Decalin S S Hexachlorobenzene S S 

Detergents (synthetic) S S Hexane U U 

Developers (photogenic) S S 

 

Hydrobromic acid (50%) S S 

Dextrin saturated S S     
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Reagent 

70º F 

(21º C) 

140º F 

(60º C) 
  

Reagent 

70º F 

(21º C) 

140º F 

(60º C) 

      
Hydrochloric acid (10%) S S Methylene chloride (100%) U U 

Hydrochloric acid (30%) S S Methylsulfuric acid S S 

Hydrochloric acid (35%) S S Milk S S 

Hydrocyanic acid S S Mineral oils S U 

Hydrocyanic acid saturated S S Molasses S S 

Hydrofluoric acid (40%) S S Mustard (prepared) S S 

Hydrofluoric acid (60%) S S    

Hydrofluoric acid (75%) S S N   

Hydrogen (100%) S S Naphtha O U 

Hydrogen bromide (10%) S S Naphthalene S U 

Hydrogen chloride dry gas S S Natural gas (wet) S S 

Hydrogen peroxide (30%) S O Nickel chloride saturated S S 

Hydrogen sulfide S S Nickel nitrate concentrated S S 

Hydroquinone S S 

 

Nickel sulfate S S 

Hypochlorous acid concentrated S S  Nicotinic acid S S 

   Nitric acid (0-30%) S S 

I   Nitric acid (30-50%) S O 

Inks S S Nitric acid (70%) S O 

Iodine crystals O O Nitric acid (95-98%) U U 

Isobutyl alcohol S S Nitrobenzene (100%) U U 

Isopropyl alcohol S S 

 

Nitroglycerine O U 

Isopropyl ether O U   

   O   

K   

 
Octane S S 

Kerosene O O  Oleum concentrated U U 

   Olive oil S S 

L   Orange juice S S 

Lactic acid (10%) S S Oxalic acid dilute S S 

Lactic acid (90%) S S Oxalic acid saturated S S 

Lanolin S S Ozone O O 

Lard S S    

Lead acetate saturated S S P   

Lead nitrate S S Palm  oil S S 

Lemon juice S S Paraffin oil S O 

Lemon oil O U Peanut butter S S 

Lime juice S S 

 

Pepper (fresh ground) S S 

Linseed oil S S  Peppermint oil O U 

   Perchloric acid (50%) S O 

M   Perchloroethylene U U 

Magnesium carbonate saturated S S Petroleum ether U U 

Magnesium chloride saturated S S Petroleum jelly S S 

Magnesium hydroxide saturated S S Phenol S S 

Magnesium nitrate saturated S S Phosphoric acid (0-30%) S S 

Magnesium sulfate saturated S S Phosphoric acid (30-90%) S S 

Margarine S S Phosphoric acid (over 90%) S S 

Mercuric chloride S S Photographic solutions S S 

Mercuric cyanide saturated S S Phthalic anhydride S S 

Mercurous nitrate saturated S S Pickling baths  S S 

Mercury S S           Hydrochloric acid S S 

Methyl alcohol (100%) S S 

 

          Sulfuric acid S S 

Methyl ethyl ketone (100%) U U            Sulfuric-nitric S U 
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Reagent 

70º F 

(21º C) 

140º F 

(60º C) 
  

Reagent 

70º F 

(21º C) 

140º F 

(60º C) 

      
Pine oil O U Sodium benzoate (35%) S S 

Plating solutions   Sodium bicarbonate saturated S S 

          Brass S S Sodium bisulfate saturated S S 

          Cadmium S S Sodium bisulfite saturated S S 

          Chromium S S Sodium borate S S 

          Copper S S Sodium carbonate concentrated S S 

          Gold S S Sodium chlorate saturated S S 

          Indium S S Sodium chloride saturated S S 

          Lead S S Sodium cyanide S S 

          Nickel S S Sodium dichromate saturated S S 

          Rhodium S S Sodium ferricyanide  S S 

          Silver S S Sodium ferricyanide concentrated S S 

          Tin S S Sodium fluoride saturated S S 

          Zinc S S 

 

Sodium hydroxide concentrated S S 

Potassium bicarbonate saturated S S  Sodium hypochlorite S S 

Potassium borate (1%) S S Sodium nitrate S S 

Potassium bromate (10%) S S Sodium nitrite S S 

Potassium bromide saturated S S Sodium perborate S S 

Potassium carbonate S S Sodium phosphate S S 

Potassium chlorate saturated S S Sodium sulfide (25% to saturated) S S 

Potassium chloride saturated S S Sodium sulfite saturated S S 

Potassium chromate (40%) S S Sodium thiosulphate S S 

Potassium cyanide saturated S S Soybean oil S S 

Potassium dichromate (40%) S S Stannic chloride saturated S S 

Potassium ferri / ferro cyanide S S Stannous chloride saturated S S 

Potassium nitrate saturated S S Starch solution saturated S S 

Potassium perborate saturated S S Stearic acid (100%) S S 

Potassium perchlorate (10%) S S Styrene U U 

Potassium permanganate (20%) S S Sulfuric acid (0-50%) S S 

Potassium persulfate saturated S S Sulfuric acid (70%) S O 

Potassium sulfate concentrated S S Sulfuric acid (80%) S U 

Potassium sulfide concentrated S S Sulfuric acid (96%) O U 

Potassium sulfite concentrated S S Sulfuric acid (98% concentrated) O U 

Propane gas S S Sulfuric acid (fuming) U U 

Propargyl alcohol S S Sulfurous acid S S 

Propyl alcohol S S T   

Propylene glycol S S 

 

Tannic acid (10%) S S 

Pyridine S O  Tartaric acid S S 

   Tea S S 

R   Tetrahydrofuran O O 

Rayon coagulating bath S S 

 

Toluene U U 

Resorcinol S S  Tomato juice S S 

   Transformer oil S O 

S   Trichloroethylene U U 

Salicylic acid S S Trisodium phosphate saturated S S 

Seawater S S Turpentine O U 

Shortening S S    

Silicic acid S S U   

Silver nitrate solution S S Urea S S 

Soap solution concentrated S S 

 

Urine S S 

Sodium acetate saturated S S     
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Reagent 

70º F 

(21º C) 
140º F 

(60º C) 

   

V   
Vanilla extract S S 

Vaseline S S 

Vinegar (commercial) S S 

 

W   

Wetting agents S S 

Whiskey S S 

Wines S S 

 

X   

Xylene U U 

 

Y   

Yeast S S 

 

Z   

Zinc chloride saturated S S 

Zinc oxide S S 

Zinc sulfate saturated S S 

 

 

 
  

 

 

 

 

Product inquiries: 

 

Marina View Headquarters 
2600 South Shore Blvd. 

Suite 500 

League City, Teas 77573 

Telephone: 281-535-6600 

Fax: 281-535-6764 

Customer Service: 800-527-5419 

 
Battleground Manufacturing 
Complex 
1230 Independence Parkway South 

La Porte, Texas 77571 

Telephone: 713-307-3000 

Fax: 713-307-3521 

Technical Center: 800-338-0489 

 

www.ineos-op.com 

 

http://ordersonline.ineos-op.com   

 

 

Technical information contained herein is furnished without charge or obligation and is given and accepted at recipient’s sole risk. As conditions of use may vary and 

are beyond the control of INEOS Olefins & Polymers USA, no representations or warranty, express or implied, are made with respect to the accuracy, reliability, or 

completeness of the this information. This information in no way modifies, amends, enlarges, or creates any specification or warranty, and ALL WARRANTIES, 

EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION THE WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, ARE 

HEREBY EXCLUDED. INEOS Olefins & Polymers USA shall not be responsible for any damage or injury resulting from abnormal use, from any failure to follow 

appropriate practices, or from hazards inherent in the nature of the product and/or material, nor for toxicological effects or Industrial Hygiene associated with 

particular use of any product described herein. This information relates only to the specific product and/or material designated and may not be valid for such product 

and/or material used in combination with any other product and/or material or in any process, unless otherwise specified. This information shall not be construed as a 

recommendation for any use that may infringe any patent, trademark, or the like, or as an endorsement of any material, equipment, service, or other item not supplied 

by INEOS Olefins & Polymers USA.   

 

The name and logo INEOS are trademarks of the INEOS Group and its affiliated companies and businesses. 

 
©

 INEOS Olefins & Polymers USA February, 2012 

 

        

Note:  The proceeding information concerns general chemical resistance only.  Since other factors 
such as permeation, ESCR and container design are involved, full compatibility testing is 
recommended. 
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Appendix J: Supplemental Final Cover Design Demonstrations 

• J.1:  2004 Final Cover Plan of Operation Modification 

• J.2:  Saturated Head on the Final Cover Liner 

• J.3:  Final Cover Event 2A Interface Stability Evaluation 
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J.1 
2004 Final Cover Plan of Operation Modification 
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Section 1
Introduction 

1.1 Background 
Dairyland Power Cooperative (DPC) owns and operates a coal ash disposal facility (Alma off-
site disposal facility) located in the Town of Belvedere, Buffalo County, Wisconsin.  Phase I of 
the facility was closed in 1993, Phase II was closed in 1997, and Phase III is expected to be closed 
in 2004 (License # 2927).  A conditional Plan of Operation approval for the Phase IV disposal 
area (License #4126) was granted on May 15, 2001 (see Appendix A), by the Wisconsin 
Department of Natural Resources (WDNR).  DPC is currently filling Cell 1 of the Phase IV 
disposal area.   

In the Feasibility Report for the Phase IV Ash Disposal Facility, two final cover options were 
presented for the WDNR’s consideration.  A “standard” NR 504.07 cover design for a high 
volume industrial waste landfill, and an alternative final cover system design in accordance 
with NR 504.10(3).  The alternative cover system consisted of a 6-inch–thick soil grading layer 
over the waste followed by a GCL, a 40-mil geomembrane, a 1-foot–thick sand drainage layer, a 
1-foot–thick general soil cover layer, and a 6-inch–thick topsoil layer.  The WDNR conditionally 
approved the alternative cover design in the September 10, 1999, Feasibility Determination, 
provided that the WDNR’s “Guidance for the Use of Geosynthetic Clay Liners (GCLs) at Solid 
Waste Facilities” and manufacturers recommendations are followed. 

DPC and RMT proceeded in preparing the Plan of Operation in late 1999 utilizing the 
alternative final cover design presented in the Feasibility Report.  The Plan of Operation was 
submitted in October 2000, with the alternative cover design conditionally approved in the 
Feasibility Determination, with the understanding that the final lift of ash and the grading layer 
met the intent of the GCL subbase requirements, and with the assumption that concurrence 
with the WDNR on the final cover design had previously been obtained during the preparation 
of the Feasibility Study.   

In the conditional Plan of Operation approval, the WDNR revised and approved a different 
final cover than was proposed in both the Feasibility Report and the Plan of Operation.  The 
approved final cover design consisted of a minimum 3 feet of drain layer, rooting zone soil, and 
topsoil above the geomembrane, and a minimum of 2 feet of barrier layer between the ash and 
the GCL.  The result of this revised final cover design was that the final cover thickness was 
increased from 3 feet to 5 feet. 
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The approved final cover design presents several design and construction challenges for this 
site.  First, the quantity of suitable low-permeability soil in the vicinity of the site is limited 
(refer to Appendix C of Plan of Operation).  Second, the increased final cover thickness (3 feet to 
5 feet) will require significant design modifications to tie the cover into the sidewall berm and to 
maintain the site’s design capacity, which is critical to DPC.  This Plan of Operation 
Modification is being submitted to modify the approved final cover design to provide an 
effective final cover that addresses these design and construction challenges. 

1.2 Purpose and Scope
DPC is proposing to modify the Plan of Operation for Phase IV of the Alma off-site disposal 
facility to include a final cover system design in accordance with NR 504.10(3) that utilizes 
beneficially reused fly ash as the low-permeability barrier layer in a composite final cover 
system.  The characteristics of the fly ash, as well as several special design and construction 
features for the Phase IV disposal facility, are presented in support of this proposed 
modification.  

This text and its accompanying appendices present modifications to the Plan of Operation 
necessary for the remaining construction, operation, and closure of the facility.   

This document is divided into three major sections—Proposed Engineering Modifications (as 
influenced by the proposed final cover), Site Operations (a description of the select ash 
placement  procedures), and Site Closure (final cover placement and revised cost estimates for 
financial responsibility).  Design calculations, correspondence, plan sheets, and other pertinent 
data to document the design and operational procedures for this facility are included in the 
appendices.   
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Section 2
Proposed Engineering Modifications

2.1 General 
This plan modification for the DPC Phase IV Ash Disposal Facility been prepared in accordance 
with applicable sections of the Wisconsin Administrative Code s. NR 500 Series, State Statute 
s. 289 and all prior WDNR plan modification approval documents and accompanying 
conditions as appropriate.  Supporting test data and/or calculations for the design modifications 
are referenced as appropriate, and are included in the appendices.  Details and drawings 
illustrating design specifications are referenced as applicable and are presented on the attached 
drawings. 

The modifications proposed include the beneficial reuse of select fly ash in a composite final 
cover system.  In addition, several special design and construction features for Phase IV are 
presented that support the approval of the proposed design.  The proposed design will reduce 
the facility’s dependency on on-site or off-site borrow soil and its accompanying costs and 
degree of environmental impact.  The following discussion presents the proposed final cover 
design.   

2.2 Final Cover Design 
This Plan Modification proposes an alternative cover system in accordance with NR 504.10 (3), 
consisting of the following components (from bottom to top): 

Two feet of moisture-conditioned and compacted “select” fly ash (i.e., a mixture containing 
a minimum of 40 percent of the more reactive J.P. Madgett [JPM] fly ash) 

A 40-mil geomembrane with enhanced construction quality assurance

A 1-foot–thick sand drainage layer 

A 1.5-foot–thick general soil cover layer 

A 6-inch–thick topsoil layer 

This design provides the desired 3-foot thickness of soil over the geomembrane, as required in 
the Plan of Operation conditional approval.  The moisture-conditioned and compacted ash layer 
will be constructed as waste filling progresses within each cell as further described in Section 3.  
The anticipated properties of the ash layer, once it has cured, are based on extensive previous 
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studies conducted by DPC as described in Subsection 2.3.  The specifications and 
documentation proposed for the ash layer are described in Subsection 4.2. 

The final grades at the site and the design capacity remain consistent with the WDNR 2001 Plan 
of Operation approval.  The 2 feet of fly ash to be used in the final cover are included in the 
3,011,000 cubic yards of approved design capacity for the site.  DPC will not gain additional 
disposal capacity as a result of this modification. 

The proposed alternative final cover design adequately protects public health, welfare, and the 
environment and meets or exceeds the performance standards of NR 504.04, as demonstrated in 
the following sections.  In addition, the site provides several special design and construction 
features that support the approval of the proposed design.  These include the following: 

The landfill design includes composite liner and final cover systems that provide upgraded 
performance as compared to the “standard” NR 504 liner and final systems required for a 
high-volume industrial waste landfill. 

The integrity of the geomembrane component of the composite liner and composite final 
cover will be verified using electrical resistivity testing during each phase of construction.  
As demonstrated during Cell 1 construction, this additional construction quality assurance 
step was extremely effective in identifying and allowing the repair of liner defects that 
would have otherwise gone undetected, had “standard” NR 516 construction 
documentation procedures been followed.  The resulting integrity and environmental 
protection provided by the composite liner and cover systems are considered to be 
extremely high. 

On-site sand borrow areas will be used to obtain material for construction of the final cover 
drainage layer.  Laboratory testing performed on this material indicates that the sand is 
over five times more permeable than the minimum acceptable hydraulic conductivity of 
1 x 10-3 cm/s required for final cover drainage layers.  The use of this material will enhance 
the performance of the final cover system. 

Collection pipes are incorporated in the final cover drainage layer at each of the surface 
water diversion berms as shown on Detail 2 on Plan Sheet 19 of the Plan of Operation.  This 
provides improved water removal efficiency from the cover as compared to “typical” 
landfill designs in Wisconsin. 

DPC ash has been extensively employed in various beneficial use applications.  Annual 
testing of the ash has been conducted on the various ash sources in accordance with the 
requirements of NR 538 (see Appendix B).  The fly ash proposed for use in the final cover is 
classified as a Category 4 ash, and meets all of the Category 3 standards, with the exception 
of chromium.  The fly ash is suitable for use in confined geotechnical fills and in landfill 
uses as defined in NR 538.  
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The ash disposed in the landfill is placed in a low-moisture state (refer to DPC’s Fly Ash 
Characterization Studies contained in Appendix C) and has been shown to have a very 
high affinity for water, making the overall water balance efficiency of the site very high. 

2.3 DPC Ash Studies and Performance Data 
Fly ash contains primarily oxides of silicon, aluminum iron, and calcium.  Magnesium, 
potassium, sodium, titanium, and sulfur are also present to a lesser degree (ACAA, 2003).   The 
types of coal burned affect the properties of the fly ash.  High-calcium fly ash, or Class C fly ash, 
typically contains more than 20 percent calcium oxide (CaO) or free lime.  High-calcium fly ash, 
when mixed with water, undergoes a hydration reaction that solidifies the ash into a concrete-
like mass.  Class C fly ash is generally derived from sub-bituminous or western coal.  DPC’s 
Madget Station burns a Powder River Basin coal, which is a western coal with a high–calcium 
oxide content.  Low-calcium fly ash, or Class F ash, typically contain less than 10 percent CaO.  
Class F ash is generally derived from bituminous and anthracite coals or eastern coals.  DPC’s 
Alma Units 1-5 and Genoa Stations burn a mixture of eastern (Illinois) and western (Powder 
River Basin) coals.  The proposed final cover barrier layer will consist of 2 feet of moisture-
conditioned and compacted fly ash containing at least 40 percent of the more reactive JPM fly 
ash.    

The properties of the JPM fly ash are well suited for use as a barrier layer as demonstrated in 
DPC’s previous landfill phases and in previous ash characterization studies.  DPC has invested 
significant resources into the study of the ash for purposes of controlled landfill placement.  The 
following Subsections provide additional information on the findings of these studies.  

2.3.1 Fly Ash Characterization Reports 
DPC retained Warzyn Engineering, Inc., to complete a series of studies designed to 
investigate the physical and chemical properties of fly ashes generated from the Alma 
Generating Station, Units 1 through 5, and the Madgett Generating Station, Unit 6 
(Warzyn, 1979, 1980a, 1980b, 1980c, 1980d, and 1980e).  These studies investigated the 
properties of DPC’s fly ash as they relate to disposal, site operations, and licensing.  
Information on the ash’s chemical composition, compaction properties, setting 
properties, specific gravity, permeability, strength, grain size, erosion resistance, and 
dusting was presented in the reports summarizing these studies. 

In the report titled “Supplemental Fly Ash Characterization Report, Fly Ash 
Conditioning with Low Moisture Content,  Alma Madgett Generating Station Units 1–6” 
(Warzyn 1980e), information was presented on the conclusions of the general fly ash 
conditioning program.  This program looked at the physical characteristics of various 
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mixtures of JPM ash and Alma Units 1-5 ash in the low-moisture condition (i.e., 
5 percent to 15 percent added moisture).  A copy of this report, along with the initial fly 
ash characterization report, is included in Appendix C. 

The ash tested in these studies included ash from DPC’s Alma and JPM generating 
stations, as well as ash from similar facilities.  The ash used in these studies is similar in 
composition and physical properties to the ash currently generated by DPC.  In fact, the 
Alma Units 1-5 are currently burning a coal mixture that consists of a greater percentage 
of Powder River Basin coal, which will result in an even more reactive ash.  Based on 
these studies, it was found that a mixture containing at least 40 percent JPM ash resulted 
in a compacted hydraulic conductivity ranging from 8 x 10-7 cm/s to 1 x 10-9 cm/s.  The 
testing, using ash comparable to the JPM ash, had similar results.  A summary of these 
results is included in Table 1.   

On the basis of these studies, DPC has used ash mixtures containing at least 40 percent 
JPM ash as an initial waste lift and in constructing low-permeability ash and ash-slurry 
containment berms within Phases I through III of their landfill (DPC, 1993).  The ash 
mixtures containing the JPM ash have been found to be extremely dense, durable, and to 
have a low permeability once compacted and cured.  This field experience has 
supported the findings of the previous ash studies.   
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Table 1
Fly Ash Hydraulic Conductivity Test Results

DPC Off-Site Disposal Facility

MIX RATIO(1)

HYDRAULIC CONDUCTIVITY (CM/S) 

ASH SOURCE(2)

MOISTURE 
CONTENT 

5%
MOISTURE 

CONTENT 10%
MOISTURE CONTENT 

15%

10/90 1x10-5 3x10-6 to 4x10-6 5x10-6 to 7x10-6 Neal #4 

10/90 5x10-6 4x10-6 to 5x10-6 -- JPM #1

20/80 1x10-5 6x10-7 to 9x10-7 3x10-6 to 4x10-6 Neal #4 

40/60 5x10-7 7x10-7 to 8x10-7 4x10-7 JPM #1 

40/60 5x10-7 to 7 x10-7 1x10-7 to 2x10-7 2x10-7 to 3x10-7 Neal #4 

60/40 1x10-6 to 4x10-7 1x10-7 to 8x10-8 1x10-7 Neal #4 

80/20 1x10-7 2x10-7 to 5x10-8 1x10-7 to 5x10-8 Neal #4 

100/0 2x10-9 1x10-9 2x10-9 JPM #1 

100/0 2x10-7 5x10-8 to 8x10-8 5x10-8 to 6x10-8 Neal #4 

Notes: 
Samples cured 7 days prior to testing. 
Test results from Warzyn Engineering, Inc., report (Warzyn, 1980e). 

Footnotes: 
(1) Mix Ratio represents percentage of reactive fly ash/Alma fly ash. 
(2) JPM #1 is fly ash obtained from the DPC JPM ash source.  Neal #4 is a similar fly ash to the JPM ash obtained from the Neal Unit #4 Iowa 
 Public Service facility. 



RMT, Inc. | Dairyland Power Cooperative 8 
I:\WPMSN\PJT\00-03081\58\R000308158-001.DOC 1/21/04  Final   January 2004 

2.3.2 Final Cover Performance Evaluation
The proposed final composite cover will provide significantly better performance, in 
terms of controlling infiltration, than a standard NR 504 high-volume industrial waste 
landfill final cover.  The proposed cover will also perform equivalently to the composite 
cover approved in the Plan of Operation.  To demonstrate this, HELP Model calculations 
have been performed comparing the proposed final cover with the approved final cover 
and a standard NR 504 final cover (Appendix D).  For the proposed final cover, the 
conditioned and compacted fly ash was assumed to have a hydraulic conductivity of 1.0 
x 10-6 cm/s, which can be achieved with a minimum of 40 percent JPM ash, as has been 
demonstrated through previous studies.  On the basis of these calculations the approved 
final cover and the proposed final cover are over 99.99 percent efficient as compared to 
the standard NR 504 cover, which is 96.6 percent efficient.  These results compare well to 
previous studies and published data that show that a composite cover with a 
geomembrane will increase a final cover efficiency to over 99.9 percent as compared to a 
standard clay cover, which is in the 96 to 97 percent efficiency range.  These calculations 
support the use of the proposed final cover. 
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Section 3
Site Operations

Daily operations at the Phase IV landfill are not expected to change substantially as a result of 
the proposed plan modification.  The placement of low-permeability ash layers and the filling of 
ash will continue within the approved limits of waste as is currently being performed in order 
to achieve the final waste grades.  Access roads will be constructed as necessary to facilitate 
access within the cell. 

The conditioned and compacted ash layer that will comprise the lower portion of the final cover 
will be placed in stages as the landfill filling progresses.  As in previous phases, a mixture of fly 
ash containing a minimum of 40 percent JPM ash will be conditioned with 5 to 15 percent 
moisture and transported to the landfill in dump trucks.  The ash will be dumped, and a 
containment berm will be constructed with the ash mixture around the perimeter of the phase.  
The ash will be spread and compacted in maximum 12-inch lifts using a dozer.  The 
containment berm will be constructed approximately 10 feet wide at the top.  The exterior 
sideslope will be constructed at a 4:1 (horizontal to vertical) slope to match the final cover 
grades.  The interior sideslope will be constructed at an approximate 2:1 slope.   Subsequent 
truck traffic over the lift will provide additional compaction as the berm is constructed.  The 
berm will typically be constructed to a final height of approximately 10 feet.  However, as long 
as the minimum berm width is 10 feet, the resulting minimum ash layer thickness will be 
2.5 feet, given the 4:1 final cover slope.  

Construction of the berms in this manner will result in a conditioned and compacted ash layer 
greater than 2.5 feet in thickness.  Periodic surveys will be conducted to set the berm locations, 
and verification survey shots will be taken by DPC personnel or their designee as the berm 
construction progresses.  Construction of the berm in this manner will ensure that the minimum 
conditioned and compacted ash layer thickness of 2 feet is achieved.     

Given the marketability of the JPM ash during the summer for other beneficial use applications, 
construction of the ash berms will typically occur during the late fall or early spring.  Ash will 
be placed within the berms when JPM ash is not available.  When necessary, DPC will divert the 
JPM ash from other beneficial use applications when the JPM ash is needed to build the 
containment berms at the landfill. 

Based on current ash disposal records, DPC is projected to generate approximately 51,200 tons 
of JPM fly ash in 2003.  This quantity of ash is sufficient to construct the cover as proposed.  
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DPC will divert JPM Fly ash from other beneficial use applications as necessary to construct the 
final cover.   
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Section 4
Site Closure

4.1 General 
Revised closure activities and cost estimates have been prepared in accordance with the 
requirements of NR 514.06(9) and (10).  The design details for the revised final cover system are 
discussed in Section 2. 

4.2 Final Cover Placement and Certification
The conditioned and compacted ash component of the final cover will be constructed 
incrementally as waste filling progresses as described in Section 3.  Once a cell has been brought 
up to final grades, the remainder of the final cover will be constructed as shown on the phasing 
plans contained in the Plan of Operation.  

Prior to geomembrane placement, the surface of the conditioned and compacted ash layer will 
be fine-graded and/or additional JPM ash or on-site loess material will be brought in as 
necessary to fill in uneven areas.  The entire geomembrane subgrade will then be smooth drum–
rolled and inspected/certified prior to geomembrane placement.  The construction of the 
geomembrane layer, and the subsequent layers of the final cover, will then proceed as described 
in the Plan of Operation.   

Since the ash component of the final cover would be constructed incrementally, certification of 
this layer will require a different approach than would be applied to a traditional clay barrier 
layer.  Once placed and cured, the conditioned and compacted ash component of the final cover 
will harden to a low-permeability concrete-like mass as demonstrated on previous landfill 
phases.  Density testing would provide little useful information since the properties of the cured 
ash are affected by both the ash density and the hydration reactions, and since additional 
compaction would not be possible.  Hydraulic conductivity testing is not practicable owing to 
the hardness of the cured ash.  RMT’s experience with the coring of ash to retrieve samples for 
hydraulic conductivity testing is that the samples develop cracks and are otherwise disturbed, 
making the laboratory testing results unrepresentative of the field conditions. 

Given this, DPC is proposing an approach that utilizes up-front technical studies and field data 
(i.e., DPC’s historical ash studies and subsequent 20 years of operational experience) to 
determine the properties of the conditioned and compacted ash that can be achieved with a 
relatively high degree of certainty.  Since the proposed cover specifications are based on these 
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properties (i.e., a minimum 2-foot–thick layer with a maximum hydraulic conductivity 
of 1x10-6 cm/s), the operational procedures historically used to achieve these properties will 
continue to be followed.  DPC proposes to monitor that the minimum ash mix proportions and 
moisture contents are achieved, the approved means of placement are followed, and the 
minimum thicknesses are achieved.  DPC will also commit to an annual audit of the operating 
procedures to verify that these operating procedures are followed.   

Records from the ash processing facility will be used to document the mix proportions and 
moisture content of the select ash mix.  Operating records will be utilized to document the ash 
placement procedures.  Survey data will be utilized to document the ash layer thickness. 
Density testing, hydraulic conductivity testing, or other ash physical testing is not proposed at 
this time.  

4.3 Closure Cost Estimate 
The cost of closure for the facility is representative of “the total cost of closure for the point in 
time during operation of the facility when the extent and manner of its operation make closure 
most expensive.”  This cost estimate satisfies NR 520.07, which requires that the premature 
phased closure be identified.  This point in time would occur when Cell 3 is active and final 
cover would be required over the entire Cell 3 area and over portions of Cells 1, 2A, and 2B. 

The premature closure cost estimate assumes that the active Cell 3 area has not yet received the 
conditioned and compacted ash layer, and that, to close this area, soil needs to be imported, 
placed, and tested to certify that an equivalent layer to the ash is achieved. 

The cost estimate to perform closure activities includes installing a final cover system and a 
surface water drainage structure, vegetating the final cover, and preparing a closure 
documentation report.  A 25 percent contingency is also included.  Final cover construction 
includes hauling, placing, and compacting the soil components of the final cover; placing the 
geomembrane; seeding and mulching the topsoil; and constructing drainage controls.  The 
documentation report includes soil testing results and verification that closure activities were 
performed in accordance with the requirements of the Plan of Operation.  The updated closure 
cost estimate is included in Appendix E.  The updated cost of approximately $1.35 million is 
slightly less than the closure cost of $1.41 million included in the Plan of Operation conditional 
approval   



RMT, Inc. | Dairyland Power Cooperative 13 
I:\WPMSN\PJT\00-03081\58\R000308158-001.DOC 1/21/04  Final   January 2004 

4.4 Financial Responsibility 
The net worth method is used by DPC to provide proof of financial responsibility for the 
closure and long-term care of the landfill site.  The necessary amounts of proof of financial 
responsibility have been calculated in accordance with NR 520.08(1) and (2).   
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Appendix A
Conditional Plan of

Operation Approval for
Dairyland Power Cooperative

Phase IV Disposal Area.  License #4126 
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Appendix B 
Beneficial Use Ash Characterization Data
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Appendix C
Select Previous DPC Ash Studies
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