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DearMs. Cooperider,

On behalf of Zion Landfill, Inc., Geogic Associates (GLA) is submittmg response to the Draft
Denial Lettereceived fronthe lllinois Environmental Protection Agency (IE®AApril 12, 2024
regarding the permit application to expand Zion Landikch comment is listed below, followed
by a response.

Draft Denial Letter Responses

IEPA Comment The applicant does not meet the requirements of 35 IAC 811.504(b). A sampling
program shall be implemented as part of the Construction Quality Assurance (CQAYm&l
construction activities. The sampling program shall be based upon statistigalisgtechniques

and shall establish and specify criteria for acceptance or rejection of alatand operations.

X Multiple revisions to sample testing frequency have been proposed without an
explanation. Provide a narrative justifying the proposed changes in sampling frequency.
All tests summarized in CQA plan Table 13 that have been revised require an explanatio

ResponseThe testing frequencies for the lepermeability earth liner have been reduced from
1 test per 5,000 cubic yards to 1 test per 10,000 cubic yards for saificlatson, proctornuclear
density, grain size, and Atterberg limit tests. This was determined to be suffidghtdow
permeability earth liner will be consist of the same clay soil present on site #sabé&en used
for the 48year history of the site. Over the thousands afteeperformed on this material, it has
been demonstrated to be incredibly consistent.

Nuclear density testing on the final cover barrier soil wB®reduced from 1 test per 5,000 cubic
yards to 1 test per 10,000 cubic yards. Similarly to the-Remneability Earth Liner material to
be used on site, the final cover barrier soil will be the same material that has beed
throughout the history of thesite. It has been demonstrated to be incredibly consistent.
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Finally proposed testing of the leachate collection pipe bedding has been changed ftesh 1
3,000 cubic yards to 1 tegier source per phase. This testing frequency was changed from a
volumetric basis to a source and construction phase basis to ensure twadm@aces of material

are tested, and that material is retested in each construction phase.

However, some specific changes to the proposed plan have been asagguestedy the IEPA
as addressed in the following comment responses. As suekiised version of Appendix(CQA
Plan)has been provided ikttachment 1 Atable outliningsampling frequencieshich were
modified from previous site CQA Plaasd explanations of the reasoning for those chan@ss
also described abovég providedin Attachment 2

IEPA Comment As proposed, the Interface Sheer Testing specifications are not approvable and
should be revised. The current proposal is to have the frequency of Interfarelr8seng vary
depending on the date last tested and or previous test in the same constrsetiean.

X Revise the proposed Interface Sheer Testing specifications to a fixad festjuency.
Testing should occur routinely and independently of the last construction occurrence

ResponseAppendix GCQA Plarf)as been revised to note that Interface Shear Teshitigpccur
at a regulari8month interval. Please refer to Section 8, 9, 10, 11, and 14 of theaeAppendix
O provided ag\ttachment 1

IEPA Comment:3Appendix O, Page 17, Section 7.0 Test Liner, references “Part 94X.507(
regulation.

X No such regulation exists. This is believed to be a typo and should be revised.

ResponseT hisreferencewas erroneous and has now beeorrectedto referto Part 811.507(a)
Requirements foa Test LinerThe revised Appendix O has been providedtéschment 1.

IEPA Comment Appendix O, Page 64, Section 15.2.2 Placement Requirements, states that air
supply lines shall be pressure tested at 120 psi for 60 minutes. Table 13th&t@neumatic
piping shall be pressurized to at least 150 psi for at least 60 minutes.

X Revise the proposed test pressure such that it is consistent throughcDQ#hAelan.

ResponseThe CQA plan has been revised to note that all pneumatic piping will be tested a
consistent pressure of 150 psi. The revised Appendix O has been pragiélttdchment 1.

IEPA Comment Fppendix O, Table 13, provides the units for the Nuclear Density test in cubic
yards (yd) and square feet ()

X Is the unit square feet @ta typd?

ResponseThe use of the units square fe@t?) was a typo. Table 13 of Appendix O has been
corrected to note a Nuclear Density testing frequency of once per 1@G00@ yardsyd®) for
low permeability earth liner. The revised Appendix O has been providattashment 1.
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IEPA Comment @he revisions to the CQA plan should be submitted as a complete document and
not individually revised pages.

ResponseThe entire CQA Plan with the revisions noted throughout this |&i@srbeen provided
asAttachment 1

Verbal Comment Responses

In addition to the above comments concerning the CQA Plan, GLA has aseedecerbal
comments from the IEPA concerning the spacing of temporary monitoring weltsgitadient of
each cell and with a request for additional information on how the preser@mlindwater
Impact Assessmen{GIA)model is as conservative as a tdimmensional model.Thesubstance

of thesecomments ha been generally paraphrased from notes taken during virtual meetings
with the IEPA on March 28 and May 15, 2624l they are numbed aslEPA Comments 7 and 8
below.

IEPA Commerit: The IEPA has requested that modeling be conductedftom the spacing of
temporary monitoring wells downgradient of each cell.

Response GLA has prepared PLUME madelrepresent flow conditions downgradient of each
Cell (refer to Attachment 3)nder very conservative modeling condition§hs modeling found
plume widths to range from 5298 feet at 50 feet from the interim waste boundary (refer to
Figure 1 inAttachment 3).

As requested by the IEPA, this modeling was extremely conservative anddgim@isignificant
environmental safeguards that are inherent in the landfill desamd the conservative
assumptions that have been used in the Groundwater Impact Assessmentsnbdelexample,
the modeling assumes thathypothetical plume has already moved through thesitu clay and

is in the aquifer starting on day IHowever, $ing the average thickness of thegitu clay below
the landfill cells(10.27 m)and the coefftient of hydrodynamic dispersion of 0.019 m2/yr
(transport will be dominated by diffusion due to the low seepage rawd)ich will take
approximately 540 years to occuHowever, thesavells will each be in service for an average of
onlyapproximately 6/ears prior tcabandonment forconstruction of the subsequetandfill cell.

As a result of this low conductivity cohesive soil surrounding the landfihgalth the high
integrity of the landfill liner system in placiie applicant is proposing a moreasonable well
spacing of 250 feetvhich will be adequate to detect any discharge of contaminants from any
portion of the landfill. Figure 2.8 (Proposed Monitoring Network) and Drawing No. D12
(Proposed Groundwater Monitoring Plan) ieabeen updated to reflect these additional
temporary wells (refer to Attachment 3). Also included in Attachment 3 is aece@sction 2.8
with an updated Table 28 (Proposed Groundwater Monitoring Network Phasingpte that
while these changes have besrade by GLA, the logos revisedSectiorn2.8-2 and Drawing No.
D12 remain thatof the original authorof those documents(Aptim Environmental &
Infrastructure, LLIC These logos weretained toprovideconsistencyor the IEPA’s files (e.g. so
that Drawing D1Zan be added tahe IEPA’s master drawing sstthout causing confusion in
the future).
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IEPA Commen8: The IEPA has questioned whether the @hmensional POLLUTE model
presented with the application is more conservative than had adwoeensional MIGRATE model
been presentedn previous permit applications approved for the existing facility

While the baseline model conservatively generated a Groundwater ComtemrPrediction
Factor (GCPF) prior to the Zone of Attenuation (ZOA), there was a concern thaagbknb
model was not taking into account the landfill base length in the direction of ghoater flow
in the uppermost aquifer.

Response As described to the IEPA during a virtual meetingMay 15, 2024, the POLLUTE
model was presented to provide simplicityJsing a onalimensional model eliminated the
complexities of the twalimensional flow, while allowing for evaluation at the base of the
Wadsworth Till, well before the Zone of Attenuation.

However, to address the IEPAencerns, a MIGRATE sensitivity analysis was preformed to
determine if adding the landfill base would generate a higher predicted GGRE uppermost
aquifer at the ZOA (refer to Attachment 4 of this response).

ThisMIGRATEnodel included the following conservative assumptions, among others

1. The landfill flow length was conservatively measured from southwest tiheast across
the entire landfill at the longest southwest to northeast distance belowl#melfill.

2. The shortest distance from the landfill base to the waste boundary (occurririgein
northeast corner of the facility) was used to evaluate the model results.

3. An impermeable bottom boundary condition was utilized. The impermeable bottom
boundary is conservative as it does not allow any transmission of contaminastahbis
boundary. If the bottom boundary was not assumed to be impermeable, contamsina
would actually diffuse across this boundary and move slowly into the Lower Till bekow th
site (diluting concentrations).

4. The highest average horizontal gradient (to the north) was used to calculatBahey
velocity used in the model.

5. A constant leachate concentration was used throughout the modeling period. The
concentration of each constituent in leachate can be assumed to be constant or a specific
mass can be assumed to be present. Assuming a specific mass resultscheasidg
souce concentration over time, which would most accurately represent the fact that
leachate concentrations in landfills with leachate collection and removal systais
gradually decrease over time. However, a constant concentration was assaméd
results in conservative model results.

6. The landfill will have an inward gradient throughout the entire modeling perioth wi
groundwater flowing into the landfill in the unlikely event that a puncture of therlwas
to occur. Conservatively, the groundwater model assumed that the landfilhave an
outward gradient with one (1) foot of leachate head acting on the liner. A onedf) fo
leachate head was used in the calculation of the landfill vertical seepage rsixtjmg in
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higher predicted concentrations at the base of the Wadsworth Formation prior to
reaching the Shallow Drift Aquifer (uppermost aquifer) and the Zone of Attenuation
(ZOA).

7. Poor liner contact was assumed in the calculation of the landfill vertiegagge rate,
resulting in a higher seepage rate. A more conservative model is createchgyausigher
seepage rate through the liner. Section 2.5 of this application discused&sdnstruction
Quality Assurance Program, which details specifications for liner installatiord Goo
contact between the 60 mil HDPE liner and recompacted solil liner is expectes sitd,
making the poor liner contact assumption conservative.

8. The maximum reported leachate concentration for each constituent was used in the
development of the model prediction table. An average of the reported Hate
concentrations would result in a less conservative evaluation of the laedfiansion.
Therefae, the maximum reported concentrations were used in the model.

9. Adsorption was conservatively not applied to the baseline groundwater einod
Adsorption can play a significant role in retarding the migration of numeroustiteents
in groundwater. Not using adsorption in the model results in a higher predicted
concentation at the base of the Wadsworth Formation prior to reaching the Shalofi
Aquifer (uppermost aquifer) and the ZOA.

10.Degradation was conservatively not used in the baseline groundwater model.
Degradation can play a significant role in reducing the migration of nuwmero
constituents in groundwater. Not using degradation in the model results inglehi
predicted concentraon at the base of the Wadsworth Formation prior to reaching the
Shallow Drift Aquifer (uppermost aquifer) and the ZOA.

The MIGRATE&ensitivity analysipredicted a maximum Groundwater Concentration Prediction
Factor for the entire 14¥§ear simulation period at the edge of the zone of attenuation in the
Shallow Drift Aquifer (uppermost aquifes 8.19 x 16°.

As a resulteven with numerous conservative assumptions, the -tumensionalMIGRATE
modeling has resulted in a prediction limit that is rougfdQ times less than the limit determined
using theone-dimensionaPOLLUTE adel provided in theermit application(5.81 x 16).

We are hopeful that théEPAwill find these responses to baufficient to addresgs comments.
If you have any questions, please do not hesitate to contact me at (8474 BBE Meanwhile,
we lookforward to receipt of a development permit for the facility.

Sincerely,
GeoLogic Associates

7

Martin N. Fallon
Operations Manager
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1.0 PURPOSE AND SCOPE
1.1 Purpose

The purpose of this Construction Quality Assurance Plan (CQA Plan) is to provide procedures
to assure that landfill components of the Zion Landfill are constructed and documented in
adherence to their design and regulatory requirements.

This CQA Plan has been prepared in accordance with the requirements of Title 35 lIllinois
Administrative Code Part 811 Subpart E and Appendix D to IEPA Landfill Permit Application
Instructions Form No. LPC-PA2. This CQA Plan is intended to serve as a guide and can be
modified upon IEPA approval to reflect current industry standards with regard to laboratory
testing methods and requirements.

1.2 Scope

Construction components and facilities subject to this CQA Plan are asfollows:

Construction Component Applicable Sections*

Foundation and Subgrades 2.0-5.0,6.0,8.0

Test Liner 2.0-5.0,6.0,7.0,8.0

Gradient Control Layer 2.0-5.0, 14.0, 15.0

Compacted Low-Permeability Soil Liner 2.0-5.0,7.0,8.0

Geomembrane Installation 2.0-5.0,11.0

Leachate Drainage and Collection System 2.0-5.0, 10.0, 12.0, 13.0, 14.0, 15.0

Final Cover System 2.0-5.0,7.0, 8.0,9.0, 11.0, 12.0,
13.0, 14.0, 15.0

Surface Water Control Facilities 2.0-5.0,12.0, 15.0, 16.0

Gas Control System 2.0-5.0,17.0

Leachate Storage Tanks 2.0-5.0,19.0

* NOTE: Sections 2.0 through 5.0 are applicable to all landfill components.

Sections 2.0 through 5.0 discuss CQA requirements common to all the components of landfill
construction. These common requirements include Roles, Responsibilities, and
Quialifications (Section 2.0), Preconstruction Planning (Section 3.0), General Inspection and
Documentation (Section 4.0), and the Construction Acceptance Report (Section 5.0).

Sections 6.0 through 19.0 discuss specific construction procedures, observation, sampling,
testing, acceptance criteria, surveying and documentation requirements for each material
utilized in construction of landfill components. Several sections will have to be referenced for
landfill components constructed of multiple materials. For example, the final cover utilizes
general fill (final protective layer), geocomposite, geomembrane, and low-permeability soil
(low-permeability layer).

1 Zion Landfill - Site 2 North Expansion
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2.0 OPERATOR AND CQA ROLES, RESP ONSIBILITIES, AND QUALIFICATION
2.1 Owner/Operator

For each component of landfill construction addressed by this CQA Plan, the Owner/Operator
shall retain professional services of a third party other than the Owner/Operator or an
employee of the Operator to fulfill the requirements of the CQA Officer.

2.2 CQA Officer

The CQA Officer shall supervise and be responsible for all inspections, testing, and related
construction documentation as described in this CQA Plan. The CQA Officer will be
responsible for preparation of the construction acceptance report to certify substantial
compliance with the engineering design. The CQA Officer shall be an lllinois Registered
Professional Engineer.

The CQA Officer may delegate daily inspection, testing, and sampling duties to a qualified
technician with experience in the assigned aspect of construction who will serve as the CQA
Officer-In-Absentia (COIA). Although these duties may be delegated, the CQA Officer will
retain the responsibility for these activities.

When a COIA is designated, the CQA Officer shall visit the construction site periodically
during active periods of construction to personally observe the construction and
documentation procedures. Also, at a minimum, the CQA Officer shall personally observe,
on at least one occasion, each of the following major elements of landfill construction:

%0 Compaction of the subgrade and foundation to design parameters;

%o Installation of underdrain system;

%o Installation/testing of the compacted low permeability soil liner;

%o Installation/testing of the geomembrane;

%o Installation/testing of the leachate drainage and collection system;

%o Application/testing of the final cover;

%o Installation/testing of gas control facilities; and

%o Construction of the ponds, ditches, and berms.
The CQA Officer shall be readily available for consultation, as needed.
2.3 CQA Officer -In-Absentia (COIA)

In the event that the CQA Officer is unable to be present to perform the requirements of this
CQA Plan, the CQA Officer will designate a person to fulfill the duties of the CQA Officer and
exercise professional judgment in the role of CQA Officer-In-Absentia (COIA). The COIA will
not necessarily be an lIllinois Registered Professional Engineer. The Officer-in-Absentia form
provided in Section 21, or its equivalent, shall be completed in its entirety when a COIA is
designated, and shall be included in the construction acceptance report.

The COIA will carry out daily inspection, testing, and sampling duties under the direct
supervision of the CQA Officer. The COIA shall be a qualified technician with experience in
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the assigned aspect of construction. The COIA will prepare daily summary and inspection
reports and transmit these routinely to the CQA Officer. The COIA will immediately notify the
CQA Officer of any problems or deviations from design plans and specifications. The COIA
will not have authority to approve any design or specification changes without the consent of
the CQA Officer.

2.4 Soils Testing Laboratory

The Soils Testing Laboratory shall have experience in testing soils in accordance with
standards developed by the American Society of Testing and Materials (ASTM), American
Association of State Highway and Transportation Officials (AASHTO), United States Army
Corp of Engineers (USCOE), and other applicable test standards. A third-party laboratory,
not owned by the Operator or the Manufacturer will be used. The selected laboratory 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 Soils Testing Laboratory and
submitted to the CQA Officer.

2.5 Geosynthetic Testing Laboratory

The Geosynthetic Testing Laboratory will have experience in testing geosynthetics in
accordance with standards developed by the American Society of Testing and Materials
(ASTM), Geosynthetic Institute (GSI), International Standards Organization (ISO), and other
applicable test standards. A third-party laboratory not owned by the Operator or the
manufacturer will be used. The selected laboratory 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 Geosynthetic Testing Laboratory and submitted to the CQA officer.

2.6 Construction Contractor

The Construction Contractor will be responsible for performing and controlling earthwork,
construction, and piping installation, and to provide overall construction responsibility. The
Construction Contractor will be experienced in solid waste landfill construction or similar type
projects, knowledgeable about clay liner construction techniques, and familiar with
geosynthetic installations. Selection of a qualified Construction Contractor will be at the
Owner’s discretion.

2.7 Geosynthetics Installation Contractor

The Geosynthetic Installation Contractor (Installer) will be responsible for providing the
materials, equipment, and personnel to install the required geosynthetic components. The
Geosynthetics Installation Contractor will be trained and qualified to install the various
required geosynthetic components. The Geosynthetics Installation Contractor will be
approved and/or licensed by the manufacturer. Selection of a qualified Geosynthetic
Installation Contractor will be at the Owner’s discretion.

2.8 Manufacturer(s)

The Manufacturers are responsible for manufacturing and/or fabricating their respective
components in accordance with the design criteria, drawings, and specifications to the
satisfaction of the CQA Officer and Operator. The Manufacturers are required to implement
the MQA and MQC programs described in the specifications. The Manufacturers may
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implement their own supplemental quality assurance/quality control program for purposes of
monitoring the manufacture or fabrication of their respective components.
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3.0 PRECONSTRUCTION MEETING

Prior to construction commencing at the landfill facility, a preconstruction meeting shall be
held. This meeting will include the parties involved in the construction, including the CQA
Officer, COIA, construction and/or installation contractor, and Operator.

The objectives of this meeting include construction planning and coordination of tasks;
identification of potential problems that might cause difficulties and delays in construction;
proper interpretation of design intent by contractor(s); and to present the CQA Plan to all the
parties involved. It is very important that the rules regarding documentation, reporting, testing,
repair, and acceptance be understood by each party to this CQA Plan.

Specific topics considered for this meeting include the following:

%0

%0

%0

%0
%0
%0
%0

%0

%0

%0
%0
%0

%0
%0

%0

%0

Review the construction plans, construction specifications, and CQA Plan. Review all
critical design details of the project.

Review measures for surface and storm water control, including but not limited to
storm water diversion, erosion control measures, pumping locations, storm water
retention, and discharge requirements.

Review pending and approved IEPA modifications to the CQA Plan and develop any
project specific addenda.

Review the responsibilities of each party.
Review lines of authority and communication.
Review methods for documenting, reporting, and distributing documents and reports.

Review the testing requirements, locations, and frequency for the soil and
geosynthetic components.

Construction procedures for the compacted low-permeability soil layer, including
compaction and water content requirement, precautions to be taken to maximize
bonding between lifts of compacted low-permeability soil, method for splicing liner
and cover, precautions to minimize desiccation cracking, surface preparation and
approval prior to geomembrane placement.

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

Review the time schedule for all operations and hours of operations.
Establish procedures for deployment of materials over completed geosynthetics.

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.

Review geomembrane panel and seam layout drawings and numbering systems.
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%o Establish procedures for use of the geomembrane welding apparatus, if applicable.
%0 Finalize field cutout sample sizes.

%0 Review repair procedures.

%0 Review procedures for working in areas containing waste.

Unless otherwise agreed upon, the meeting will be documented by the CQA Officer, and
minutes will be distributed to all parties involved in the construction project.

APTIM
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4.0 GENERAL CONSTRUCTION OBSERVATION AND DOCUMENTATION

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

4.1 Daily Reports

A daily construction report shall be prepared by the CQA Officer, or under direct supervision
of the CQA Officer, for each day of activity. Each report shall contain the following information:

%0 Date, project name, location, and report preparer's name and signature. Names and
signatures of all inspectors on-site performing CQA under the supervision of the CQA
Officer.

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

%o Data on weather conditions including temperature, humidity, wind speed and
direction, cloud cover, and precipitation.

%o Construction Contractor's work force, equipment in use, and materials delivered to or
removed from job site.

%0 Chronological description of work in progress including locations and type of work
performed.

%o Summary of any meetings held and attendees.

%o A description of all materials used and references or results of testing and
documentation.

%0 Discussion of any problems/deficiencies identified and any corrective actions taken
as described in Section 4.3 (Problem/Deficiency Identification and Corrective Action).

%0 ldentification/list of laboratory samples collected, marked, and delivered to
laboratories or clear reference to the document containing such information if samples
were obtained.

%o An accurate record of calibrations, recalibrations, or standardizations performed on
field testing equipment, including any actions taken as a result of recalibrations. In
addition, the results of other data recording such as geomembrane seaming
temperatures shall be included or clearly referenced to the document containing such
information, if applicable.

%o Copies of each inspectors daily field data sheets.
Field data sheets shall be prepared daily by the COIA and contain the following information:

%o Test or sample location and elevation

%o Type of inspection

%0 The procedures used

) %o Test data
%o Test results

APTIM
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%0 Personnel involved in the inspection and sampling activities
%o Name of the COIA

4.2 Forms, Checklists, and Data Sheets

Additional forms may be developed during the course of the project to provide specific needs
such as geomembrane inspections or simply to improve efficiency of data collection. Any new
forms shall be approved by the CQA Officer prior to their use.

4.3 Problem/Deficiency Identification and Corrective Action

Problem and/or deficiency identification and corrective action will be documented in the Daily
Summary Report when any construction material or activity is observed or tested that does
not meet the requirements set forth in this CQA Plan. The Summary Report should clearly
reference any other report, photograph, or form that contains data or observations leading to
the determination of a problem or deficiency. Problem/deficiency identification and corrective
action documentation may include the following information:

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

%o Location of the problem or deficiency, including how and when the problem or
deficiency was discovered. In addition, an estimate of how long the problem or
deficiency has existed should be included.

%0 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.

The CQA Officer and the COIA will discuss the necessary corrective actions with the Owner
and the Construction Contractor and implement actions, as necessary, to resolve the problem
or deficiency as soon as possible. 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 Operator 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. Any revisions to the plans or specifications or
the CQA Plan must be approved by the CQA Officer and the site Operator. CQA Plan
modifications will be approved by the IEPA.

4.4 Photographic Documentation

Photographs shall be taken of each major element of the CQA process to document
observations, problems, deficiencies, corrective actions, and work in progress. The following
information should be documented in the daily report or a log book for each photograph:

%o Date and time.

%0 Approximate location where photograph was taken, including information regarding
the orientation of the photograph itself for proper viewing (i.e., looking south), if not
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apparent from the content of the photograph.
%o Description of the subject matter.
%o Unique identifying number for reference in other reports.
% Name and signature of photographer.

4.5 Surveying

Documentation surveying requirements for each major landfill component are described in
Sections 6.0 through 19.0. All required surveying will be performed under the direct
supervision of the CQA Officer. All surveys will be based on survey control monuments to be
established according to Part 811.104. The location of all 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 COIA is responsible to provide or request survey control.
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5.0 CONSTRUCTION ACCEPTANCE REPORT

Following completion of construction of each major phase (or sub-phase), a Construction
Acceptance Report will be prepared including certification by the CQA Officer that
construction was completed in substantial conformance with the engineering design and
applicable approvals. The report will be submitted to the IEPA, as required for operation
approval.

The report will include the following information, at a minimum:
5.1 Narrative

A narrative description in chronological order for each of the major construction elements
listed in Section 1.0. The narrative will include discussion of the following items:

%o A physical description of the subject construction and a description of the construction
procedures used.

%0 A comparison of testing requirements, as specified by the CQA Plan, to the testing
actually performed.

%0 A comparison of acceptance criteria specified by the CQA Plan to the testing results
actually achieved. Summaries of all test data (including sample and test locations)
will be provided as well as copies of pertinent laboratory testing reports such as grain-
size distribution curves, hydraulic conductivity test data, moisture- density curves, and
geosynthetic test data.

%0 A comparison of surveying requirements specified by the CQA Plan to those
performed, and an evaluation of conformance to specified thicknesses, lines, and
grades. Survey data will be summarized and/or represented by drawings of record.

%0 Any deviation from the design plan or from the agency approval will be discussed
including the reason and justification for the change.

%o Any pertinent correspondence related to the construction will be referenced in the
narrative and included in appendices.

5.2 Photographic Documentation

Photographic documentation will be included in an appendix. A sufficient number of photos
will be included to provide a visual concept of each major component of landfill construction.
Photographs may also depict testing and sampling procedures and construction procedures.

5.3 Summary Reports

Copies of all Daily Summary Reports will be provided in an appendix.

5.4 Drawings of Record

Drawings of Record for the construction may include the following Plan Sheets and contents,
as applicable. When practical, each of these record drawings should show where samples
are collected and/or tests were conducted, with a reference to test/ sample identification:
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%0

%0

%0
%0

%0

%0

%0

%0

%0

%0

%0

%0

Title Sheet - Project name, date, site location, preparer, Owner/Operator, certification,
and drawing index.

Subgrade Grades - Surveyed subgrade grade spot elevations, areas of over
excavation, average depth of over excavation, locations of areas requiring placement
of geosynthetics or crushed stone for dewatering, and locations of any areas requiring
stabilization.

Liner Grades - Surveyed top of liner grade spot elevations.

Liner Geomembrane - Panel and seam locations, anchor trench locations, any
pertinent testing locations, and penetration locations, including repairs.

Leachate Drainage and Collection System - Surveyed top of drainage layer grade
spot elevations, or measured thickness, location and slopes of leachate collection
pipes, anti-seep collars, manholes, tanks, and loading facilities.

Gas Control System — Surveyed locations of wells, laterals, and header piping with
spot elevations as necessary, locations of air lines and condensate forcemain piping,
locations of tanks, condensate collection points, and tie-in locations.

Surface Water Drainage Facilities - Lines, grades, and spot elevations of surface
water control facilities. Pipe locations, elevations, and any control devices will also be
shown. If possible, this information may be incorporated into another Plan Sheet.

Final Cover Low-Permeability Soil Layer - Surveyed top of low-permeability soil cover
spot elevations.

Final Cover Geomembrane - Panel and seam locations, any pertinent testing
locations, and penetration locations, including repairs.

Final Cover Drainage Layer - Surveyed top of granular layer, or limits of geocomposite
if geosynthetic material is used.

Final Cover Protective Layer - Top of protective layer grade spot elevations. Any
surface water drainage or diversion facilities associated with the final cover.

Details - Detail Plan Sheets will depict any necessary components, as necessary, to
clearly document construction. Details may include, but may not be limited to: plan
and profiles of manholes, tanks, piping and pump controls, liner penetrations, gas
control system structures, and drainage structure controls.
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6.0 SUBGRADE AND FOUNDATION

The liner subgrade will be established by excavating overburden soils to the designed
subgrade grades.

6.1 Procedures and Observation

%0

%0

%0

%0

In order to ensure a firm subgrade, the Contractor will proof-roll the subgrade if
required by the CQA Officer. The COIA will observe the proof-rolling and note any
areas that appear unacceptable or soft.

Upon attainment of subgrade grades by excavation, the COIA will observe subgrade
conditions and document unexpected conditions such as wet or unstable areas,
permeable lenses, or standing or running water. The COIA will observe soil surfaces
for joints, fractures, and depressions. These areas will be repaired as discussed
below.

Any unstable areas, permeable lenses, joints, or fractures encountered will be
excavated at least 2 foot in depth and replaced with low-permeability soil. If required,
dewatering, placement of geosynthetics, or placement of crushed stone to stabilize
the subgrade undercut below 2 foot shall be at the direction of the CQA Officer.

In the event that groundwater is encountered during excavation, the following
procedures will be followed:

» Excavating in the area will cease until the area can be assessed and mitigation
measures implemented.

« Zion Landfill will be notified by the contractor immediately.

» The CQA Officer and an experienced geotechnical engineer will be notified
immediately.

« Based on recommendations by the geotechnical engineer, mitigation measures
will be implemented (mitigation measures may include, but not be limited to
perimeter dewatering, horizontal drains, and or drainage ditches). If groundwater
is present in an amount that would impede construction of the liner, additional
mitigation measures may be implemented to construct an underdrain system (see
Section 6.2).

e Upon stabilization of the uplift forces, subgrade grade excavation will be
completed and the low-permeability soil liner will be placed.

« Mitigation measures will be maintained during waste placement operations until
sufficient overburden materials are in place in order to counteract hydrostatic uplift
forces.

* Any corrective actions taken under this section should be documented using the
methods in Section 4.3.

6.2 Excavation

The following procedures will be followed prior to and during construction.

%o All available geologic information, including boring logs and geologic cross sections,

%0

will be reviewed prior to excavation.

Meetings will be scheduled on a regular basis between the Owner, contractor, and
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CQA Officer to discuss elevations of the subgrade.

%0 Excavation depths will be monitored continuously to ensure subgrade grades are not
over excavated.

In areas where groundwater is encountered which may be anticipated to impede construction
of the liner, an underdrain system will be installed. The underdrain system is a 200-mil
double-sided geocomposite, which consists of an HDPE Geonet with a 6 0z/yd? geotextile
heat-bonded to both sides, and will be placed to intercept the encountered groundwater
seepage. Groundwater will be transported via the geocomposite drainage layer to sumps
which will be constructed similar to those constructed above the liner however, the sump will
not be lined with a geomembrane liner. A geomembrane liner is not necessary due to the
upward gradient and the fact that the groundwater will at no time come in contact with waste.
The groundwater will be pumped up sideslope risers similar to those constructed above the
liner and will discharge to the perimeter ditches.

Groundwater inflow may occur during periods of high water table. This inflow can be
managed through the use of perimeter ditches and sumps. The sumps will be field located
during construction. Sumps will be located in areas of groundwater seepage.

6.3 Sampling Requirements and Acceptance  Criteria

%0 As discussed above, subgrade stability will be determined by visual observations of
surface conditions under proof rolling with a loaded haul truck or scraper, with rutting
less than four inches considered acceptable.

%0 Any subgrade areas requiring placement of compacted low-permeability soil for
stabilization should follow the Quality Assurance requirements.

%o One representative sample will be obtained from the subgrade/subbase soil areas
and analyzed for each cell construction area.

» The following laboratory analysis will be performed:
- Shear Strength — ASTM D3080
» The following represents the Acceptance Criteria:

- Angle of Internal Friction and Cohesion shall be greater than or equal to the
window of 24.1 degrees with O psf and 14.9 degrees with 45 psf. See Table
12 for a figure of the required window.

6.4 Surveying

Subgrade elevations will be surveyed on a 100-foot grid pattern at a minimum and any
additional locations required to depict breaks in grade, toe, and top of sideslopes. In the
alignment of undercuts for leachate collection lines, subgrade elevations will be surveyed at
50-foot intervals. The subgrade grades shall be equal to or lower in elevation than the design
subgrade grades.

The limits of any subgrade stabilization or permeable lense removal and backfill will be
surveyed and depicted on the Subgrade Grades record drawing plan sheet. The location of
all field tests and samples will be recorded.
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7.0 TEST LINER

A test liner has previously been constructed at the site and approved by the IEPA as meeting
the requirements of 35 IAC Part 811.507. Additional test liner(s) will be constructed if the
material properties of the borrow source substantively changes or there is a change in
equipment or procedure. It should be noted that admixtures are not proposed at this time as
part of the liner; however, a new test liner will be constructed if they are proposed in the
future. If additional test liner(s) are required, they will be constructed and evaluated in
accordance with the requirements of 35 IAC Part 811.507. The COIA will observe its
construction and perform the required testing and sampling. The CQA Officer will inspect the
construction and testing of the test liner to ensure that the requirements of Part 811.507(a)
are met following the construction of the test liner. The CQA Officer will prepare a
documentation report of the test liner construction and testing results for IEPA submittal prior
to a full-scale low-permeability earth liner construction.

7.1 Test Liner Design

The test liner dimensions will be 100 feet in length by 50 feet in width and 5 feet thick. The
liner will be constructed with a 2 percent slope across its width, and the final surface will be
elevated approximately 0.5 foot above the existing ground surface to promote runoff. The
widest piece of equipment to be used in liner construction is approximately 12 feet. The
scraper, being the longest piece of equipment, is approximately 40 feet in length. The scraper
will already be in motion when it approaches the test liner and operates at very low speeds
when depositing soil; therefore, the testing area of the liner has been determined by
establishing a buffer for edge effects equal to one half the length of a scraper and one half
the width of equipment. This provides a testing area with dimensions of 38 feet by 60 feet.

7.2 Procedures and Observation

%o A shallow excavation will be made to remove topsoil and simulate subgrade
conditions. The subgrade will be proof-rolled and quantitatively evaluated for
acceptance using the methods in Section 6.3.

%0 Low-permeability soil for construction of the test liner will be obtained from the same
borrow source(s) or from excavation material, for the full-scale liner.

%0 The COIA will confirm the source and uniformity of the borrow source.

%o The Construction Contractor will segregate and/or remove unsuitable soils as
discussed in Subsection 8.1 (Low-Permeability Soils). Contractor methods will be
evaluated for removal of stones which may cause damage to the liner or are greater
than 2 inches in diameter within 6 inches of the final test liner surface.

%0 Low-permeability soil will be placed in loose lifts using scrapers or dozers. The
effectiveness of scrapers performing this task will be evaluated by measuring loose
lift thickness. The equipment will spread each lift to an approximate 9-inch thickness
prior to compaction. Then, the compactor speed and number of passes required to
achieve specified compaction will be evaluated. The test liner documentation report
will discuss construction methods and propose a method for construction of the full
scale liner.

%o The test liner will be constructed to a minimum thickness of 5-feet.

%0 The final surface of the test liner will be compacted with a smooth drum roller. Then,
the suitability of the surface relative to geomembrane placement will be evaluated.
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%0 Moisture conditioning may be implemented at the direction of the CQA Officer to
protect the completed test liner surface from desiccation, particularly if the in- field
hydraulic conductivity testing has not been completed.

%0 The test liner will be abandoned following completion of all data collection upon notice
by the CQA Officer.

%0 The low permeability soil material used for the construction of the test liner may be
incorporated in the full-scale liner construction.

7.3 Sampling Requirements and Acceptance  Criteria

Due to the relative size of the test liner, sampling frequencies are intensified solely for the
purpose of demonstrating repeatability of results. The COIA will perform field tests and collect
soil samples for laboratory analysis.

7.3.1 Field Testing

Parameter Method
Moisture Content & Soil Density ASTM D6938
Hydraulic conductivity ASTM D6391-11

Field density and moisture content will be performed on each lift thickness of soil placed at
the locations chosen by the CQA Officer. A properly calibrated nuclear density-moisture
gauge will be used for field moisture and density determination. The COIA will select field
density/moisture content test locations by random and judgmental processes. The testing
frequency shall be no less than two tests per lift of earth liner placed.

In-field hydraulic conductivity testing will be performed on the final test liner surface at a
minimum of three locations determined by the CQA Officer. Tests will be conducted in
accordance with ASTM D6391-11. Extreme care will be used in conducting this testing as
the procedure has inherent interferences that may adversely affect results and yield
unrepresentative data. Such interference includes evaporation and inadequate seals
between the permeameter and low-permeability soil. These factors will be closely monitored
to verify test results.

The COIA shall record the approximate location of all field density and moisture content tests
and hydraulic conductivity samples to a nominal accuracy of twenty-five (25) feet, referencing
the project coordinate and elevation system, and depth according to the lift number.

7.3.2 Field Testing Acceptance Criteria

Acceptance criteria for density and moisture content will require soil compaction to a
minimum of 95 percent of the Standard Proctor maximum dry density, or to a minimum of 90
percent of the Modified Proctor maximum dry density, at a moisture content equal to or
greater than optimum. Field hydraulic conductivity will be required to be no greater than 1 x
107 cm/s.
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7.3.3 Laboratory Testing

Undisturbed Sample Analysis

Samples for determining in-place properties will be collected by an appropriate method
for obtaining intact, undisturbed samples. Two undisturbed samples per lift will be
obtained. An undisturbed sample will be obtained on the final lift so each in-field hydraulic
conductivity test can be compared to laboratory hydraulic conductivity results. The
following laboratory analysis will be performed on each undisturbed sample:

Parameter Test Method

Moisture Content and Dry Density ASTM D2216

Atterberg limits ASTM D4318

Grain Size Analysis* ASTM D7928 (particle size smaller than no.
200 sieve)
ASTM D6913 (particle size larger than no. 200
sieve)

Hydraulic conductivity ASTM D5084 or SW846-EPA Method 9100

* The former grain size analysis standard (ASTM D422) was withdrawn by ASTM in 2016.

Representative Sample Analysis

A single representative (grab) sample will be obtained from the low-permeability soil
borrow source and analyzed prior to construction. This will confirm soil characteristics
and provide the maximum dry density value for compaction testing. A single sample will
be adequate as only 740 cubic yards of in-place low-permeability soil will be required to
construct the test liner.

The following laboratory analysis will be performed on the representative sample:

Parameter Test Method

Moisture Density Relationship
using Standard or Modified ASTM D698 (or ASTM D1557)
Proctor Compaction

Atterberg limits ASTM D4318

ASTM D7928 (particle size smaller than
no. 200 sieve)

Grain Size Analysis* ASTM D6913 (particle size larger than
no. 200 sieve)

Soil Classification per USCS ASTM D2487
(Unified Soil Classification System)
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Remolded Hydraulic Conductivity

At 95 percent compaction and equal

to or greater than optimum water content ASTM D5084 or SW846-EPA
per Standard Proctor Method (ASTM D698) Method 9100

or 90 percent compaction and equal to

or greater than optimum water content per

Modified Proctor Method (ASTM D1557)

* The former grain size analysis standard (ASTM D422) was withdrawn by ASTM in 2016.

Laboratory Testing Acceptance Criteria

%o Hydraulic conductivity shall be no greater than 1 x 10" cm/s (low-permeability soil
liner only).

%0 Percent passing No. 200 sieve shall be at least 50%.

%o Plasticity index shall be at least 4%, as long as hydraulic conductivity is no greater
than 1 x 10”7 cm/s (low-permeability soil liner only).

%o Atterberg Limits and Grain Size Analysis will be used to classify soils per the
USCS. Low-permeability soils with USCS classification as CH, CL, or CL-ML are
acceptable.

7.4 Surveying

Top and bottom of low-permeability soil liner elevations will be surveyed on a grid system
with 25-foot intervals across the width of the test liner and 50-foot intervals across its length.
The minimum acceptable liner thickness will be 5 feet. The location and elevation of all
samples will be recorded.

APTIM
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8.0 LOW-PERMEABILITY SOILS

Low-permeability soil refers to the compacted low-permeability soil components of the
composite liner (i.e., floor and sidewalls), the composite cover designs, compacted
foundation fill, and low-permeability fill for containment berms, temporary and permanent
berms, stormwater basin dikes, and fill embankments. The composite liner design consists
of (from bottom to top) a 5-foot thick compacted low-permeability soil layer (low-permeability
earth liner) overlain with a 60-mil HDPE geomembrane, cushion geotextile, 1-foot thick
granular drainage layer, and filter geotextile. The composite cover design consists of (from
bottom to top) a 2-foot-thick compacted low-permeability soil layer (final cover barrier soil), a
40-mil LLDPE geomembrane, a geocomposite drainage layer, and a 3-foot-thick vegetative
protective layer.

8.1 Procedures and Observation

The COIA will observe all compacted low-permeability earth liner, final cover barrier soil,
compacted foundation fill, low-permeability containment berm, temporary and permanent
berm, and stormwater basin dike soil construction activities and document relevant
observations to support certification of the following requirements:

%o Compaction equipment similar to that used in the test fill shall be used in the actual,
full-scale compacted low-permeability earth liner and final cover barrier soil.

%o The same compaction procedures employed in the test fill shall be utilized for the
actual low-permeability earth liner, compacted foundation fill, final cover barrier soil,
and low-permeability berms and basins, such as the number of passes, speed, and
uniformity of coverage.

%0 The COIA will confirm the source and uniformity of the low-permeability borrow soils.
Soil excavation and placement will be monitored for segregation and removal of
unsuitable material and for changes in soil type, color, texture, and moisture content.
Additional characterization and testing will be completed if borrow soils for the
conditions anticipated during design change from those used in the test pad.

%0 The Construction Contractor will segregate and/or remove unsuitable materials such
as granular soils, silty or sandy clays not meeting acceptance criteria, boulders,
cobbles, and organic material. Additionally, the Construction Contractor will remove
any stones greater than 2 inches in diameter observed in the low-permeability earth
liner and final cover barrier soil placed within 6 inches of the geomembrane liner. Prior
to compaction of the final lift of low-permeability soil, the material will be checked for
the presence of sharp objects and angular stones by visual inspection. Any stones or
clods larger than 4-inches in least dimension will be removed prior to placing
compacted foundation fill.

Following compaction of the final lift, the material will be checked again for the presence of
sharp objects and angular stones by visual inspection. Any stones observed will be removed.

%o The COIA will measure field densities and moisture contents, to document that the
compacted low-permeability earth liner is in substantial conformance with the
placement specifications and that soil placement has been conducted in a manner to

achieve a uniform, homogeneous mass.
) %0 Any areas of unacceptable compaction density or moisture content will be
APTIM documented by the COIA. Corrective action will consist of moisture conditioning of
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the soil and/or additional compactive effort as necessary. Following corrective
actions, such areas will be retested. Rework and testing will continue until satisfactory
conditions have been achieved.

Loose lift thicknesses for low-permeability soil compaction will not exceed 9 inches,
or the thickness of the compactor foot. If soil is deposited in thickness exceeding 9
inches, dozers will be used to spread the soil to a 9-inch thickness prior to compaction.
This will assure adequate reduction of clod size and provide a thin enough layer to
achieve required compaction throughout the lift.

If necessary, surfaces of liner to receive successive lifts of low-permeability soil will
be moisture conditioned either by scarification and addition of water where
desiccated, or by discing and air drying where too wet to promote effective bonding
of lifts. Water will be applied with a spray bar applicator by a tank truck or equivalent
methods to achieve uniform distribution following scarification.

Low-permeability soil compaction will be performed in a manner to achieve
continuous and complete keying together of all segments of low-permeability soil
construction. Stepped joints will be utilized to connect any lateral segments of low-
permeability soil construction.

Preconstruction planning will be done to sequence construction activities which
minimizes the length of time any completed low-permeability soil surfaces are
exposed prior to receiving protective cover. Protective cover will be provided by
installation of the geomembrane. Surfaces will be maintained until protective cover is
placed.

Construction of the composite liner system, consisting of both the floor and sidewalls,
will be done in accordance with the low permeability earth liner specifications and the
minimum liner strength will be consistent for both the floor and sidewalls.

Construction of the low-permeability soil layers or features will proceed only during
favorable climatic conditions.

No frozen soils will be used for low-permeability soil construction. Any frozen soils in
the compaction work area will be removed.

The final surface of the low-permeability earth liner and final cover barrier soil will be
compacted with a smooth drum roller to provide a level surface for installation of the
geomembrane liner. Preconstruction planning will be done to minimize the need for
traffic over the completed liner surface. Heavy trucking of materials and cleated
equipment will not be allowed directly on completed liner surfaces. If this is
unavoidable, an evaluation will be made upon termination of the haul route to
determine if the liner should be reconstructed or repaired in such areas. Floatation-
type all-terrain vehicles will be used to assist in deployment of the geomembrane liner
to avoid disruption of the completed low-permeability soil liner surface.

When the completed compacted low-permeability soil is exposed prior to
geomembrane deployment, moisture conditioning of the liner surface will be
employed as necessary to prevent desiccation.

8.2 Sampling Requirements and Acceptance  Criteria

Field and laboratory sampling frequencies are based on proportionate sampling of
construction areas or volume of material placed. This section describes required analysis,
methods, sample frequency, and acceptance limits. The COIA will perform field tests and
collect soil samples for laboratory analysis.
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8.2.1 Field Testing

The following field testing methods will be used by the COIA during construction of low-
permeability soils:

Parameter Method
Moisture Content & Soil Density ASTM D6938

Field density and moisture content tests will be performed at a minimum frequency of 5
tests per acre per lift (6-inch) for the final cover barrier soil and for the low-permeability
earth liner. Field density and moisture content tests will be performed at a minimum
frequency of 1 test per 1,000 cubic yards for the compacted foundation fill, containment
berms, temporary and permanent berms, stormwater basin dikes, and fill embankments.
At a minimum, at least one field density/moisture content test will be conducted per lift
and at least one test per day of compacted low-permeability soil construction. This
sampling distribution will confirm that compaction is spatially uniform. A nuclear density-
moisture gauge will be used for field moisture and density determination.

8.2.2 Field Testing Acceptance Criteria

Acceptance criteria for field density and moisture content of the compacted foundation fill and
low-permeability earth liner will require soil compaction to a minimum of 95 percent of the
Standard Proctor maximum dry density, or to a minimum of 90 percent of the Modified Proctor
maximum dry density, at a moisture content equal to or greater than optimum. The
acceptance criteria for field density and moisture content of the final cover barrier soil and
the containment berms, temporary and permanent berms, stormwater basin dikes, and fill
embankments will require soil compaction to a minimum of 90 percent of the Standard Proctor
maximum dry density, or to a minimum of 85 percent of the Modified Proctor maximum dry
density. Visual inspections will be performed to verify that the soil is free of organics (roots,
leaves, grasses, etc.) and that the maximum size of the stones/clods in the soil is
approximately 3 inches.

8.2.3 Laboratory Testing

Routine laboratory testing of the compacted low-permeability soils will be performed on
samples from the low-permeability soil borrow area and in-place low- permeability soils
collected by the COIA. Samples for determining in-place properties will be collected by an
appropriate method for obtaining intact, undisturbed samples. Soil characteristics will be
determined from representative samples.

Undisturbed Sample Analysis

Laboratory hydraulic conductivity of the in-place low-permeability earth liner will be
completed:

Hydraulic conductivity ASTM D5084 or SW 846-EPA Method 9100
The hydraulic conductivity testing frequency is based on the USEPA Technical Guidance

Document, which states that if a test pad has demonstrated that the field-scale hydraulic
conductivity is satisfactory, the QA program for the actual soil liner should focus on
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establishing that the actual liner is built of similar materials and to equal or better
standards compared to the test pad, and that laboratory hydraulic conductivity testing is
not necessary. This Section describes the procedures to be implemented to ensure that
the actual liner is built of similar materials and to equal or better standards compared to
the test pad. Given the historical consistency of the soils available on-site, an industry
standard hydraulic conductivity testing frequency of 1 per 10,000 cubic yards of low-
permeability soil placed is included in this CQA Plan as an added measure of liner
performance. At the discretion of the CQA Officer, the hydraulic conductivity testing
frequency may increase if borrow sources change.

The CQA Officer shall also have the discretion to forgo Internal Shear Strength Testing
provided the test liner results satisfy the material requirements specified in Table 13.

Representative Sample Analysis

Representative (grab) samples will be obtained on the basis of three criteria. First, an
initial sample will be obtained from the low-permeability soil borrow source and analyzed
prior to construction. This will confirm soil characteristics and provide an initial maximum
dry density value for compaction testing. The representative sample obtained for the test
liner may be used to satisfy this initial sample requirement. Second, routine samples will
be obtained for every 10,000 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 value used for compaction testing may be adjusted
during the course of liner construction based on the results of the above sampling.

The following laboratory analyses will be performed on all representative samples
obtained:

Parameter Test Method

Moisture-Density Relationship ASTM D698 or ASTM D1557
using Standard or Modified
Proctor Compaction

Atterberg Limits ASTM D4318

Grain-size Analysis* ASTM D7928 (particle size smaller than no.
200 sieve)
ASTM D6913 (particle size larger than no. 200
sieve)

Soil Classification per USCS ASTM D2487

(Unified Soil Classification System)
* The former grain size analysis standard (ASTM D422) was withdrawn by ASTM in 2016.

At a minimum, one representative sample per soil source per construction season shall
be collected be analyzed for remolded hydraulic conductivity at 95% of the Standard
Proctor density (or 90 of the Modified Standard Proctor density) for the low-permeability
earth liner and compacted foundation fill, and 90% of the Standard Proctor density (or
85% of the Modified Proctor density) for the final cover barrier soil and detention basin
sidewalls as follows:

Remolded Hydraulic Conductivity = ASTM D5084 or SW846-EPA Method 9100
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Interface shear testing of the low-permeability earth liner and final cover barrier soil to the
geosynthetics will also be completed per ASTM D5321. Testing shall be conducted at
least once prior to use and upon change in materials (including soil type) comprising the
interface, and at least once every 18 months. The CQA Officer shall determine if a change
in soil type has occurred that warrant interface shear testing of materials that interface
with that soil type. See Table 12 for the required specifications.

Laboratory Testing Acceptance Criteria

%o Hydraulic conductivity shall be no greater than 1 x 10”7 cm/s for low-permeability
earth liner and compacted foundation fill.

%0 Percent passing No. 200 sieve shall be at least 50% for the low-permeability earth
liner.

%o Hydraulic conductivity shall be not greater than 1 x 10° cm/s for final cover barrier
soil and detention basin sidewalls, as required by stormwater detention basin
design details.

%0 Percent passing No. 200 sieve shall be at least 20% for final cover barrier soil.

%0 Plasticity index shall be at least 4% for low-permeability liner, as long as hydraulic
conductivity is no greater than 1 x 10”7 cm/s.

%o Plasticity index shall be at least 4% for stormwater detention basin sidewalls, as
long as hydraulic conductivity is no greater than 1 x 10 cm/s.

%o Plasticity index shall be at least 4% for the final cover barrier soil. Pl less than 4%
may be acceptable, as long as hydraulic conductivity is no greater than 1 x 10°
cm/s.

%o Internal shear strength of the low-permeability soils must meet the shear strength
window requirements in Table 13. The average of the samples shall be used to
determine compliance with the project specifications, however no single test shall
be less than 75% of the specified strength value.

%o Atterberg Limits and Grain Size Analysis will be used to classify soils per the
USCS. Clay soils with USCS classification as CH, CL, or CL-ML are acceptable
for low-permeability earth liner material. Soils with USCS classification as CH, CL,
CL-ML, ML, SC, or SM/SC are acceptable for the final cover barrier soil material
and for the detention basin sidewall material, provided they meet the hydraulic
conductivity specification.

8.3 Surveying

The top of low-permeability soil liner and final cover barrier soil will be surveyed on the same
100-foot grid pattern and other locations surveyed for subgrade grades. Other locations
include breaks in grade, toe of slope, and top of sideslopes. In the alignment of undercuts for
leachate collection lines, top of liner elevations will be surveyed at 50-foot intervals. Vertical
survey tolerance will be 0.0 to +0.1 foot, and horizontal tolerance will be 0.5 foot. The low-
permeability soil liner thickness will be determined at all surveyed locations and reported in
table fashion. The minimum acceptable low-permeability earth liner thickness will be 5 feet
perpendicular to the slope. The minimum acceptable final cover barrier soil thickness will be
2 feet perpendicular to the slope. The location and elevation of all samples will be recorded.
Devices may be employed to document final cover barrier soil thickness.
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9.0 GENERAL SOILS

General soils will be used for construction of the final cover protective cover soil layer, which
consists of at least 36 inches of fill with the upper 6 inches capable for supporting vegetation.
Stormwater berms are also to be constructed as protective cover soil. General soils may be
any inorganic soil, except rock, and will be obtained from on-site stockpiles or directly from
the subgrade excavation. Generally, these soils will consist of segregated excavation soils
that do not meet the low-permeability soil liner soil specifications. For general soils used for
construction of final cover protective cover soil layer, the first lift above the geosynthetics in
the final cover will not contain stones greater than 2-inches diameter or other sharp objects
that could damage the underlying geosynthetics, and the upper 6-inches will consist of
natural, fertile top soil. Alternatively, the upper 12-inches of the cover will be amended with
fertilizer or other approved material to ensure turf establishment. High odor potential materials
will not be used to amend protective cover soils. Seeding, fertilizing, and mulching of general
soils for establishment of vegetation is discussed in Section 18.0.

9.1 Procedures and Observation

The COIA will observe general soil placement activities and document relevant observations
to support certification of the following requirements:

%o The COIA will confirm the source and uniformity of general soils used. Soil excavation
and placement will be monitored for segregation and removal of unsuitable material
and for changes in soil type that may affect maximum dry density values used for
determining percent compaction.

%0 The Construction Contractor will segregate and/or remove unsuitable materials such
as boulders and organic material.

%0 General soils used for the final cover protective layer construction shall not be
compacted; however, loose lift thickness shall not exceed 36 inches.

%o Confirm that the soil over geosynthetic materials on the final cover sideslopes is
placed from bottom of the slope upwards toward the top of the slope.

%0 No frozen soils will be used for general fill construction.

%0 Prior to seeding, the final protective layer will be worked to prepare a suitable seed
bed.

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

9.2 Sampling Requirements and Acceptance  Criteria

Field and laboratory sampling frequencies are based on proportionate sampling of
construction areas or volume of material placed. This Section describes required analysis,
methods, sample frequency, and acceptance limits. The COIA will perform field tests and
collect soil samples for laboratory analysis. General soils placed for the final cover protective
cover soil layer are not to be compacted, and thus field testing, sampling, and laboratory
analysis will not be conducted.

9.2.1 Field Testing

No field testing will be required for the protective cover soils.
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9.2.3 Laboratory Testing

Laboratory testing of the protective cover soil will be performed on representative samples
from the general fill source and on representative samples of in-place fill collected by the
COIA.

Representative Sample Analysis

Representative (grab) samples will be obtained for an initial sample will be obtained from
the general fill source and analyzed prior to construction. In the event that changes in
physical appearance or soil characteristics are observed, a sample will be obtained and
analyzed.

Parameter Test Method
Soil Classification per USCS  ASTM D2487(Unified Soil Classification System)

Additionally, interface shear testing of the protective cover soil to the geocomposite
drainage layer in the final cover will be completed per ASTM D5321. Testing shall be
conducted at least once prior to use and upon changes in material comprising the
interface, and at least once every 18 months. See Table 12 for the required
specifications and acceptable window.

9.3 Surveying

The top of the protective cover grades will be surveyed on the same 100-foot grid pattern and
other locations surveyed for top of final cover barrier soil grades. Other locations include
breaks in grade and toe, and top of sideslopes. Vertical survey tolerance will be 0.0 to +0.1
foot, and horizontal tolerance will be 0.5 foot. The protective cover thickness will be
determined at all surveyed locations and reported in table fashion. The minimum acceptable
protective cover thickness will be 3 feet normal to the slope. Devices may be employed to
document protective cover thickness.
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10.0 GRANULAR SOILS

Granular soils refer to materials to be used as the granular drainage layer on the landfill base
overlying the geotextile and geomembrane or coarse aggregate to be used for transmission
of leachate and structural support of leachate collection pipes. All granular soils should be
rounded to sub-angular.

10.1 Procedures and Observation

The COIA will observe granular soil placement activities and document relevant observations
to support certification of the following requirements:

%o The COIA shall periodically observe loads of granular soils for general conformance
to material specifications and may randomly sample questionable loads. The COIA
will perform routine conformance sampling.

%0 No tracked or rubber-tired equipment will travel directly on the geomembrane. Only
low-ground pressure equipment may operate over the geomembrane when there is a
12-inch minimum layer of granular drainage material in-place. Procedures for
deployment of pipe, sand, coarse aggregate, and/or geotextiles overlying any placed
geomembranes will be planned at the Pre-Construction Meeting. No equipment shall
apply a ground pressure greater than 5 psi on the geomembrane. Any special
requirements for geomembrane protection and equipment necessary to deploy
materials must be approved by the CQA Officer.

%o In the Site 2 North Expansion a 12 oz/yd? geotextile cushion will be placed between
the geomembrane and granular drainage layer and coarse aggregate in leachate
collection lines, and an 8 oz/yd? geotextile filter will be placed on top of the granular
drainage layer and coarse aggregate to minimize the entry of fines into the leachate
collection system.

%o A minimum of 6 inches of stone shall be placed under leachate collection pipes prior
to pipe placement, and a minimum of 6 inches of stone shall be placed over the top
of leachate collection pipes.

%0 Verify that the granular drainage layer thickness is 1 foot nominal to the surface.

%o If granular soils are stockpiled on-site prior to use, measures should be taken to
minimize contamination by fines such as wind-blown particles and surface soils during
loading operations.

%0 Verify that the coarse aggregate (pipe bedding material) directly abuts the leachate
collection layer placed during a preceding phase of construction and that any
previously placed rainflap has been removed.

%0 Verify that the granular drainage layer (drainage layer material) directly abuts the
leachate drainage layer placed during a preceding phase of construction and that any
previously placed rainflap has been removed.

10.2 Sampling Requirements and Acceptance  Criteria

Field sampling and laboratory testing frequencies are based on proportionate sampling of
construction areas or volume of material placed. This section describes the required analysis,
methods, sampling frequency, and acceptance limits. The COIA will collect soil samples for
laboratory analysis.
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10.2.1 Field Testing

No field testing will be required for granular soils. However, as above, the COIA will perform
visual inspection of granular soils for conformance to material specifications and may
randomly sample questionable loads, per ASTM D4288.

10.2.2 Laboratory Testing

Representative (grab) samples will be obtained from the proposed granular soil source prior
to the delivery of any 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 soils placed will be collected and analyzed as follows:

Soil Type Frequency Parameter Test Method
Drainage Layer 1 test per source Grain size* (particle size larger ASTM D6913
Material per phase than No. 200 sieve)
Drainage Layer 1/5,000 CY Hydraulic conductivity ASTM D2434
Material
Drainage Layer 1/5,000 CY Soil Class. per USCS ASTM D2487
Material
Pipe Bedding 1 test per source Grain size* (particle size larger ASTM D6913
Material per phase than No. 200 sieve)
Pipe Bedding 1 test per source Soil Class. per USCS ASTM D2487
Material per phase

* The former grain size analysis standard (ASTM D422) was withdrawn by ASTM in 2016.

Additionally, interface shear testing of the granular drainage layer and the cushion geotextile
will be completed. This will be completed per ASTM D5321. Testing shall be conducted at
least once prior to use and upon change in materials comprising the interface, and at least
once every 18 months. See Table 12 for the required specifications and acceptable windows.

Laboratory Testing Acceptance Criteria

For laboratory testing acceptance criteria of the granular drainage layer material, see
Table 13.

10.3 Surveying/Thickness Determination

The finished elevation of the granular drainage layer will be documented by one of two
methods to verify its thickness: survey on the same 100 foot grid as the final low-
permeability soil liner surface, or physical measurement of the in-place thickness on a
maximum 100 foot grid. The leachate collection pipe alignments shall be documented at
locations of pipe fittings and intersections (e.g. wyes and tees). Stone placed along leachate
collection pipe alignments will be surveyed for elevation prior to pipe placement and
following pipe backfilling at 50-foot intervals to document the thickness of stone placed
below pipe inverts and above the top of pipe.
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11.0 GEOMEMBRANES

This section of the CQA Plan applies to the high density polyethylene (HDPE) geomembrane
used in the composite liner and the linear low density polyethylene (LLDPE) geomembrane
used in the final cover system.

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 CQA Plan, therefore,
does not contain any QA/QC requirements for factory seaming.

This section is divided into four major subheadings which cover the QA requirements for the
Pre-Installation (includes Resin Manufacturers and Geomembrane Manufacturers),
Installation, Field Seaming, and Post-Installation (includes the final examination of the
geomembranes prior to placing the appropriate material above the geomembrane). The
terms Pre-Installation, 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.

11.1 Pre-Installation

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

The geomembranes must be fabricated from polyethylene resin, and the fabricated
geomembrane must be classified as Type Ill Class C Category 4 or 5 as defined by ASTM
D1248. (Note: these classifications are based on tests performed on the finished product, not
the polyethylene resin used to fabricate the geomembrane.)

11.1.1 Manufacturing

Material Specifications

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

Composite liner on floor and sideslopes 3:1  60-mil Textured HDPE

Final cover on plateau and sideslopes 4:1 40-mil Double-Sided Textured LLDPE

The CQA Officer will confirm that the geomembrane utilized has adequate interface fiction
properties based upon the actual materials/products that are used for construction.

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:

%0 The resin supplier, location of supplier's production plant(s), and resin brand name
and lot number.
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%0 Any test results conducted by the Geomembrane Manufacturer and/or the Resin
Manufacturer testing laboratories to document the quality of the resin used in
fabricating the geomembrane.

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

%0 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 resin shall contain no more than 10% rework (which must originate from
the same resin type as the parent material).

* No post-consumer resin of any type shall be used.

* Natural resin (without carbon black) shall meet the requirements for density,
melt flow index, and oxidative induction time (OIT) as listed on Tables 1 and
3 for HDPE and LLDPE, respectively.

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

» The geomembrane must have no striations, roughness (except for where the
textured geomembrane is specified), or bubbles on the surface.

* The geomembrane must be free of holes, blisters, undispersed raw materials,
or any other sign of contamination by foreign matter.

The Geomembrane Manufacturer will routinely perform specific gravity (ASTM D792)
tests on the raw resin to document the quality of the resins used to manufacture the
geomembrane rolls designated to this project. The results will be submitted to the CQA
Officer.

Manufacturer's Certification

The Geomembrane Manufacturer will provide certification, based on tests performed in
accordance with Tables 1 and 3 (see Section 20) by either the Geomembrane
Manufacturer's laboratory or other outside laboratory contracted by the Geomembrane
Manufacturer, that the geomembrane supplied under this CQA Plan will meet the
specifications listed in Tables 1 and 3.

Additionally, the Manufacturer shall provide certification that the Manufacturer's Quality
Control Plan was (or will be) fully implemented for the geomembrane material supplied
under this CQA Plan. The Manufacturer shall provide documentation to verify results of
the Manufacturer's Quality Control Plan implementation if requested by the CQA Officer.

11.1.2 Delivery, Handling, and Storage of Geomembrane Roles

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 ultraviolet exposure prior to
actual installation.

28 Zion Landfill - Site 2 North Expansion
May 2024



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

%o Name of manufacturer

%o Product type and identification number (if any)

%o Batch lot number

%0 Nominal product thickness

%0 Date of manufacture

%o Roll number

%o Roll length and width
When cores are required for preparing geomembranes for shipment, the contractor shall

require the Manufacturer to use cores with sufficient crushing strength to avoid collapse or
other damage while in use.

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

%0 The Installer shall be responsible for unloading, handling and storing all materials,
supplies, and equipment in accordance with the Manufacturer’'s recommendations.

% While unloading or transferring the geomembrane rolls from one location to another,
prevent damage to the geomembrane itself. The preferred method involves use of a
spreader-bar, straps, and a loader. Do not drag rolls.

%0 Store the geomembrane rolls 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

* Soiling
The COIA will observe and document, throughout the pre-installation, 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 is responsible for means and methods to
implement the work.

The Installer will be responsible for assuring that all materials installed meet specifications.
The COIA 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:

%o Date of receipt of delivery at job-site

%0 For each geomembrane roll the following information will be noted:
) * Roll number

APTIM + Batch lot number
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11.2 Installation

This section includes discussions of geomembrane roll testing requirements, earthwork
required for geomembrane placement, placement of the geomembrane, defects and repairs
of geomembranes, and requirements applicable to other materials in contact with the
geomembranes.

All parties involved in the installation of the geomembrane should be familiar with
geomembranes and should emphasize protection of the geomembrane from damage during
construction activities.

11.2.1 Test Methods

Geomembrane roll samples will be collected by the COIA as per the testing frequency
mentioned in Material Acceptance Specifications Tables included in Section 20 of this CQA
Plan. At least one sample shall also be obtained for each geomembrane production batch in
each shipment. The Installer shall not ship to, nor 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 that the material
comes off the roll, machine direction for any sample will always be along the 3-foot-length
dimension of the sample.

Tables 1 and 3 in Section 20 list the tests and the test methods to be performed on the HDPE
and LLDPE geomembrane roll samples. Specifications and methods used in evaluating the
results are discussed below under Procedures for Determining Geomembrane Roll Test
Failures. Unless specified, preparation of sample specimens will be performed in accordance
with the referenced test method. Results for tear resistance and each of the tensile property
tests will be reported for both the machine and cross direction.

Interface Shear Testing

The Operator will coordinate with the Geomembrane Manufacturer to submit a
representative sample of the geomembranes and other applicable materials (e.g. low-
permeability earth liner/final cover barrier soil materials, granular drainage layer
materials, and geocomposite drainage layer materials) to the Geosynthetic Testing
Laboratory for shear testing.

The following interfaces will be interface direct shear tested prior to each phase of the
Geomembrane installation:

%0 Double-sided Geocomposite Drainage Layer vs. Final Cover 40-mil Textured
LLDPE Geomembrane.

%o Final Cover 40-mil Textured LLDPE Geomembrane vs. Final Cover Barrier Soil.

%0 60-mil Textured HDPE Geomembrane vs. Low-permeability Earth Liner.

) %0 60-mil Textured HDPE Geomembrane vs. 12 oz Cushion Geotextile.
APTIM The Geomembrane interface shear testing combination shall be conducted based on the
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permitted design material at least once prior to first use and upon a change in materials
comprising the interface (change in Manufacturer(s), material or manufacturing process).

Geomembrane-Earth Liner interface shear testing shall be conducted prior to each phase
of Geomembrane installation, and at least once every 18 months. The interface shear
testing frequency can be relaxed to once per 12 acres of additional installed liner for
interfaces which have demonstrated compliance with the specified minimum interface
adhesion and friction angle (or secant angle) criteria during each of the three most recent
interface shear tests that were performed on different lots of geosynthetic materials. The
relaxed testing frequency only applies when the materials comprising the interfaces have
not changed, e.g. the earth materials have not changed appreciably and are from the
same source as previously tested (i.e. the same borrow pit for imported material and the
same geological unit for earth materials obtained onsite). The geosynthetic materials also
must be of the same type and manufacturing process, and sourced from the same
Manufacturer as materials which were previously tested.

Geomembrane-Cushion Geotextile interface shear testing shall be conducted at least
once prior to first use and upon a change in materials comprising the interface (change
in Manufacturer(s), materials or manufacturing process). Interface shear testing shall be
conducted prior to each phase of installation along the landfill sideslopes, and at least
once every 18 months. The interface shear testing frequency can be relaxed to once
every 48 months for materials which have demonstrated compliance with the specified
minimum interface adhesion and friction angle (or secant angle) criteria during each of
the three most recent interface shear tests that were performed on different lots of
geosynthetic materials. The relaxed testing frequency only applies when the materials
comprising the interfaces have not changed, e.g. are from the same Manufacturer(s), and
are of the same type and manufacturing process as materials which were previously
tested.

Geomembrane-Final Cover Barrier Soil interface shear testing shall be conducted prior
to each final cover construction event of Geomembrane installation on the 4:1 (horizontal
to vertical) final cover slopes after the effective date of this CQA Plan, but need not be
retested more than once per construction season.

Geomembrane-Geocomposite Drainage Layer interface shear testing shall be conducted
at least once prior to first use and upon a change in materials comprising the interface
(change in Manufacturer(s), materials or manufacturing process). Interface shear testing
shall be conducted prior to each phase of installation along the landfill sideslopes, and
at least once every 18 months. The interface shear testing frequency can be relaxed to
once every 48 months for materials which have demonstrated compliance with the
specified minimum interface adhesion and friction angle (or secant angle) criteria during
each of the three most recent interface shear tests that were performed on different lots
of geosynthetic materials. The relaxed testing frequency only applies when the materials
comprising the interfaces have not changed, e.g. are from the same Manufacturer(s), and
are of the same type and manufacturing process as materials which were previously
tested.

All interface shear testing results shall meet the window requirements specified in
Table 12.
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Role of Testing Laboratory

The Geosynthetic Testing Laboratory will be responsible for performing the tests on
samples submitted to them as described above under Test Methods. Results of tests
performed will be reported to the CQA Officer and the COIA.

Retesting of geomembrane rolls for quality assurance purposes, because of failure to
meet any or all of the acceptance specifications listed in Tables 1 and 3 (see Section 20),
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 Tables 1 and 3; 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 1 and 3 (see Section 20) list the acceptance specifications for the HDPE and
LLDPE geomembranes. These tables apply to both textured and nontextured
geomembranes. For tests where results are reported for both machine and cross
direction, each result will be compared to listed specification to determine acceptance.

The values listed in the acceptance specifications of Table 1 are from GRI GM-13
Revision 16. The values listed in the acceptance specifications of Table 3 are from GRI
GM-17 Revision 14. If the specifications in GM-13 and GM-17 are further revised in the
future by GRI, the revised specifications will be used.

The following procedure will be used for interpreting results:

%o If the test values meet the stated specifications in Tables 1 and 3 (see Section
20), 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.

%o 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 COIA. 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 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.

%o 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 shall withdraw the rolls from use in the project at the Installer's
sole risk, cost, and expense. The Installer shall be responsible at its sole risk,
cost, and expense for removing this geomembrane from the site and replacing it
with acceptable geomembrane.
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11.2.2 Earthwork

The Construction Contractor will be responsible for preparing the supporting soil according
to the CQA Plans and specifications. The Construction Contractor will remove any stones
greater than 2-inch diameter from the uppermost 6 inches of recompacted low-permeability
soil liner below the geomembrane. Abrupt changes will be removed in grade, including ridges
one inch or more left from smooth drum rolling and cracking greater than 0.5-inches in either
width or depth. For installation of any of the geomembranes, the Installer will certify in writing
that the surface on which the geomembrane will be installed is acceptable. This certification
of acceptance will be reported daily by the Installer prior to the start of geomembrane
installation in the area under consideration. Unacceptable areas noted by the Installer will be
immediately reported to the COIA.

The soil surface will also be examined daily by the COIA to ensure the surface on which the
geomembrane will be installed, does not contain undesirable objects and 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 until
acceptable.

11.2.3 Placement

Location and Layout Drawing

A layout drawing for the geomembrane installation covered by this CQA Plan will be
prepared by the Installer prior to installation and submitted to the CQA Officer, showing
the location of geomembrane panels to be installed and anchorages to be installed. Panel
layout drawings are not required for repairs.

Installation Techniques

Geomembrane panels will be installed using one of the techniques described below. The
Installer will determine the method that best suits the conditions at the time of installation
considering factors such as schedule and weather conditions.

%0 All geomembrane panels are placed prior to field seaming, in order to protect the
underlying soil from rain, etc. Seams may be tack-welded or sand-bagged to
prevent the geomembrane panels from shifting and to maintain proper overlap for
eventual seaming.

% Geomembrane rolls are placed one at a time, and each panel is seamed
immediately after placement.

%0 Any combination of the above two techniques.

If a decision is reached to place all panels prior to field seaming, care should be taken to
facilitate drainage in the event of precipitation. Scheduling decisions must be made during
placement in accordance with varying conditions. The COIA will evaluate every change
in the schedule proposed by the Installer and will advise the CQA Officer on the
acceptability of that change. The COIA will document that the condition of the supporting
soil has not changed detrimentally during installation.
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The COIA will record the roll number, location, and date of each geomembrane panel
installed to document that the placement plan is followed. In addition, the COIA will
document the following:

%0 Equipment used does not damage the geomembrane by handling, excessive
heat, leakage of hydrocarbons, or by other means.

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

%0 Method used to unroll the geomembrane does not cause scratches or crimps in
the geomembrane and does not damage the supporting soil.

%0 Method used to place the rolls minimizes wrinkles and slack.

%o Adequate temporary loading or anchoring (continuously placed, if necessary),
which will not damage the geomembrane, will be placed to prevent uplift by the
wind.

%o Direct contact with the geomembrane will be minimized. The geomembrane will
be protected by geotextiles, extra geomembrane, or other suitable materials, in
areas where excessive traffic may be expected. No direct contact with the
geomembrane by heavy equipment, automobiles, or all-terrain vehicles will be
allowed.

% Method used to construct and backfill the anchor trench to prevent damage to the
geomembrane.

%o Ensure rub sheets are removed to the extent possible following liner installation.

% Confirm that the in-place geomembrane is adequately ballasted to prevent
displacement.

%0 Observe anchor trench backfilling and compaction as specified.

%o The geomembrane anchor trenches shall be constructed to the lines, grades, and
minimum dimensions shown on the drawings and shall be free of loose or
disturbed material, debris, and standing water upon geomembrane placement.

%0 Stones greater than 2 inches in diameter placed within 6 inches of the
geomembrane liner will be removed.

The COIA will inform the CQA Officer and document if any of the above conditions are
not fulfilled.

Weather Conditions

Geomembrane placement will not be performed in an area of ponded water, during
precipitation events, in the presence of excessive winds, or if the ambient air temperature
is less than 32°F or above 104°F (unless demonstrated by the Installer and approved by
the CQA Officer). The COIA will document that this condition is fulfilled. The CQA Officer
will cause to cease or postpone the geomembrane placement when conditions are
unacceptable. With the approval of the CQA Officer, geomembrane placement may be
performed in adverse weather conditions if all necessary steps are taken to provide an
acceptable environment for geomembrane placement and welding.
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Damages

The COIA will examine each panel for damage after placement and 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 COIA. Panel repairs will be made according to the procedures
described below.

11.3 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.

11.3.1 Identification

All seam and non-seam areas of the geomembranes will be examined and documented by
the COIA 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.

11.3.2 Evaluation

Each suspect area identified will be nondestructively tested using the vacuum box test
method. Each location that fails the non-destructive tests will be marked (according to the
marking procedures agreed upon during the preconstruction meeting) and repaired by the
Installer.

11.3.3 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:

%o Patching—used to repair large holes, tears, undispersed raw materials, and
contamination by foreign matter.
%o Grinding and rewelding—used to repair small sections of extruded seams.

%0 Spot welding or seaming—used to repair small tears, pinholes, or other minor,
localized flaws.

%0 Capping—used to repair large lengths of failed seams.

%0 Removal and replacement—used to replace nonconforming or damaged panels or
portions thereof.

%0 Others may be used at the recommendation of the Installer if agreed upon by the
CQA Officer and the COIA.

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

APTIM  satisfied:
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%0 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.

%o Geomembrane surfaces must be clean and dry at the time of repair.

11.3.4 Examination of Repairs

Each repair will be numbered and logged according to the repair procedures agreed upon
during the preconstruction meeting. Each repair will be nondestructively tested using a
vacuum box for extrusion welds and air-pressure testing for fusion welds. Repairs that pass
the above testing will be considered to be adequately repaired, except that large caps may
be of sufficient extent to require destructive seam sampling and testing, at the discretion of
the COIA.

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

11.3.5 Large Wrinkles

When seaming of the geomembrane is completed, the COIA will examine the geomembrane
for wrinkles and determine which wrinkles should be cut and repaired by the Installer. Each
repair will be numbered, logged and nondestructively tested to the procedures agreed upon
during the preconstruction meeting.

11.4 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 to determine
openings or gaps along the seams. 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.

11.4.1 Seam Layout

The Installer will provide the CQA Officer and the COIA with seam layout drawings for each
geomembrane installation covered by this CQA Plan showing each expected seam. The CQA
Officer will review the seam layout drawing and document that it is consistent with the
accepted practice and the design plans and specifications. Any variations of consequence,
such as a change in overall seam direction, shall be reviewed by the CQA Officer before
proceeding with seaming of said variations of consequence.

In general, horizontal seams will not be allowed on slopes steeper than 10 percent. However,
at the discretion of the CQA Officer this practice may be modified. In corners and at other
odd-shaped geometric intersections, the number of seams should be minimized. A seam
numbering system comparable and compatible with the geomembrane roll numbering system
will be agreed upon at the Preconstruction Meeting.
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11.4.2 Seaming Equipment

The approved process for production field seaming (roll to roll) are the dual track fusion- type
welding seam method and the extrusion welding process. Specialty seams and repair seams
(non-production) will be done by the extrusion welding process. No other processes can be
used without prior written authorization from the CQA Officer and the COIA. Dual-track
welding should be used on panel-to-panel seams whenever possible.

Dual Track Fusion Welding Process

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

%o An automated self-propelled type of apparatus will be used.

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

%0 One spare operable seaming device will be maintained on site at all times.
%0 Equipment used for seaming should not damage the geomembrane.

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

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

%o For seam intersections the intersecting dual track seams shall be patched.

%o 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 usage.

%o A small movable piece of geomembrane may be used directly below each
geomembrane overlap that is to be seamed to prevent buildup of water and/or
moisture between the geomembrane sheets. The geomembrane piece is slid
along the overlap as the seaming progresses. This piece is removed when the
seam is completed.

The COIA will perform the following tasks relative to the use of dual hot wedge seaming
devices:

%o Log apparatus, ambient air, and geomembrane surface temperatures, and
apparatus-operating temperatures and speed at appropriate intervals.

%o Document that the Installer maintains on site the number of spare operable
seaming devices agreed upon at the Pre-Construction meeting.

%o Document that equipment used for seaming is not likely to damage the
geomembrane.

%o Document that for cross seams, the intersecting dual hot wedge seam is patched
using the extrusion fillet process described below.

%o Document that the electric generator is placed on a smooth base such that no
damage occurs to the geomembrane.
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%o Document that a smooth insulating plate or fabric is placed beneath the hot
equipment after usage.

%0 Document if a small movable geomembrane layer is used directly below each
geomembrane overlap that is to be seamed to prevent buildup of water and/or
moisture between the geomembrane sheets.

Extrusion Welding 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:

%0 The welding apparatus will be equipped to continuously monitor temperature at
the nozzle.

%0 One spare operable seaming device will be maintained on site at all times.
%0 Equipment used for seaming should not damage the geomembrane.

%0 The geomembrane should be protected in areas of heavy traffic to prevent
damage.

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

%o 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 usage.

%o Grinding geomembrane surfaces for welding preparation shall not be performed
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 should be compatible with the
geomembrane liner material and contain the same grade and quality of polyethylene resin
as used in the base material.

The Installer and COIA will perform the following tasks relative to the use of extrusion
welding devices:

%o Log apparatus (machine number/ ID), extrudate, ambient air, and geomembrane
surface temperatures at appropriate intervals.

%o Document that the Installer maintains on site the number of spare operable
seaming devices agreed upon at the Pre-Construction meeting.

%0 Document that equipment used for seaming is not likely to damage the
geomembrane.

%o Document that the extruder is purged prior to beginning a seam until all heat
degraded extrudate has been removed from the barrel.

%o Document that the electric generator is placed on a smooth base such that no
damage occurs to the geomembrane.

%o Document that grinding is completed no more than 1 hour prior to seaming.
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%o Document that a smooth insulating plate or fabric is placed beneath the hot
equipment after usage.

11.4.3 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 seaming a minimum of 2,000,000 ft> 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. At least 90% of the seams shall
be completed by seamers who have installed at least 100,000 ft? of geomembrane.

The Installer will provide a list of proposed seaming personnel and their experience records
to the CQA Officer and the COIA for their review and approval.

11.4.4 Weather Conditions

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

%0 Unless otherwise authorized in writing by the CQA Officer, no seaming will be
attempted or performed at an ambient temperature below 32°F or above 104°F.
%. Geomembrane will be dry and protected from the wind.

%0 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.

%o 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 32°F and below 104°F, and that the overall quality of the
geomembrane is not adversely affected.

The COIA will document the following items:

%o Ambient temperature at which seaming is performed.
%o Any precipitation events occurring at the site, including the time of such occurrences.

The COIA will inform the CQA Officer if any of the weather conditions are not being fulfilled.
The CQA Officer will cause to cease or postpone the geomembrane seaming when weather
conditions are unacceptable.

11.4.5 Overlapping and Temporary Bond

The Installer will be responsible for the following:

%0 Panels of geomembranes have a finished overlap of a minimum of 3 inches for
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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.

%0 No solvents or adhesives will be used on the geomembranes 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.

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

The COIA will log all appropriate data and information for the above requirements.
11.4.6 Trial Seams

Trial seams will be made on fragment pieces of geomembrane representative of actual
material to be used to document that seaming conditions are adequate. Trial seams will be
made at the beginning of each day of seaming period, and at least once every five hours
thereafter, for each seaming apparatus used 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 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.

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

The COIA will observe all trial seam procedures. A minimum of five specimens, each 1 inch
wide, will be cut from opposite ends of the trial seam sample by the installer. The remainder
of the sample shall be given to the COIA. The specimens will be subject to in field shear and
peel tests conducted in accordance with the most recent edition of ASTM D6392. The weld
visually must appear continuous and homogeneous and the test seam shall meet the current
peel and shear strength criteria stipulated in the most current version of GRI-GM19a as noted
in Tables 2 and 4 for HDPE and LLDPE, respectively.

If a specimen fails, a second trail seam shall be made, inspected, and tested. If the second
test also fails, 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 COIA as follows:
%o The sample will be assigned a number and marked as to welding apparatus used and

seamer name.

%o The date, time, applicable welding equipment operating temperatures, and ambient
temperature at the time of seaming.

%0 Whether the sample passes or fails.

The COIA will observe all trial seam procedures. The COIA may randomly select trial field
samples for destructive testing by the Geosynthetic Testing Laboratory. Testing frequency
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will be at the discretion of the COIA.

If a trial seam sample fails a destructive test performed by the Geosynthetic Testing
Laboratory, according to the acceptance criteria, 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 COIA to the Geosynthetic
Testing Laboratory and, if any of them fails the tests, the procedures described in Destructive
Seam Testing 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
Destructive Seam Testing has already been taken and passed.

11.4.7 Seam Preparation

The Installer will meet the following conditions for each of the geomembrane installations
covered by this CQA Plan:

%o Prior to seaming, the seam area is clean and free of moisture, dust, dirt, debris of any
kind, and foreign material.

%o If seam overlap grinding is required, 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.

%0 Seams will be aligned so as to minimize the number of wrinkles and "fishmouths."

11.4.8 General Seaming Procedures

Unless otherwise specified, the general seaming procedures to be used by the Installer for
each of the geomembrane installations covered by this CQA Plan, and observed by the COIA,
will be as follows:

%o As much as practical, field seaming shall start from the top of the slope down. Tack
welds (if used) shall use heat only; no double sided tape, glue or other method will be
permitted,;

%0 The completed liner shall not exhibit any "bridging” or "trampolining” (i.e., lifting of
geomembrane off the subgrade surface due to excessive tension on the
geomembrane) at the time protective cover or other materials are being placed over
the Geomembrane;

%0 Dual hot wedge fusion welding shall be used wherever possible;

%0 Fishmouths or wrinkles at the seam overlaps shall be "walked out" if possible or cut
along the ridge of the wrinkle in order to achieve a flat overlap and the cut fishmouths
or wrinkles seamed or patched,

%o If seaming operations are to be conducted at night, adequate illumination shall be
provided;

%0 Seaming shall be done under conditions which will eliminate overlap beads, beads
on top of beads, and sharp creases on the bottom of seams;

%o If an extrusion seam must be restarted, the end of the existing extrusion bead must
be ground and the new seaming must start such that there is no less than a 2-inch
overlap of the existing and new beads;
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%0 Seaming shall extend to the outside edge of the geomembrane panels which shall be
placed in the anchor trenches;

%o Grinding shall be completed in accordance with Manufacturer recommendations;
over-ground or improperly ground areas shall be replaced at no expense to Owner.

11.4.9 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. Failure of any of the nondestructive or destructive tests will require the repair
of the failed section.

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

The COIA will perform the following:

%o Observe all nondestructive seam testing, and examine all 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.

%0 Document location, date, test unit number, name of tester, and outcome of all testing.

%0 Inform the Installer and CQA Officer of any required repairs.

%o Confirm that appropriate repairs are made and that the repairs are retested
nondestructively with passing results.

Air Pressure Testing

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

%0 An air compressor or hand pump equipped with a pressure gauge and regulator
capable of producing and sustaining a pressure of 50 psi and mounted on a
cushion to protect the geomembrane surface.

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

%0 Air pressure monitoring device capable of indicating 150% of the minimum
allowable testing pressure.

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

%o Seal both ends of the seam to be tested.

%0 Insert needle or other approved pressure feed device into the air space at one
end of the fusion welded seam.

42 Zion Landfill - Site 2 North Expansion
May 2024



%0 Energize the air compressor or hand pump and pressurize the air channel to a

pressure of 25-30 psi. Close the valve and observe the pressure response in the
seam air space. The pressure should soon stabilize, and then remain constant

and without fluctuations.

Geomembrane Minimum Test Maximum Test
Thickness (mils) Pressure (psi) Pressure (psi)
40 25 30
60 25 30

stabilize, locate faulty area, repair and retest seam.

Maximum Permissible Pressure Differential

Geomembrane Pressure Time Period
Thickness (mils) Difference (psi) (minutes )
40 4 2
60 3 5

%0 Record the initial test pressure in the seam. The results below must be met:

%o If pressure loss exceeds Maximum Permissible Pressure Differential or does not

%o If pressure loss does not exceed the Maximum Permissible Pressure Differential
over the time period outlined in the table above, then the seam is considered to
have passed the nondestructive test.

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

For any seam interval which fails the air pressure nondestructive test, additional
nondestructive testing or visual inspection shall be used to identify, if possible, the faulty
area of the seam. The faulty area shall be repaired and retested. If the faulty area cannot
be identified, then the entire seam shall 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 non-seam areas. Vacuum box testing shall be completed in accordance with
ASTM D5641.

Vacuum box testing equipment must meet the following minimum standards:
%0 A five-sided vacuum box with an open bottom, a clear viewing panel on top, and

a pliable gasket attached to the bottom.

%0 A vacuum assembly equipped with a pressure controller and pipe connections
capable of achieving a vacuum of 10 psig.

%o A vacuum gauge on the tank with a minimum operating range of 0 to 10 psig and
a vacuum gauge on the vacuum box with a minimum operating range from 0 to
10 psig.

) The following procedure will be used in performing the vacuum box test:
APTIM
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%0 Step 1: Seams to be tested should be clean and relatively free from soil or foreign
objects that might prohibit a good seal from being formed between the vacuum
chamber and the geomembrane.

%0 Step 2: Energize the vacuum pump and reduce the tank pressure to
approximately 24 inches of water vacuum (or approximately 3 psig).

%0 Step 3: Wet a strip of geomembrane approximately twice the size of the vacuum
box with the soapy solution.

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

%0 Step 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 of water should be used for testing with the maximum allowable testing
pressure never exceeding 10 inches of water vacuum.

%o Step 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.

%0 Step 7: Remove the vacuum box by first closing the vacuum valve and 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.

%0 Step 8: If bubbles appear through the geomembrane, the defective area should
then be marked for repair. All repairs must be nondestructively tested with passing
results.

%0 Step 9: Move the vacuum box along the seam to be tested, overlapping the
previously tested area by no less than three inches.

11.4.10 Destructive Seam Testing

Destructive seam testing will be performed on the geomembrane seams covered by this CQA
Plan. Destructive seam testing is performed to determine the strength of the seam in both
shear and peel failure modes. Destructive seam testing should 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 Geosynthetic Testing Laboratory. Samples will not be taken near high tensile stress
areas.

Location and Sampling Frequency

The COIA will select locations where seam samples will be cut out for the destructive
testing. Test locations will be determined during seaming at the COIA'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.

The minimum frequency of sample collection will be one test location per every 500 lineal
feet of seam length per welder-seamer, per day unless otherwise approved by IEPA.
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Sampling Procedure

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

%0 Assign a sample number and mark accordingly.
%0 Record sample location on layout drawing.

%0 By sample number, record the reason for collecting the sample (e.g., as part of
statistical testing program, suspicious seam, etc.).

%0 Note on the sample, for the peel test, which geomembrane is the top and which
is the bottom with respect to seams performed using dual hot wedge or fusion
weld techniques.

%0 Record pertinent information including date, time, seaming unit number, seam
number, and the name of the seamer.

Specimens for qualitative field and quantitative 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 should 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 COIA into three parts and
distributed as follows:

%0 A 12-inch-by-14-inch sample will be given to the Installer for testing if so desired.

%0 A 12-inch-by-14-inch sample will be given to the Owner for record storage.

%0 A 14-inch-by-18-inch sample will be transmitted to the Geosynthetic Testing
Laboratory or on-site testing laboratory by the COIA.

The COIA will make periodic reports to the Installer detailing the locations of samples
taken that must be repaired.

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 this Section. The repaired area will be nondestructively tested in accordance with the
requirements of this Section.

Field Test Methods

The two 1l-inch-wide samples for field tensiometer testing described above under
Sampling Procedure will be qualitatively tested for both peel and shear. Quantitative test
results shall be recorded and evaluated against the acceptance specifications listed in
Tables 2 and 4 in Section 20. The seam will be considered as passing if the failure in both
peel and shear does not occur within the seam. If the samples fail the field tensiometer
test, then the seam reconstruction procedures for the repair of the defective seam must
be implemented.
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Laboratory Test Methods

Laboratory testing of the destructive seam samples will be performed by the Geosynthetic
Testing Laboratory or on-site testing laboratory under the direction of the CQA Officer. All
laboratory destructive seam tests, whether performed on trial seam samples or on
samples cut out from production seams, will be performed in general accordance with the
methodology of GRI-GM19a and ASTM D4437, which stipulates that at least five
specimens should be tested in shear and five in peel. Samples will be cut in alternating
order and should also be tested in the order of cutting, to determine if any trend in seam
guality along the length of the sample exists. All specimens will be cut as 1-inch-wide
strips.

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

%0 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 shear and
peel mode, according to ASTM D4437 as modified by GM-19a.

%o 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 that failure occurred at will be noted on the results.

%o 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. The loci will be defined in accordance
with GM-19a.

For seam shear tests, specimens should be inserted in the test machine with gauge
lengths of 1 inch between each edge of the seam and the adjacent grip. The crosshead
speed will be 2 inches per minute.

Parameters monitored during the test will be load and crosshead displacement. The test
may be terminated when the crosshead has moved 2 inches.

For peel tests, specimens will be inserted in the tensile machine, so grips are no closer
than 1 inch to the edge of the seam. The grips may be closer than 1 inch only if there is
insufficient material to allow insertion at this setting. All seam peel specimens will be
tested 2 inches per minute crosshead speed.

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

%o Maximum tension in pounds per inch

%0 Elongation at break indicating at what percentage the specimen failed (up to a
tested maximum of 100)
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%o The locus of failure using the above designations
For peel tests, the following values will be reported for each specimen tested:

%0 Maximum tension in pounds per inch
%0 Seam separation expressed as percent of original seam area
%o Locus of failure

Role of Testing Laboratory

The Geosynthetic Testing Laboratory or on-site testing laboratory will be responsible for
performing the tests on samples submitted to them as described above. Results of tests
performed will be reported to the CQA Officer and the COIA. 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 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 different from those obtained by the
Geosynthetic Testing Laboratory or on-site laboratory, may only be used to request a
retesting by the Geosynthetic Testing Laboratory or on-site testing laboratory. All quality
assurance test results from the Geosynthetic Testing Laboratory or on-site laboratory
govern over any test results from the Geomembrane Manufacturer of 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 destructive testing procedures
defined above under Field Test Methods and Laboratory Test Methods. Procedures for
repairing failed seams are given in this Section of this CQA Plan.

Results from the shear and peel tests for the HDPE and LLDPE geomembranes will be
evaluated against the criteria in Tables 2 and 4.

All tabular criteria for each respective geomembrane type must be met for a given seam
to be considered acceptable.

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:

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

%0 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 are taken
and tested. If the laboratory tests are acceptable, then the seam is reconstructed
between these intermediate locations. If either sample fails, then the process is
repeated until acceptable destructive seam tests have been performed in both
directions away from the original failed sample location. All retesting of seams,
according to this procedure, will use the sampling methodology described above
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under Sampling Procedure.

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

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

11.5 Post-Construction

Each geomembrane covered by this CQA Plan will be examined by the COIA. Any defects,
whether due to failed seams, pinholes, or other penetrations, will be repaired. Deployment of
the geotextile cushion and placement of the drainage layer material shall proceed as soon
as practical following the COIAs testing and acceptance of completed geomembrane areas.

For pipe penetrations and appurtenances, the Installer and COIA shall verify that the following
requirements are met:

%0 Seaming performed on and pipe penetrations, and other appurtenances will be non-
destructively tested according to one of the following methods: (1) vacuum box
method; (2) spark testing according to Manufacturer's recommended procedures; (3)
factory testing, along with certification, of prefabricated seams (i.e., pipe boots).

%o The geomembrane has not been visibly damaged while making connection to sumps
and appurtenances; and

%o Installation of the geomembrane in the area of the pipe penetrations and connections
of the geomembrane to these structures and appurtenances have been made
according to the approved engineering plans and shop drawings.

For soils placed above the geomembrane (or geotextile), the COIA shall document that the
following general criteria is met:

%0 Do not place soils on the geomembrane at an ambient temperature below 32°F, nor
above 104°F, unless otherwise specified.
%0 Do not drive equipment used for placing the soil directly on the geomembrane.

%o A minimum thickness of 1 foot of soil is specified between a low ground pressure
dozer (maximum contact pressure of 5 psi) and the geomembrane.

%0 A minimum thickness of 2 feet of soil is specified between tracked equipment (contact
pressures exceeding 5 psi) and the geomembrane.

%o A minimum thickness of 3 feet of soil is specified between rubber-tired vehicles and
the geomembrane, including areas of heavy traffic.

%0 The geomembrane (geotextile) shall be covered within 30 days of completing
geomembrane quality control and quality assurance testing.

11.6 Leak Location Survey

APTIM A leak location survey may be performed after completion of installation of geomembrane
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liner and/or drainage layer blanket, in accordance with ASTM D7007, Standard Practices for
Electrical Methods for Locating Leaks in Geomembranes Covered with Water or Earth
Materials, or an equivalent method approved by the CQA Officer and Owner.

APTIM
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12.0 GEOTEXTILES

This section of the CQA Plan applies to non-woven geotextiles used in the final cover and
leachate extraction system as cushion and filter geotextiles. A 12-ounce geotextile cushion
will be placed over the geomembrane liner prior to placement of the leachate drainage layer
material in the Site 2 North Expansion. An 8-ounce geotextile filter will be placed on top of
the leachate drainage layer in the Site 2 North Expansion. And a 6-o0z/yd? geotextile layer
will be placed on top of the coarse aggregate bedding of the underdrain collection pipe
system.

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

12.1 Pre-Installation

12.1.1 Manufacturing

Material Specifications

The following list specifies the required geotextile materials for construction of the Site 2
North Expansion:

Composite liner

Above coarse aggregate bedding of the underdrain collection 6 0z/yd?
pipe system
Above granular drainage layer/coarse aggregate on composite liner 8 ozlyd?

and sideslopes

Below granular drainage layer/coarse aggregate on composite liner 12 ozlyd?
and sideslopes

The Geotextile Manufacturer shall provide the Project Manager and the CQA Officer with a
list of guaranteed properties for the type of geotextile to be supplied. The Geotextile
Manufacturer shall provide the Project Manager and the CQA Officer with a written
certification signed by a responsible party that the geotextile actually delivered has properties
that meet or exceed the guaranteed properties. Material property values are provided in
Tables 5, 6, 7, and 8.

Quality Control Requirements

Every roll of geotextile for delivery to the site must be manufactured and inspected by the
Geotextile Manufacturer, according to the following requirements:
%0 The geotextile must contain no needles used for punching.

%0 The geotextile must be free of holes and any other sign of contamination by
foreign matter.
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12.1.2 Delivery, Handling, and Storage of Geotextile Rolls

Each geotextile roll, for use 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, identify each roll 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.

%o Each roll label will contain the following information at a minimum:
* Name of manufacturer (or supplier)
» Style and type number
» Unit weight (ounces per square yard)
* Roll length and width
e Batch (or lot) number
* Nominal product thickness
» Date of manufacture
» Direction for unrolling
* Roll number

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

%o When cores are required, use those that have a crushing strength sufficient to avoid
collapse or other damage while in use.

%0 Cover each roll with a wrapping material that will protect the geotextile from damage
due to shipment, water, sunlight, or contaminants.

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

%o While unloading or transferring the geotextile rolls from one location to another,
prevent damage to the wrapping or to the geotextile itself. If practicable, use fork lift
trucks fitted with poles that can be inserted into the cores of rolls. Be sure that the
poles are at least two-thirds the length of the rolls to avoid breaking the cores and
possibly damaging the geotextile. Do not drag rolls.

%0 Store the geotextile rolls to ensure that they are adequately protected from the
following:

e Precipitation
« Ultraviolet radiation, including sunlight

e Strong oxidizing chemicals, acids or bases

¢ Flames, including welding sparks
e Temperatures in excess of 160°F
) e Soiling

APTIM
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The COIA will be responsible throughout the pre-installation, installation, and post-installation
periods for observing and documenting that the Installer provides adequate handling
equipment used for moving geotextile rolls and the equipment and that the handling methods
used do not pose any risk of damage.

The COIA will be responsible for making certain that the Manufacturer, type, and thickness
of each roll are correct. The COIA will also 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:

%0 Date of shipment from Geotextile Manufacturer
%0 Date of receipt of delivery at job-site
%0 For each geotextile roll the following information will be noted:

¢ Roll number

e Batch lot number

12.2 Installation

This section describes the quality assurance requirements applicable to the installation of
non-woven geotextiles.

12.2.1 Placement

The Installer will install all geotextiles in such a manner to ensure that they are not damaged
in any way and in a manner that complies with the following:

%0 On sideslopes, the geotextiles will be securely anchored and then rolled down the
slope, or each roll will be mounted on a spreader bar suspended from a loader, lift, or
similar heavy equipment and the geotextile will be unrolled by pulling down the slope.
Geotextile panels will be deployed in such a manner as to continually keep the
geotextile in tension.

%o In the presence of winds, all geotextiles will be secured by other suitable methods.
The temporary weighted material will be left in place until replaced with cover material
as shown on the design plans and specifications.

%o In-place geotextiles will be cut with special care to protect other materials from
damage that could be caused by the cutting of the geotextiles.

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

%0 During placement of geotextiles, 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.

%0 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 COIA will observe and document that each of the above steps are performed by the
Installer. Any honcompliance with the above requirements will be reported by the COIA to
APTIM the CQA Officer.
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12.2.2 Seams and Overlaps

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

%0 Geotextile seams will be joined by overlapping, continuously sewing, wedge welding,
or other methods approved by CQA Officer. Geotextiles will be overlapped by 6
inches. Seaming and stitching, if performed, will be done in the middle of the overlap.

%0 The Installer will pay particular attention to seams to ensure that no deleterious
earthen materials could be inadvertently trapped beneath the geotextile.

%0 Sewing will be performed with thread made from the same base material as the
geotextile, or suitable equivalent

The COIA will be responsible for observing and documenting that the above provisions are
performed by the Installer in an acceptable manner. Any noncompliance with the above
requirements will be reported by the COIA to the CQA Officer.

Any holes or tears in the geotextile can be repaired as follows:
%o A patch from the same geotextile will be sewn or heat bonded in place with a 12- inch

minimum overlap in all directions.

%0 Care will be taken to remove any soil or other material that may have penetrated the
torn geotextile.

%o The COIA will observe and document that the repair of any geotextiles is performed
according to the above procedure.

12.3 Post-Installation
12.3.1 Final Examination

The COIA will perform a final geotextile examination after installation of each geotextile layer
has been completed. The objectives of the final examination are as follows:
%0 Examine for presence of holes, tears, or other deterioration.

%0 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.

12.3.2 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:

%0 Damage of the geotextile.
%0 Slippage of the geotextile on underlying layers.
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%0 Excessive tensile stresses imposed on the geotextile.

The COIA shall document that the following general criteria is met:

%0 Do not place soil on the geotextile at an ambient temperature below 32°F nor above
104°F, unless otherwise specified.

%0 Do not drive equipment used for placing the soil directly on the geotextile.

APTIM
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13.0 GEOSYNTHETIC CLAY LINER

Geosynthetic Clay Liner (GCL) shall be installed in the leachate collection sumps, placed in
between the low-permeability soil liner and Geomembrane liner. A summary of the required
physical properties of the GCL can be found in the attached Table 11 (Geosynthetic Clay
Liner Properties).

This section is divided into three major subheadings which cover the quality assurance
requirements for Pre-Installation (includes GCL Manufacturers), Installation, and Post-
Installation (includes the final examination of the GCL prior to placing the appropriate material
above it). The terms Pre-Installation, Installation, and Post-Installation are applicable only to
the geonet installation and do not apply to the overall construction of the landfill facility.

13.1 Pre-Installation
13.1.1 Manufacturing

The GCL Manufacturer shall provide the Project Manager and the CQA Officer with a list of
guaranteed properties for the type of GCL to be supplied. The GCL Manufacturer shall
provide the Project Manager and the CQA Officer with a written certification signed by a
responsible party that the GCL actually delivered has properties that meet or exceed the
guaranteed properties. Material property values are provided in Table 11.

13.1.2 Delivery, Handling, and Storage of GCL Rolls

Each GCL roll for use at the landfill facility will be marked by the GCL Manufacturer with the
following information and in the following manner:

%o Identify each roll 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.

%o 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 lot number
%0 Date of manufacture
%o Direction for unrolling
%0 Roll number

The GCL Manufacturer will use the following guidelines in packaging and preparing all geonet
rolls for shipment:

%0 When cores are required, use those that have a crushing strength sufficient to avoid
collapse or other damage while in use.
The following practices should be used as a minimum in receiving and storing GCL rolls in
the covered storage area at the job-site:

%o While unloading or transferring the GCL rolls from one location to another, prevent
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damage to the GCL. If practicable, use fork lift trucks fitted with poles that can be
inserted into the cores of rolls. Be sure that the poles are at least two- thirds the length
of the rolls to avoid breaking the cores and possibly damaging the GCL. Do not drag
the rolls.

%0 Store the GCL rolls to ensure that they are adequately covered to protect from the
following:

* Precipitation

» Ultraviolet radiation, including sunlight

e Strong oxidizing chemicals, acids or bases

* Flames, including welding sparks

e Temperatures in excess of 160°F

e Soiling
The COIA will be responsible throughout the pre-installation, installation, and post-
installation periods, for observing and documenting that the Installer provides adequate

handling equipment used for moving geonet rolls and that the equipment and handling
methods used do not pose any risk of damage.

13.2 Installation

This section describes the quality assurance requirements applicable to the installation of
GCL rolls.

%  Ensure subgrade has been smooth rolled and free of debris, wheel ruts, sticks,
rocks, or roots larger than 1 inch,

%o  Disapprove GCL deployment during inclement weather such as heavy rain, wind,
show, etc. unless specifically approved by the CQA Officer,

%o  Observe the GCL for defects prior to, during and after placement,

%o  Verify that the panels are placed as shown on the approved drawing, or as
otherwise approved by the CQA Officer,

%  Confirm that adjoining panels are overlapped, shingled, and loose granular
bentonite has been applied in between.

%o  Confirm rub sheets are utilized for textured liner components installed above GCL,
%o  Observe the Contractor's methods of placing and constructing the GCL into the
leachate sumps, along with the overlying liner components to confirm that such

methods do not damage the GCL, and

%  Confirm that the in-place GCL is adequately ballasted to prevent displacement.
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13.3 Post -Installation

The COIA will perform a final GCL examination after installation has been completed. The
objectives of this step are as follows:

% Examine for presence of tears or defects.

%o Examine overlaps and observe for excessive slack or wrinkles.
If any portion of the GCL requires repairs or replacements due to the above examination,

they will be performed. The COIA will document the result of the final examination, including
any subsequent repairs or replacements.

APTIM
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14.0 GEOCOMPOSITE

This section of the CQA Plan applies to geocomposites installed within the final cover
drainage layer slopes and as required on floor subgrade and sideslope excavations. The
double-sided geocomposite liner shall consist of non-woven 6-0z/yd? geotextile fabric heat
bonded to the top and bottom of a geonet.

This section is divided into three major subheadings, which cover the quality assurance
requirements for Pre-Installation, Installation, and Post-Installation. The terms Pre-
Installation, Installation, and Post-Installation are applicable only to the geocomposite
installation and do not apply to the overall construction.

14.1 Pre-Installation

The Geocomposite Manufacturer will provide the project manager and the CQA Officer with
a list of guaranteed properties for the type of geocomposite to be supplied, per Tables 6 and
9 in Section 20 of this Plan. The Geocomposite Manufacturer will provide the project manager
and the CQA Officer with a written certification signed by a responsible party that the
geocomposites actually delivered have properties that meet or exceed the guaranteed
properties. Material property values are provided in Table 10.

14.1.1 Interface Shear Testing

Additionally, the Operator will coordinate with the Geocomposite Manufacturer to submit a
representative sample of the geocomposite to the qualified laboratory independent of the
Geocomposite Drainage Layer Manufacturer for shear testing. Interface shear testing shall
be once per construction season installation (or change in the manufacturer, materials, or
manufacturing process) of the 4H:1Vor greater final cover slopes, and at least once every 18
months, as applicable:

%o Geocomposite Drainage Layer vs. Protective Cover Soll

%0 Geocomposite Drainage Layer vs. 40-mil Textured LLDPE Geomembrane
The geocomposite interface shear testing shall not be required for repairs and/or installations

totaling less than 1,000 square feet individually, and 10,000 square feet combined over a 12-
month period.

14.1.2 Delivery, Handling, and Storage of Geocomposite Rolls

Each geocomposite roll, for use at the landfill facility, will be marked by the Geocomposite
Manufacturer with the following information and in the following manner:

%o When fabric is rolled on a core, identify each roll 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.

%o Each roll label will contain the following information at a minimum:
» Name of manufacturer (or fabricator)
» Style and type number
* Roll length and width
e Batch lot number, if applicable
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« Date of manufacture
» Direction for unrolling
e Roll number

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

%o When cores are required, use those that have a crushing strength sufficient to avoid
collapse or other damage while in use.

%0 Cover each roll with a wrapping material that will protect the geotextile from damage
due to shipment, water, sunlight, or contaminants.

The following practices should be used as a minimum in receiving and storing geocomposite
rolls in the covered storage area at the job-site:

%0 While unloading or transferring the geocomposite rolls from one location to another,
prevent damage to the geocomposite. If practicable, use fork lift trucks fitted with
poles that can be inserted into the cores of rolls. Be sure that the poles are at least
two-thirds the length of the rolls to avoid breaking the cores and possibly damaging
the geocomposite. Do not drag the rolls.

%0 Store the geocomposite rolls to ensure that they are adequately covered to protect
the geocomposite 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
The COIA will be responsible throughout the pre-installation, installation, and post-
installation periods for observing and documenting that the Installer provides adequate

handling equipment used for moving geocomposite rolls and that the equipment and handling
methods used do not pose any risk of damage.

The COIA will maintain a log of geocomposite roll deliveries. The following information, at a
minimum, will be recorded on the log for each shipment received at the job-site:
%0 Date of shipment from Geocomposite Manufacturer
%o Date of receipt of delivery at job-site
%o For each geocomposite roll, the following information will be noted:
* Roll number

e Batch lot number, if applicable
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14.2 Installation

This section describes the quality assurance requirements applicable to the installation of
geocomposites.

14.2.1 Placement

The Installer will install all geocomposites in such a manner as to ensure that they are not
damaged in any way and in a manner that complies with the following:

%0 On sideslopes, the geocomposites will be securely anchored and then rolled down
the slope, or each roll will be mounted on a spreader bar suspended from a loader,
lift, or similar heavy equipment and the geocomposite will be unrolled by pulling down
the slope. Geocomposite panels will be deployed in such a manner as to continually
keep the geonet in tension. If necessary, the geocomposite will be positioned by hand
after being unrolled to minimize wrinkles.

%o In the presence of winds, all geocomposites will be secured by suitable methods. The
temporary weighted material will be left in place until replaced with cover material as
shown on the design plans and specifications.

%o Cutting should be done according to Manufacturer's recommendations.

%o The Installer will take necessary precautions to prevent damage to any underlying
layers during placement of the geocomposite.

%0 During placement of geocomposites, care will be taken not to entrap any stones,
excessive dust, or moisture that could cause clogging of the drainage system, and/or
stones that could damage the adjacent geomembrane.

The COIA will observe and document that each of the above steps are performed by the
Installer. Any noncompliance with the above requirements will be reported by the COIA to
the CQA Officer.

14.2.2 Overlaps and Joining

The following requirements will be used with regard to the overlapping and joining of
geocomposite rolls:

%o The geonet portion of the geocomposite shall be overlapped a minimum of 4 inches.
The geonet shall be joined by HDPE or nylon ties every 5 feet. At panel ends, the
geonet shall be overlapped 12 inches and joined by HDPE or nylon ties every 12
inches.

%0 Geocomposite end seams to be covered with a strip of same geotextile (1-ft W x Panel
L) after being joined by ties and heat bonded to geocomposite.

%o The geotextile portion of the geocomposite shall be overlapped a minimum of 6
inches. The geotextile above the geonet shall be continuously sewn or wedge welded
along the length of the roll per the Manufacturer’'s recommendation.

%0 The Installer will pay particular attention to the overlap areas to ensure that no earthen
or foreign materials could be inadvertently trapped beneath the geocomposite.

%o Adjoining roll lengths in anchor trenches shall be connected using HDPE or nylon ties
spaced no farther than 6 inches.
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The COIA will observe and document that each of the above steps are performed by the
Installer. Any noncompliance with the above requirements will be reported by the COIA to
the CQA Officer.

14.2.3 Repairs

Any tears or other defects in the geocomposite will be repaired by placing a patch extending
a minimum of 2 feet beyond the edges of the hole or tear. The patch will be secured to the
original geocomposite by tying the geonet component every 6 inches and heat bonding or
sewing the geotextile component. If the tear or other defect width is more than 50 percent of
the roll width, the damaged area will be cut out and replaced with new geocomposite material.
Tying devices will be as indicated above. The COIA will examine and document that the
repair of any geonets is performed according to the above procedure.

14.3 Post -Installation
14.3.1 Final Examination

The COIA will perform a final geocomposite examination after installation of each
geocomposite layer has been completed. The objectives of this step are as follows:
%0 Examine for presence of tears or defects

%o Examine overlaps to make certain that they are in conformance with the requirements.

If any portion of the geocomposite requires repairs due to the above examination, they will
be performed according to the procedures established for that portion.

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

14.3.2 Placement of Soil Materials

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

%o Damage of the geocomposite

%o Slippage of the geocomposite on underlying layers

%o Tensile stresses

%o Time delays due to inclement weather or construction sequencing to the extent
practical
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15.0 PIPING

This section of the CQA Plan applies to piping used throughout the facility. Piping will be used
for conveying leachate from the leachate extraction system and landfill gas and condensate
from gas extraction system. Piping will also be used to collect and discharge water from the
final cover drainage layer.

Quality assurance efforts relating to the manufacturing, fabricating, delivery, initial on-site
handling, installation and Post-Construction observations will be the responsibility of the
COIA.

This section is divided into three major subheadings, which cover the QA requirements for
the Pre-Installation (includes piping Manufacturers and fabricators), Installation, and
Post-Installation (includes the final observation and documentation of piping installations prior
to installation of other materials over and around the pipe). The terms Pre-Installation,
Installation, and Post-Installation are applicable only to the piping installation and do not apply
to the overall construction.

As a typical representation of the piping to be used throughout the facility, pipes will be SDR
17 and will range in size from 2 inches to 24 inches in diameter depending upon the required
piping application. 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
should be used for the determination of correct size and wall thickness.

15.1 Pre-Installation

This section describes the QA measures that are applicable to the polyethylene (PE) or
polyvinyl chloride (PVC) resin Manufacturers, piping manufactures, piping fabricator used to
perforate the pipe, and finished piping delivery to the site prior to installation.

15.1.1 Manufacturing

Material Specifications

The HDPE pipe used must be made from extra high molecular weight polyethylene (PE)
resin, and the manufactured piping must be classified as Type lll, Class C, Category 5,
Grade P34 material according to ASTM D1248 and also have a cell classification of
345464C as defined by ASTM D3350. The PVC pipe and fittings used shall be
manufactured from a PVC compound which meets the requirements of Cell Classification
12454-B polyvinyl chloride as outlined in ASTM D-1784. Pipe shall be free of paint or
other surface treatment.

Fabricator
The Piping Fabricator will be responsible for perforating the pipe delivered by the Piping

Manufacturer according to the plans and specifications. The Piping Fabricator will be
responsible for preparing and shipping the perforated pipe to the job-site.
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15.1.2 Delivery, Handling, and Storage of Piping

The 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.

The COIA will be responsible throughout the pre-construction, construction, and post
construction periods for observing and documenting that the Installer provide adequate
handling equipment for moving pipe and that the equipment and handling methods used do
not pose any risk of damage. The contractor is responsible for means and methods to
implement the work. The COIA will document that the Manufacturer and the type and size of
each pipe is correct.

15.2 Installation

This section describes the requirements applicable to pipe installation. This section includes
installation, testing, observations, and documentation of piping installation.

15.2.1 Pipe Seams

Unless approved otherwise by the CQA Officer, HDPE pipe seams will be made by the butt
fusion procedure in accordance with Manufacturer's specifications. Care will be taken to
make certain adequate pressures are used for fusing pipes and that sufficient cooling periods
are allowed prior to testing, bending, or backfilling a pipe section. Unless approved otherwise
by the CQA Officer, PVC pipe seams will be in accordance with ASTM D-2855. A coating of
CPS primer as recommended by pipe supplier shall be applied to the entire interior surface
of the fitting socket, and to an equivalent area on the exterior of the pipe prior to applying
solvent cement. The solvent cement shall comply with the requirements of ASTM D-2564
and shall be applied in strict accordance with Manufacturer’s specifications.

15.2.2 Placement Requirements
Pipe placement will be done in accordance with the following procedures and requirements:

%o Piping placement will not be performed in the presence of excessive moisture. The
COIA will document that this condition is fulfilled. Additionally, the COIA will document
that the supporting backfill has not been damaged by weather conditions. The COIA
will inform the CQA Officer if any of the above conditions are not fulfilled for evaluation
of the necessity of corrective action.

%0 The prepared surface underlying the piping has not deteriorated since previous
acceptance, and it is still acceptable immediately prior to piping placement.

%o Each piping system will be flushed with water. The COIA will observe and document
that each flushing operation is carried out and will document that the pipes are free
flowing. Any system that does not flush properly will be immediately reported to the
CQA Officer, and corrective action will be taken to remedy the problem.

%0 Method used to place the piping does not cause damage to the piping and does not
disturb the supporting backfill.

%0 The COIA will observe and document all pipe installation. Deviations from the plans
and specifications will be brought to the attention of the CQA Officer for evaluation of
the necessity of corrective action.
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%0 Observations and measurements should be made to ensure that the pipes are the
specified size, manufactured of the specified material, and that pipe perforations are
sized and spaced as specified.

%0 All piping should 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 should be made to insure the pipes are
placed at the specified locations and grades, and the specified configuration.
Observations should be made throughout the construction to ensure that backfilling
is completed as specified in the plans and specifications and that, in the process, the
pipe network is not damaged.

%0 Non-perforated pipe will be pressure tested: Landfill gas and gravity flow leachate
pipes shall be pressure tested at 5 psi for 60 minutes; condensate pipe and forcemain
pipes shall be pressure tested at 50 psi for 60 minutes; air supply lines shall be
pressure tested at 150 psi for 60 minutes.

15.2.3 Damages

The COIA will examine each pipe after placement for damage. Damaged pipes or portions of
pipes which have been rejected will be marked and removed from the installation area and
documented by the COIA.

15.3 Post -Installation

Pipe inverts (or top of pipe elevations) and coordinate locations shall be surveyed at 50- foot
intervals and at all tee connection locations. The maximum allowable tolerance for grade is
0.10 feet at each location. The minimum average slope shall be in accordance with the design
drawings.
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16.0 SURFACE WATER CONTROL FACIL ITIES

The CQA Plan applies only to permanent surface water control facilities, including retention
basins, overflow structures, culverts, ditches, riprap, erosion matting, diversion berms,
flumes, and velocity dissipaters. Temporary facilities such as silt fencing and temporary
diversion berms are not subject to the requirements of this CQA Plan but may be subject to
the facility’s SWPPP.

16.1 Procedures and Observation

Construction observation by the COIA will be required for some, but not all, drainage facilities.
Generally, construction observation will be required for drainage features that will be
backfilled and cannot be subsequently documented. This will be the case for culverts greater
than 50 feet in length and any required undercuts, i.e., undercut for riprap placement, etc.
Other structures, including basins, ditches, and diversion berms, can be documented in-place
following construction as soil testing will not be required for these structures.

The following procedures and observations will be used for the construction of surface water
drainage facilities.

%o Detention basins will be constructed by excavating soils to the designed basin grades.

%0 Drainage ditches will be constructed by excavation of existing soils along the ditch
alignment.

%o Low-permeability soil cover quality soil will be used for construction of diversion
berms. The Construction Contractor shall employ reasonable compaction
procedures; however, soil testing will not be required.

%o The Construction Contractor shall employ reasonable compaction procedures for
backfilling culverts; however, soil testing will not be required.

%o The COIA will observe the placement of filter fabric below riprap areas.
%o The COIA will field verify the placement of erosion matting.

%0 The COIA will observe the installation of basin overflow structures and verify
components and sizes. Backfill procedures will be observed to verify reasonable
compaction; however, testing will not be required.

%0 Low-permeability soil cover quality soil will be used for construction of spillway berms.
The Construction Contractor shall employ reasonable compaction procedures;
however, soil testing will not be required.

16.2 Survey ing and Acceptance Criteria

Adequate survey information shall be obtained in the field following basin construction to plot
the basin contours and prepare a record drawing. If a post- construction aerial topo is
obtained, the topo will be supplemented with key spot elevations obtained from this survey.
The survey information shall be sufficient enough for the CQA Officer to certify that basin
construction has been completed within reasonable conformance with the design plan. The
following tolerances will be observed:

%0 The tolerance for ditch invert elevations will be +0.2 feet, providing positive drainage
is maintained.
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%0 Tolerance for diversion berm flow line elevations will be £0.2 feet, providing positive
drainage is maintained.

%o Culvert invert elevations will be surveyed every 50 lineal feet (minimum), and culvert
sizes will be field verified. The tolerance for culvert invert elevations will be +0.1 feet,
providing positive drainage is maintained.

%0 The subgrade and top of riprap areas will be measured at sufficient locations to verify
the required thickness of riprap placement.

%0 Key components of basin overflow structures will be surveyed, including culvert
inverts and inlet elevations. The tolerance for these elevations will be £0.1 feet,
providing positive drainage is maintained.

16.3 Deviations

The surface water design may be modified based upon unexpected conditions encountered
in the field. Deviations from the designs that occur during construction/installation of
stormwater runoff control structures shall be noted on the record drawings and accompanied
by calculations showing that the hydraulic carrying capacity remains sufficient and erosion
control principles were followed. Such deviations may include, but not be limited to, alternate
slopes, locations, cross-sections, points of discharge and methods of erosion control.
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17.0 GAS EXTRACTION WELLS

This section of the CQA Plan applies to standard gas extraction wells and vertical gas
extraction caisson wells. Perforated high-density polyethylene (HDPE) or Polyvinyl Chloride
(PVC) piping will be used for construction of the gas extraction wells. Horizontal gas
extraction piping will be installed in accordance with the requirements in Section 15.0 of this
CQA Plan.

Individual pipe sizes and standard dimension ratios (SDRs) to be used for each individual
well installation are not detailed in this CQA Plan, rather the design and construction drawing
plans should be used for the determination of correct size and wall thickness.

17.1 Installation of Gas Extrac tion Wells

The CQA Officer will observe well installation activities for conformance with the following
procedures:

17.1.1 Drill or Bore Extraction Wells

The gas extraction wells will be drilled with minimum 36-inch diameter augers at the locations
shown on the Drawings and to the total depth of the waste as directed by the CQA Officer.
The CQA Officer (or surveyor) will survey and record the coordinates and surface elevation
at each borehole location and obtain the corresponding landfill base elevation using available
information. The depth to the landfill base will be calculated and provided to the driller. The
driller will carefully monitor the auger depth and end each boring 10 feet from the landfill base.
The actual location of the well may be adjusted if difficulty in drilling is encountered (rock,
cables, metal, etc.) with approval of the CQA Officer. All wells will be drilled without drilling
fluids.

All boreholes, regardless of depth, will be covered by plywood, barricaded, surrounded by
orange safety mesh, or otherwise secured. Immediately after drilling and until completion of
the well seal, an earthen berm around the borehole will be constructed and maintained to
divert stormwater. All wells will be completed immediately after drilling to prevent loss of holes
due to sloughing.

17.1.1.1 Waste Disposal

Drill cuttings shall be loaded and transported by the end of each day to the working face of
the landfill and/or covered with approved daily cover or alternative daily cover material.

17.1.1.2 Well String

The well string is to be fabricated after completion of the boring and determination of actual
well depths. This will allow for proper determination of perforated pipe length and proper
finished elevation for the wellhead.

The well string, consisting of perforated and solid sections of HDPE or PVC pipe, will be
joined together using the butt fusion process or glued and lag bolted, respectively according
to the pipe Manufacturer specifications. A copy of the recommended fusion procedure
supplied by the Manufacturer of the pipe used will be maintained on site at all times. The
CQA Officer will inspect fused joints on the well string. Unacceptable joints will be cut out and
re done.
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The well string will be placed into the borehole and suspended. The well string will be
centered and held in tension by the use of blocks, chains, etc., until the entire gravel pack
and well seal has been installed.

17.1.1.3 Gravel Pack

The casing and gravel pack will be installed in the wells as soon as drilling is completed to
prevent the loss of the holes due to sloughing.

The 1"- 3" stone should be carefully poured into the annular space. Care should be taken to
keep the gravel clean and to keep the well string centered as much as possible. The gravel
pack should be installed to a minimum of 1 foot above the perforations.

17.1.1.4 Geonet Layer and Lower Bentonite Plug

A geonet with heat bonded geotextile on one side shall be installed above the gravel pack to
isolate the bentonite plug or seal from the gravel.

Following placement of the isolation layer, the lower bentonite plug is to be installed as
follows:

%o The lower well seal will be formed by evenly distributed one 50 Ib. bag of dry Baroid
"Benseal" or an approved equal around the annulus of the well and then adding 5
gallons of fresh water in a manner that will allow for a thorough saturating of the
bentonite material. This process will be continued until a minimum plug thickness of
three feet has been achieved.

%0 For proper installation of this well plug, the bentonite material must be placed evenly
around the annulus before hydrating or gelling.

17.1.1.5 Soil Backfill

Above the lower bentonite plug, the boring annulus shall be backfilled with soil backfill up to
the level indicated on the Drawings. Care must be taken in order to distribute the backfill
around the annulus in a manner to provide as much compaction as possible.

17.1.1.6 Upper Bentonite Plug

Formation of the upper bentonite plug will be achieved in the same manner as described for
the lower bentonite plug. A minimum thickness of 3 feet shall be achieved. The intent of this
top plug is to tie into the existing cover or material while providing a positive seal against the
well pipe. Actual field conditions encountered may require various adjustments or
modifications to the plug as designed.

17.1.1.7 Well Completion

The wellhead assembly, or approved equal, will be attached to the pipe casing with a flexible
coupling and stainless steel clamps. The lateral shall be connected with flex hose, clamps
and a flexible coupling. After installation of the header system, lateral connections will be
made to the well heads and the remote wellheads for the leachate cleanout risers.
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17.1.2 Caisson Wells

Vertical gas extraction caisson wells may be installed in the landfill. Well construction may
commence at either the top of the constructed granular drainage layer or installed after
several lifts of waste. The primary components of the caisson well include a perforated well
casing pipe for gas extraction, caisson pipe, and coarse aggregate. Caisson wells are similar
to a traditional standard well; however, a perforated pipe will be used for the entire length of
the well casing pipe until final conversion to a standard well.

For caissons installed starting from the top of the granular drainage layer, caisson well
construction consists of placing of a minimum 3-foot diameter 10-foot tall column of coarse
aggregate on the granular drainage layer. The stone column is constructed during initial
waste placement. The well casing pipe and caisson pipe will be placed on top of the coarse
aggregate column, and the annular space between the caisson and well casing pipes will be
backfilled with coarse aggregate. The caisson pipe will typically be constructed of 36-inch
HDPE pipe with an HDPE flange adapter welded to the top of the pipe. A larger diameter
PVC slip cap will be temporarily placed on top of the perforated well casing pipe to inhibit
deleterious materials and foreign objects from entering the well casing. Once the caisson is
placed and backfilled with stone, the PVC slip cap will be removed, and the caisson top
assembly will be placed over the perforated pipe.

Caisson wells that are installed after multiple waste lifts, an additional 20-foot by 20-foot
coarse aggregate pad is centered above and in direct contact with the minimum 3-foot
diameter 10-foot tall coarse aggregate column on the granular drainage layer. The stone pad
is typically a minimum 2-feet thick and constructed during the initial waste lift placement.
After the waste mass reaches the designated thickness over the stone pad, the caisson well
is drilled in the same manner as traditional drill or bore extraction wells in Section 17.1.1 to
the stone pad. The well casing pipe is placed, the borehole is backfilled with coarse aggregate
and the caisson pipe and flange adapter installed per the design drawings.

Caissons wells will be raised as waste elevation increases. At the commencement of each
caisson raising event, if necessary, the well will be disconnected from the gas collection and
control system and the vacuum lateral riser will be properly capped and sealed. The caisson
top will then be unbolted to expose the interior well casing pipe. With the perforated well
casing pipe exposed, additional perforated pipe will be glued and lag bolted onto the existing
well.

Once the perforated well casing pipe is extended, the caisson assembly will be gradually
pulled up out of the waste mass using an excavator or equivalent. Waste will be placed
around the raised caisson pipe at the required elevation for stability and protection during site
operations. Once raised, additional stone will be placed in the annular space between the
caisson and well casing pipes as needed. When the caisson top is reinstalled at the end of
each raising event and bolted down, a flexible coupling and wellhead will be placed on the
top of the caisson to allow the well to be placed into service for landfill gas extraction.

As waste reaches final grades, the caisson wells will be converted to standard wells, including
installation of the geonet, bentonite plugs and solid pipe lengths consistent with design
details. The caisson pipe will be permanently removed and the converted well will be added
to the landfill gas collection network.
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17.1.3 Documentation

The CQA Officer, with assistance from the Installer, will prepare an installation log for each
extraction well including the following information:

% Number of Well Boring (from Site Plan Drawing)

%0 Date of Boring

%o Total Depth of Boring

%0 Ground Surface Elevation

%0 Soil/Waste Profile

%0 Well Completion Details (including perforated length)

%o Waste Temperature

%o Other

APTIM
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18.0 SEEDING, FERTILIZING, AND MULCHING

Specifications for vegetative work shall follow Sections 250 and 251, “Seeding” and
“Mulching”, in the lllinois Department of Transportation (IDOT) Standard Specifications for
Construction. Seeding mixture should comply with Table 1 or equivalent as approved by the
Engineer, with the specific seed mixture to be determined based on the planting time and
location (sloped or flat area).
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19.0 LEACHATE STORAGE TANKS

Specifications and installation requirements for the Leachate Storage Tanks will be based on
the specific project and need at the time, type of tank chosen (i.e., shop fabricated, bolted,
single-walled, double-walled, etc.), and the material of construction (i.e., steel, fiberglass,
etc.). Once the type of tank and material of construction is decided for a given specific
application, the Facility will prepare applicable specifications and installation requirements.
Installation will also be done in accordance with the Manufacturer’s specifications.

By field observations, review of the Manufacturer’s literature and installation guidelines, the
CQA Officer will document tank installation and tank capacity, leachate compatibility,
secondary containment and tank integrity. Secondary containment volume should be equal
to 110% of the capacity of the largest tank within each secondary containment structure.
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20.0 MATERIAL ACCEPTANCE SPECIFICATION TABLES

Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9
Table 10
Table 11
Table 12
Table 13

60-mil Textured HDPE Geomembrane Acceptance Specifications
60-mil Textured HDPE Geomembrane Seam Testing Summary
40-mil Textured LLDPE Geomembrane Acceptance Specifications
40-mil LLDPE Geomembrane Seam Testing Summary
Geotextile Tests and Test Methods

6 Oz/Yd? Filter Geotextile Acceptance Specifications

8 Oz/Yd? Geotextile Acceptance Specifications

12 Oz/Yd? Geotextile Acceptance Specifications

Geonet Properties

Geocomposite Properties

Geosynthetic Clay Liner (GCL) Properties

Shear Strength Criteria

Material Testing Methods and Frequency Summary
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Table 1
60-mil Textured HDPE Geomembrane Acceptance Specifications

Test CQA Test
Properties Method Required Values (14) Frequency
Thickness mils (min. ave.) (1) (CT) 60 mil (15)
x Lowest individual for 8 of 10 D5994 57 mil (15) 1 per Roll
x Lowest individual, any of 10 57 mil (16)
Asperity Height mils (min. ave.) (2) (CT) D7466 20 mil 1 per 2 Rolls (3)
Sheet Density (min. ave.) (CT) D1505/D792 0.940 g/cc 1 per 200,000 Ib
Tensile Properties (min. ave.) (4) (CT)
x Yield strength 126 Ib/in.
x Break strength D669I:\’>/Type 90 Ibfin. 1 per 20,000 Ib
x Yield elongation 12%
X _Break elongation 100%
Tear Resistance (min. ave.) (CT) D1004 42 1b 1 per 45,000 Ib
Puncture Resistance (min. ave.) (CT) D4833 90 Ib 1 per 45,000 Ib
. D5397
Stress Crack Resistance (5 500 hr 13
(5) (App.) 13)
Carbon Black Content (range) (CT) D4218 (6) 2.0-3.0% 1 per 20,000 Ib
Carbon Black Dispersion (7) (CT) D5596 ©) 1 per 45,000 Ib

Oxidative Induction Time (OIT) (min. ave.)

(8) . 1 per 200,000 Ib
x Standard OIT D8117 100 min. (23)
or .
X High Pressure OIT D5885 400 min.
Oven Aging at 85°C (8) (9) D5721
x Standard OIT (min. ave.) - % retained D8117 55%
after 90 days 1 per each
or formulation (13)
x High Pressure OIT (min. ave.) - % D5885 80%
retained after 90 days
UV Resistance (8) D7238
x Standard OIT (min. ave.) (11) D8117 N.R. (11)
or 1 per gach
x High Pressure OIT (min. ave.) - % D5885 50% (12) formulation (13)

retained after 1600 hrs (12)

1 per combination

Required Peak Interface Friction Value See Table 12 of materials in liner
(17) D5321 system Cross-
section per

construction period

M

(CT) Conformance testing shall be performed on the geomembrane material by a 3™ party laboratory for these
properties only, at the rates shown above in Table 1.

(1) Lowestreading <« 7 mil.

(2) Asperity height is owner designated and exceeds GRI GM-13, Rev. 16.

(3) Alternate the measurement side for double sided textured sheet.

(4) Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test
specimens each direction.
x Yield elongation is calculated using a gage length of 1.3inches.

x Break elongation is calculated using a gage length of 2.0inches.

(5) The SP-NCTL test is not appropriate for testing geomembranes with textured or irregular rough surfaces. Test
should be conducted on smooth edges of textured rolls or on smooth sheets made from the same formulation
as being used for the textured sheet materials.

(6) Other methods such as D 1603 (tube furnace) or D 6370 (TGA) are acceptable if an appropriate correlation to
D 4218 (muffle furnace) can be established.

(7) Carbon black dispersion (only near spherical agglomerates) for 10 different views:

x 9 in Categories 1 or 2, and
x 1 in Category 3
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Table 1 Notes Continued :

(8) The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content
in the geomembrane.

(9) Iltis also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response.

(10) The condition of the test should be 20 hr. UV cycle at 750C followed by 4 hr. condensation at 600C.

(11) Not recommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the
antioxidants in the UV exposed samples.

(12) UV resistance is based on percent retained value regardless of the original HP-OIT value.

(13) Manufacturer shall provide certification letter.No CQA Testing is Required.

(14) Based on GRI GM-13, Rev. 16. Current GRI standards shall be used in the event of changes to the GRI
specifications.

(15) IEPA regulations are more stringent than GM-13, Rev. 16, specification of 57 mil.

(16) IEPA regulations are more stringent than GM-13, Rev. 16, specification of 51 mil.

(17) See Table 12 for shear strength acceptance criteria.

APTIM
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Table 2

60-mil Textured HDPE Geomembrane Seam Testing Summary

Properties

Test Method (3)

Minimum Field
and Lab Test
Frequency

Acceptance Criteria

Shear Test (2)

ASTM D6392
(excl. Section 6.3,
“Conditioning”)

1 test per 500 If
and at least 1 test
per seaming crew

See GRI GM19a, Rev. 10 or current
version at time of construction.

GRI GM19a per day
ASTM D6392 (excl. 1 test per 500 If
Peel Test (2) .
Hot Wedge Sectllo.n 63 and at Iee}st 1 test See GRI GMlQa, Rev. 10 or current
Fusion “Conditioning”) per seaming crew version at time of construction.
GRI GM19a per day
ASTM D6392 (excl. 1 test per 500 If
Peel Test Section 6.3, and at least 1 test See GRI GM19a, Rev. 10 or current
Fillet Extrusion “Conditioning”) per seaming crew version at time of construction.
GRI GM19a per day
sglndsuf:el;{:gkb <3 psi drop in 5 minutes with initial
Air-Pressure ASTM D5820 - y pressure 25-30 psi, following an initial
Air Pressure ; :
relaxation period.
AI\'/VZ'QQLE;ZCK Examine weld for approximately 10
Vacuum ASTM D5641 9 seconds through window at vacuum of

extrusion seams
tested by Vacuum

minimum 3 psig

M

(1) Locus of break codes are provided in ASTM D6392 and GRI GM19a, Rev. 10. Current GRI standards shall be
used in the event of changes to the GRI specifications.
(2) For double fusion welded seams, both tracks shall be tested for compliance with minimum property values listed

above.

(3) Destructive seams will be evaluated for strength parameters according to ASTM D6392 (excluding section 6.3
“Conditioning”) and GRI GM19a. Destructive seams will be evaluated for elongation during cold weather seaming.
Refer to Cold Weather Operations section of CQA Plan.
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40-mil Textured LLDPE Geomembrane Acceptance Specifications

Table 3

Test Required Values
Properties Method (12) CQA Test Frequency
Thickness mils (min. ave.) (CT) 40 mil (13)
x Lowest individual for 8 of 10 D5994 38 mil (14) 1 per Roll
x Lowest individual for any of 10 38 mil (15)
Asperity Height (min. ave.) (1)(2) (CT) D7466 20 mil 1 per 2 Rolls
Sheet Density (max.) (CT) D1505/D792 0.939 g/cc 1 per 200,000 Ib
Tensile Properties (min. ave.) (3) (CT) D6693 Type 60 Ibfin.
x Break strength 1 per 20,000 Ib
. \ 250%
x Break elongation
2% Modulus (max.) D5323 2400 Ib/in 1 per eaCFl‘;‘;rm”'a"O”
Tear Resistance (min. ave.) (CT) D1004 22 1b 1 per 45,000 Ib
Puncture Resistance (min. ave.) (CT) D4833 44 1b 1 per 45,000 Ib
Axi-Symmetric Break Resistance Strain D5617 30% 1 per each formulation
(min.) (11)
Carbon Black Content (range) (CT) D4218 (4) 2.0-3.0% 1 per 45,000 Ib
Carbon Black Dispersion (5) (CT) D5596 (5) 1 per 45,000 Ib
Oxidative Induction Time (OIT) (min. ave.) (6) 100 min. 1 per 200,000 Ib
x Standard OIT, or D8117 400 min (11)
x High Pressure OIT D5885 )
Oven Aging at 85°C (6) (7)
x Standard OIT (min. ave.), % retained after D5721 35% 1 per each formulation
90 days, or D8117 (11)
x High Pressure OIT (min. ave.) - % 60%
retained after 90 days D5885
UV Resistance (8)
x Standard OIT (min. ave.) (9), or D7238 Note (9) 1 per each formulation
or D8117 (1)
x High Pressure OIT (min. ave.), % retained 35% (10)
after 1600 hrs (10) D5885
1 per combination of
Required Peak Interface Friction Value D5321 See Table 12 materials in cover
(26)(17) system cross-section
per construction period

M

(CT) Conformance testing shall be performed on the geomembrane material by a 3™ party laboratory for these
properties only, at the rates shown above in Table 3.

(1) Asperity Height is owner designated and exceeds GRI GM17, Rev. 14.

(2) Alternate the measurement side for double sided textured sheet.

(3) Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test

specimens each direction.

x Break elongation is calculated using a gage length of 2.0 inches at 2.0 in./min.
(4) Other methods such as D 1603 (tube furnace) or D6370 (TGA) are acceptable if an appropriate correlation to D

4218 (muffle furnace) can be established.

(5) Carbon black dispersion (only near spherical agglomerates) for 10 different views:

x 9 in Categories 1 or 2, and
x 1 in Category 3

(6) The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content

in the geomembrane.

(7) Iltis also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response.
(8) The condition of the test should be 20 hr. UV cycle at 75°C followed by 4 hr. condensation at 60°C.
(9) Not recommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the

antioxidants in the UV exposed samples.

(10) UV resistance is based on percent retained value regardless of the original HP-OIT value.
(11) Manufacturer shall provide certification letter.

(12) Based on GRI GM-17, Rev. 14. Current GRI standards shall be used in the event of changes to the GRI

specifications.

(13) IEPA regulations are more stringent than GRI GM 17, Rev. 14 specification of 38 mil.
(14) IEPA regulations are more stringent than GRI GM 17, Rev. 14 specification of 36 mil.
(15) IEPA regulations are more stringent than GRI GM 17, Rev. 14 specification of 34 mil.
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Table 3 Notes Continued:

(16) Required interface friction value: Equivalent shear strength at anticipated normal loads (in the range of 100 to
500 psf) to achieve required design values.

(17) It is noted that a number of possible definitions of minimum material peak interface strength may exist. If a
material is generally close to the minimum limit, the new data should be used in a stability model to verify the
material’s suitability. See Appendix J.2-A of the Site 2 North Permit Application for the acceptable window.
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Table 4

40-mil Textured LLDPE Geomembrane Seam Testing Summary

Testing
Frequency
Properties Test Method (3) (minimum) Acceptance Criteria
ASTM D6392 1 test per 500 if
(excl. Section 6.3, and at least 1 test See GRI GM19a, Rev. 10 or current
Shear Test (2)

“Conditioning”)

per seaming crew

version at time of construction.

GRI GM19a per day
ASTM D6392 (excl. 1 test per 500 if
Peel Test (2) .
Hot Wedge Sectllo.n 63 and at Iegst 1 test See GRI GMlQa, Rev. 10 or current
Fusion “Conditioning”) per seaming crew version at time of construction.
GRI GM19a per day
ASTM D6392 (excl. 1 test per 500 if
Peel Test Section 6.3, and at least 1 test See GRI GM19a, Rev. 10 or current
Fillet Extrusion “Conditioning”) per seaming crew version at time of construction.
GRI GM19a per day
sghdsu?;st{:gkb <3 psi drop in 5 minutes with initial
Air-Pressure ASTM D5820 . y pressure 25-30 psi, following an initial
Air Pressure ; :
relaxation period.
Al\llvzlgg‘lee;a:jck Examine weld for approximately 10
Vacuum ASTM D5641 9 seconds through window at vacuum of

extrusion seams
tested by Vacuum

minimum 3 psig

M

(1) Locus of break codes are provided ASTM D6392 and GRI GM19a, Rev. 10. Current GRI standards shall be
used in the event of changes to the GRI specifications.
(2) For double fusion welded seams, both tracks shall be tested for compliance with minimum property values listed

above.

(3) Destructive seams will be evaluated for strength parameters according to ASTM D6392 (excluding Section 6.3
“Conditioning”™) and GRI GM19a. Destructive seams will be evaluated for elongation during cold weather

seaming. Refer to Cold Weather Operations section of CQA Plan.
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Table 5
Geotextile Tests and Test Methods

Conformance Testing

Propert y Test Methods (ASTM) Frequency
Apparent Opening Size (AOS) D4751 1 per 540,000 sf
(CT)
Grab Tensile Properties
-Tensile Strength D4632 -
-Break Elongation
Mass per Unit Area D5261 -
Permittivity (2) (CT) D4491 1 per 540,000 sf
Puncture Resistance D4833 -
Trapezoidal Tear D4533 -
UV Resistance D4355 -
Water Flow Rate (2) (CT) D4491 1 per 540,000 sf

(CT) Conformance testing shall be performed on the filter geotextile materials for these properties only.

(1) Geotextile manufacturer(s) shall provide written certification that geotextile material delivered and inventoried on
site meets or exceeds material property values in tables 5, 6, 7 and 8. No additional conformance testing of
received geotextiles is required to be performed.

(2) Property certified for filter geotextile application of tables 6 and 7.
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Table 6
6 0z/yd? Filter Geotextile Acceptance Specifications
Type of Acceptable
Propert y Units Criterion Value (1)
Apparent Opening Size (AOS) mm Minimum 0.210
(CT) '
Grab Tensile Properties (2) Ib MARV
\ % 160
-Tensile Strength 50
-Break Elongation
Mass per Unit Area ozlyd? MARV 6
Permittivity (CT) sec? MARV 1.5
Puncture Resistance Ib MARV 90 (4)
Trapezoidal Tear (2) Ib MARV 65
UV Resistance (3) % Minimum 70
Water Flow Rate (CT) gpm/ft? MARV 110

(CT) Conformance Testing to be performed at the rate shown in Table 5.

(1) Values are based on review of acceptable manufacturer’s specifications and represent production values at the
time this document was prepared.

(2) These tests will be performed and results reported in both the machine and cross directions.

(3) Evaluation to be on a 2.0 inch strip tensile specimens after 500 hours exposure.

(4) Acceptable value for ASTM D4833 testing for puncture strength.

(5) 6 oz/yd? Geotextile is a filter material above the coarse aggregate bedding of the underdrain collection pipe.
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Table 7
8 0z/yd ? Geotextile Acceptance Specifications
Type of Acceptable
Propert y Units Criterion Value (1)
Apparent Opening Size (AOS) mm Minimum 0.180
(CT) '
Grab Tensile Properties (2) Ib MARV
\ % 220
-Tensile Strength 50
-Break Elongation
Mass per Unit Area ozlyd? MARV 8
Permittivity (CT) sect MARV 1.3
Puncture Resistance Ib MARV 120 (4)
Trapezoidal Tear (2) Ib MARV 90
UV Resistance (3) % Minimum 70
Water Flow Rate (CT) gpm/ft? MARV 95

(CT) Conformance Testing to be performed at the rate shown in Table 5.

(1) Values are based on review of acceptable manufacturer’s specifications and represent production values at the
time this document was prepared.

(2) These tests will be performed and results reported in both the machine and cross directions.

(3) Evaluation to be on a 2.0 inch strip tensile specimens after 500 hours exposure.

(4) Acceptable value for ASTM D4833 testing for puncture strength.

(5) 8 ozlyd? Geotextile is approved as filter material above the granular drainage layer and pipe bedding for the Site
2 North Expansion.
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Table 8

12 oz/yd ? Geotextile Acceptance Specifications

Type of Acceptable

Propert y Units Criterion Value (1)
Apparent Opening Size (AOS) mm Minimum 0.150
Grab Tensile Properties (2) (')b MARV
-Tensile Strength 4l 300
-Break Elongation 50
Mass per Unit Area ozlyd? MARV 12
Puncture Resistance Ib Minimum 190 (4)
Trapezoidal Tear (2) Ib MARV 115
UV Resistance (3) % Minimum 70
Water Flow Rate gpm/ft? MARV 60

Values are based on GRI GT12(a), Rev. 2, and based on review of acceptable manufacturer’'s specifications
and represent production values at the time this document was prepared.
These tests will be performed and results reported in both the machine and cross directions.

Evaluation to be on a 2.0 inch strip tensile specimens after 500 hours exposure.
Acceptable value for ASTM D4833 testing for puncture strength.

12 oz/yd? Geotextile is a cushion material between the granular drainage layer and the 60-mil HDPE

geomembrane for the Site 2 North Expansion.
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Table 9

Geonet Properties

Acceptable | Test Methods Acceptance
Propert y Units Value (2) (ASTM) Criteria
Thickness mils 200 D5199 Min. Average
Density g/cu cm 0.95 DI%/ISe?r?(/)I(D;SZ Min. Average
Tensile Strength (MD) Ib/in 45 D5035/7179 Min. Average
Carbon Black Content % 1.5-3.0 D1603/4218 Range
Compressive Strength Ib/in? 120 D6364 Min. Average

Testing will be performed and results reported in both the machine and cross directions.
Values are based on GRI GN 4, Rev. 4, and based on review of acceptable manufacturer’s specifications and
represent production values at the time this document was prepared.
Geonet will be part of 200-mil double-sided geocomposite.
Geonet Manufacturer shall provide written certification that geonet used as part of the geocomposite delivered
and inventoried on site meets or exceeds material property values in Table 9 prior to lamination.
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Table 10
Geocomposite Properties (1)
Acceptable
Properties Units Value Test (ASTM) | Acceptance Criteria
Top and Bottom 6 0z/yd 2 Geotextile Component
Apparent Opening mm .
Size (AOS) (CT) 0.210 D4751 Min. Average
Grab Tensile Ib
Properties (2) % 160 .
-Tensile Strength 50 D4632 Min. Average
-Break Elongation
i 2
Mass per Unit ozlyd 6 D5261 Min. Average
Area
Permittivity (CT) sec? 1.5 D4491 Min. Average
Eun_cture Ib 90 (3) D4833 Min. Average
esistance
UV Resistance (2) % 70 D4355 Min. Average
2
Water Flow Rate gpmft 110 D4491 Min. Average
(CT)
Geonet Core
Geonet Core shall conform to the specifications in Table 9
Completed Geocomposite
Transmissivity (4) gal/min/ft 0.5 D4716 Minimum
Ply Adhesion Ib/in 1.0 D7005 Min. Average

(CT) Conformance Testing of the 6 oz/yd? geotextile to be performed at the rate shown in Table 5.

(1) Design of the Site 2 North Expansion final cover and the underdrain system uses a double-sided geocomposite
with a 6 0z/yd? geotextile on both the top and bottom.

(2) Tests will be performed and results reported in both the machine and cross directions.

(3) ASTM D4833 or D6241 can be utilized for conformance testing.

(4) Per the index specification, Transmissivity (ASTM D4716) of the geocomposite shall exhibit a minimum value of
0.5 gal/min/ft when tested between a geomembrane and geotextile with a gradient of 0.1 under a load of 10,000
psf and a seat time of 15 minutes. See Appendix J.5-C of the Site 2 North Expansion Permit Application to
ensure the transmissivity of the geocomposite meets the required final cover transmissivity.

(5) The geocomposite shall be manufactured by heat bonding the geotextile to the geonet on both sides. No burn
through geotextiles nor glue or adhesive shall be permitted. The bond between the geotextile and geonet shall
exhibit an average peel strength of 1 pound per inch with a minimum peel strength 0.5 pounds per inch according
to ASTM D7005.

(6) Component properties prior to lamination.

(7) Values are based on GRI GN 4, Rev. 4, and based on review of acceptable manufacturer's specifications and
represent production values at the time this document was prepared.

(8) Geocomposite manufacturer shall provide written certification that geocomposite delivered and inventoried on
site meets or exceeds material property values in Table 10. No conformance testing of received geocomposite
is required to be performed.
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Table 11

Geosynthetic Clay Liner (GCL) Properties

Acceptable Test Methods
Properties Unit Value (2) (ASTM) Acceptance Criteria
Bentonite Properties
Swell Index ml/2g 24 D5890 Minimum
Fluid Loss mi 18 D5891 Maximum
Physical GCL (as manufactured)
GCL mass per unit area (1) Ib/sf 0.81 D5993 Minimum
Bentonite mass per unit Ib/sf 0.75 D5993 Minimum
area (1)
Moisture Content % 35 D5993 Maximum
Tensile Strength (MD) Ib/in 23 D6768 Minimum
Peel Strength Ib/in 1.0 D6496 Minimum
Permeability, “or” cm/sec 5x10° D5887 Maximum
Index Flux cmd/sec- 1x10°6 D5887 Maximum
cm?

A

APTIM

(1) Mass of GCL and bentonite is measured after oven drying per the stated test method.

(2) Values are based on GRI GCL 3, Rev. 5, and based on review of acceptable manufacturer’s specifications and
represent production values at the time this document was prepared.

(3) GCL manufacturer shall provide written certification that GCL delivered and inventoried on site meets or exceeds
material property values in Table 11. No conformance Testing of received GCL is required to be performed.

(4) GCL material to be installed in the leachate collection sumps of the Site 2 North Expansion.
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Shear Strength Criteria
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Max. Minimum_ Peak Shear Strength
Normal Strain
Interface Stresses . Friction Angle
(psf) _ Ratg Adhesion (psf) (degrees)
(in/min)
Final Cover System
Protective Cover Soil vs. 0.04
Double-sided Geocomposite Drainage Layer ) Acceptable range between
Double-sided Geocomposite Drainage Layer vs. 250, 0 psf and 21.9°
40-mil Textured LLDPE Geocomposite g(iO(’)OO 0.2 151.8 psf and 0°
and 1,
40-mil Textured LLDPE Geocomposite vs. 0.04 ®)
Final Cover Barrier Soil )
Bottom Liner System (Sideslope and Floor)
Granular Drainage Layer vs. 0.04
12-0z/yd? Geotextile ) Acceptable range between
12-0z/yd? Geotextile vs. 4,200 and 0.2 0 psfand 24.1°
60-mil Textured HDPE Geomembrane 16,800 (9) ) 45 psf and 14.9°
60-mil Textured HDPE Geomembrane vs. 0.04 (20)
Low-permeability Earth Liner )
(1) Interface shear testing shall be performed in accordance with ASTM D5321 for the construction of the Site 2 North
Expansion.
(2) Interface shall be flooded and consolidated under the Normal Stress for at least 24 hours prior to shearing. Samples shall
remain flooded during shearing.
(3) The maximum strain rates may be increased by a factor of 10 following the attainment of peak strength and continue to a
minimal horizontal displacement of 2 inches.
(4) The shear strength criteria for the Final Cover System apply to the lowest interface peak strength.
(5) The shear strength criteria for the Landfill Floor Liner System and Landfill Sideslope Liner System apply to peak strength.
(6) Interface shear strength criteria may be revised upon approval of the design engineer. If the interface shear strength test

results are less than the minimum values reported above, additional slope stability analyses can be performed by a
qualified geotechnical engineer using the interface shear test results. The test results are acceptable if these analyses
demonstrate adequate factors of safety.

Interface shear tests shall be performed on geosynthetic materials representative of the materials that will be used during
construction. Specific rolls used during construction need not be tested.

Minimum peak interface shear strength window for the final cover system was determined in the Site 2 North Expansion
Permit Application for the horizontal and vertical expansion and is shown below. The peak interface shear strength test
results should be within the acceptable range shown below.

Test at confining stresses between 4,200 and 16,800 psf. The latter number represents the peak landfill stress column

as determined by the permit application settlement analysis.
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(10) Minimum peak interface shear strength window for the landfill bottom liner floor system and landfill sideslope liner system
was determined in the Site 2 North Expansion Permit Application for the horizontal and vertical expansion and is shown
below. The peak interface shear strength test results should be within the acceptable range shown below.

Critical Interfaec Adhesion (psf)
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and Leachate Collection
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Table 13

Material Testing Methods and Frequency Summary

Minimu m Testing

Typical Test per

Property Test Method Frequency Lift Specifications
Landfill Foundation Subgrade (Underlies the 5' Earth Liner)
Elevation Survey 100’ grid - N/A
Acceptable range between
Direct Shear or ASTM D3080 1 test per cell . 0 psfand 24.1

Triaxial Shear

construction

45 psf and 14.9°
(see window in Table 12)

Compacted Foundation Fill

Soil Classification

D2487 (USCS)

1 test per 10,000 yd®
or change in material
type

1 test per 8 acres
or per soil type

GM, GC, SC, ML, and CL

Standard or

ASTM D 698 or

1 test per Source

Material Specific

Modified Proctor D 1557
. 3 . 6WDQGDUG 3U
Nuclear Density ASTM D 6938 1 test per 1,000 yd 1 test per 1 acre . ORGLILHG 3UI
Grain Size ASTM 3 . EHORZ P
Distribution D6913/D7928 | LeStper10000yd® | ltestper8acres |, ppoRz 1R
I R Ub0% below No. 200 sieve
Atterberg Limits ASTM D4318 1 test per 10,000 yd® | 1 test per 8 acres PI >10
LL >20%
. . Visual . 9-inch (loose) or thickness of
Lift Thickness Observation Continuous - compactor foot
Elevation Survey 100’ grid - N/A
Triaxial ASTM D5084 or
Laboratory SW 846-EPA 1 test per 10,000 yd® 1 test per 8 acres " [ 7 cmisec
Permeability Method 9100
Low -Permeability Earth Liner ( 5')
1 test per 10,000 yd?® 1 test per 8 acres
Soil Classification D2487 (USCS) or change in material P CH, CL, CL-ML

type

or per soil type

Standard or

ASTM D 698 or

1 test per 10,000 yd?®

1 test per 8 acres

Material Specific

Modified Proctor D 1557
. 1 test per 10,000 * 95% Standard Proctor OR
3 ’

Nuclear Density ASTM D 6938 1 test per 10,000 yd v « 90% Modified Proctor
Grain Size ASTM 3 LMo '
Distribution D6913/D7928 1 test per 10,000 yd 1 test per acre 50% below No. 200 sieve

P1>10 (or Pl >4 if hydraulic

Atterberg Limits ASTM D4318 1 test per 10,000 yd?® 1 test per 8 acres |conductivity is * 1 x 10”"cm/sec)

LL >20%
Lift Thickness Vlsual' Continuous ) 9-inch (loose) or thickness of
Observation compactor foot
. Topographic — R .
Thickness Survey 100’ grid IHHW QRPLQDO
Elevation Survey 100’ grid - N/A
Triaxial ASTM D5084 or

Laboratory SW 846-EPA 1 test per 10,000 yd® | 1 test per 8 acres " [ 7"cmisec

Permeability Method 9100

Internal Shear
Strength (2) (4)

ASTM D 2166, D
2850, or D 4767

1 test per material
type, and at least
once every 18
months

Once per
construction
season or
material change

Acceptable range between
0 psfand 24.1°
45 psf and 14.9°

(see window in Table 12)

Sand Bedding for Granular

Drainage Layer

APTIM

1 test per 5,000 yd?®

Soil Classification D2487 (USCS) or change in material - G
type
Grain Size ASTM 1 test per source per NA Digo " LQ
Distribution D6913/D7928 phase Dgo ” LQ
Sieve Analysis ASTM C136 1 test per 5,000 yd® - ? ILQHV SDVVLQJ

LHYH

WR VXUIDF

VLHYH
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Table 13

Material Testing Methods and Frequency Summary

Minimu m Testing

Typical Test per

Property Test Method Frequency Lift Specifications
Hydraulic 3 j . 4
Conductivity ASTM D2434 1 test per 5,000 yd . [ *em/sec
Thickness Surveying 100’ grid - « -foot normal to surface
HDPE/PVC Pipe
Visual Intact, no cracks, no voids in
Pipe Joints Inspection, Each joint - ' bondin’
ASTM D2657 9
Random
measurements of
: . diameters and hole . I
Dimensions - ; - Design Specifications
spacing, and end
sections of pipe and
fittings
Northing, Ea;tlng, Survey Survey every 50" or - Tolerance of 0.10 feet
and Elevation at joints

Air Pressure
Testing

Pneumatic piping

Leachate forcemain
carrier piping

Leachate forcemain

containment piping

Non-perforated
landfill gas piping

Pressurize to at least 150 psig
for at least 1 hour — No greater
than 5% drop

Pressurize to at least 50 psig
for at least 1 hour — No greater
than 5% drop

Pressurize to at least 50 psig
for at least 1 hour — No greater
than 5% drop

Pressurize to at least 5 psig for
at least 1 hour — No greater
than 5% drop

Visual physical

d - Each lot - Equal to manufacturer’s data
properties
Washed Gravel Envelope/Backfill for Leachate Collection (Pipe Bedding)
Grain Size 1 test per source per Digo < 2.5in.
Distribution ASTM D6913 phase NA Dgo < 1.35in.
. . Visual 1 observation every . I
Lift Thickness observation 100’ - Design Specifications
Gravel Backfill for Landfill Gas  Extraction Wells
Grain Size ASTM 1 test per source per o .
Distribution D6913/D7928 phase NA 1.0in. "D "3.01in.

Final Cover Barrier Soil ( 2')

Soil Classification

D2487 (USCS)

1 test per 10,000 yd?®
or change in material

type

1 test per 8 acres
or per soil type

CH, CL, CL-ML, ML, SC,
SM/SC

Standard or

ASTM D 698 or

1 test per 10,000 yd?®

1 test per 8 acres

Material Specific

APTIM

Modified Proctor D1557
. 1 test per 10,000 ft? 1 test per 10,000 . 6WDQGDUG 3URFWRU 25
Nuclear Density ASTM D6938 per lift fi2 . ORGLILHG 3UREWRU
Grain Size ASTM 3 .
Distribution D6913/D7928 1 test per 10,000 yd 1 test per 8 acres 50% below No. 200 sieve
Pl >4 (or PI <4 if hydraulic
S 5
Atterberg Limits ASTM D 4318 1 test per 10,000 yd® | 1 test per 8 acres conductl(\:/rth])//Sl(sec) 1x10
LL >20%
Lift Thickness Vlsual' Continuous NA 9-inch (loose) or thickness of
Observation compactor foot
Thickness Topographic 100" grid or major NA * -inches normal to surface
Survey grade breaks
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Table 13

Material Testing Methods and Frequency Summary

Minimu m Testing

Typical Test per

Property Test Method Frequency Lift Specifications
Elevation Survey 100’ grid - N/A
Triaxial ASTM D5084 or
Laboratory SW 846-EPA 1 test per 10,000 yd?® - " [ ®cmisec
Permeability Method 9100

Low -Permeab ility Fill
(Containment Berms, Temporary and Permanent Berms, Stormwater Basin Dikes,

Fill Embankments) (3) (5)

Soil Classification

D2487 (USCS)

1 test per 10,000 yd?®
or change in material

type

1 test per 8 acres
or
per soil type

GM, GC, SC, ML, CL

Standard or

ASTM D 698 or

1 test per 10,000 yd®

1 test per 8 acres

Material Specific

Modified Proctor D1557
. 3 . 6WDQGDUG 3U
Nuclear Density ASTM D6938 1 test per 1,000 yd 1 test per 1 acre . ORGLILHG 3UI
Grain Size ASTM 3 . .
Distribution D6913/D7928 1 test per 10,000 yd 1 test per 8 acres 50% below No. 200 sieve
Atterberg Limits ASTM D 4318 1 test per 10,000 yd® 1 test per 8 acres LL <60%
Lift Thickness Vlsual_ Continuous NA 9-inch (loose) or thickness of
Observation compactor foot
Elevation Survey 100’ grid - N/A
Triaxial ASTM D5084 or : I
Laboratory SW 846-EPA | 1 test per 10,000 yd? ; Dete”t,'o? b"?‘ss'cnmsl'sd:c""a”s
Permeability Method 9100
e
Placed on Slopes ASTM D 2166, D 1 test per material construction 1.0 tsf
p 2850, or D 4767, type season or '

Greater than
4H:1V (4)

material change

Final Cover Protective Layer

(General Soils)

Soil Classification

D2487 (USCS)

1 test per 10,000 yd?®
or change in material

type

1 test per 8 acres
or per soil type

GM, GC, SC, ML, CL

Thickness (1) Topographic 100’ grid or major NA . QRUPDO WR
Survey grade breaks
Once per Acceptable range between
Internal Shear ASTM D 2166, D 1 test per material construction 0 psfand 21.9°
Strength (4) 2850, or D 4767 type season or 151.8 psf and 0°

material change

(see window in Table 12)

APTIM

Table 13 Notes:

(1) The upper six (6) inches of the random fill used for the final cover protective layer must be capable of supporting
vegetation, else the upper six (6) inches must consist of topsoil.

(2) Minimum peak interface shear strength windows were determined in the Site 2 North Expansion permit application.
See Note 8 and 9 in Table 12 for the acceptable range of the final cover and bottom liner interface values.

(3) Stormwater berms on the final cover do not need to meet the testing requirements of this section.

(4) COQA Officer has the discretion to forgo Internal shear strength testing provided the previous test liner results satisfy
the material requirements specified in Table 13.

(5) Testing criteria for low-permeability fill applies to the listed site features only (Containment Berms, Temporary and
Permanent Berms, Stormwater Basin Dikes, Fill Embankments).
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OFFICER-IN-ABSENTIA
Zion Landfill

Date:

Operator and Owner:

Contractor:

Third-party CQA Firms:

Description of Construction:

CQA Officer:

Period of Designated Authority:

Reason for CQA Officer’'s Absence:

The undersigned understand and agree to the following:

Until further notice, has been designated as the CQA Officer-
in- Absentia as described above, and as such, shall exercise professional judgement in fulfilling the
CQA Officer’s duties as described in the site’s CQA Plan. The CQA Officer assumes full personal
responsibility for the performance of all inspections and reports prepared by, or under the direction of,
the designated CQA Officer-in-Absentia.

CQA Officer
Signature Date
Print Name

CQA Officer-in-Absentia
Signature Date
Print Name

Operator/Owner
Signature Date
Print Name

NOTE: This form (or similar) must be fully completed and must accompany the
Construction Documentation Report
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Attachment 2 - Changes to CQA Testing Frequency

Zion Landfill - Proposed Changes to Testing Frequency

Property

Minimum Testing Frequency
(Historical)

Minimum Testing Frequency
(Expansion)

Explanation

Low-Permeability Earth Liner (5)

Soil Classification

1 test per 5,000 yd

1 test per 10,000 ytbr change in
material type

Standard or Modified Proctor

1 test per 5,000 yd

1 test per 10,000 y4

Nuclear Density

1 test per 5,000 yd

1 test per 10,000 y4

Grain Size Distribution

1 test per 5,000 yd

1 test per 10,000 y4

Atterberg Limits

1 test per 5,000 yd

1 test per 10,000 y4

The low permeability earth liner will be consist of the samg
clay soil present on site that has been used for the 48-yea|
history of the site. Over the thousands of tests performed
this material, it has been demonstrated to be incredibly
consistent. Due to the material's consistency, and the
extensive history of the site, a testing frequency of once pé
10,000 cubic yards will be sufficient to ensure that the mat
meets design specifications as is required by the lllinois
Environmental Protection Act Section 840.146(7).

Washed Gravel Envelope/Backfill for Leachate Collection (Pipe Bedding)

Grain Size Distribution

1 test per 3,000 yd

1 test per source per phase

The testing frequency was changed from a volumetric bas
a source and construction phase basis to ensure that new|
sources of material are tested, and that material is reteste
each construction phase.

Final Cover Barrier Soil (2')

Nuclear Density

1 test per 5,000 yd minimum of oncg
per lift

1 test per 10,000 y4 minimum of
once per lift

Similarly to the Low-Permeability Earth Liner material to bg
used on site, the final cover barrier soil will be the same
material that has been used throughout the history of the d
It has been demonstrated to be incredibly consistent. Due
the material's consistency, and the extensive history of thg

=

n

to

site, a testing frequency of once per 10,000 cubic yards will be

sufficient to ensure that the material meets design
specifications as is required by the lllinois Environmental
Protection Act Section 840.146(7).




Attachment 3

Temporary Well Modeling
and Revised Monitoring
Plans and Figures
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ENVIRONMENTAL MONITORING PROGRAM
Introduction

The proposed Zion Landfill Site 2 North Expansion (Site 2 North Expansion) has been
designed to be protective of the public, health, safety and welfare. To assure that the facility
functions as designed, this Environmental Monitoring Program has been developed in
accordance with applicable regulations and sound environmental practices. It includes a
description of groundwater, leachate, subsurface gas, ambient air, and other environmental
monitoring which will take place at the facility. The details of the Environmental Monitoring
Program are described in greater detail within the following sections and within other sections
of this Application.

Groundwater Monitoring
Groundwater Monitoring Overview

A groundwater monitoring program has been developed in accordance with 35 Ill. Admin.
Code, Sections 811.318 and 811.319. The Groundwater Impact Assessment (GIA) has
determined that groundwater quality will not be impacted at or beyond the edge of the zone
of attenuation (ZOA) within 100 years after closure of the landfill, as discussed in Section 2.7
of the Application. Furthermore, the groundwater monitoring network will serve as an
additional safeguard to verify that the landfill is not having any adverse impact on the
groundwater quality and to provide an early warning system in the unlikely event of an impact.
In other words, the groundwater monitoring network has been developed to provide
assurance that the landfill will function as designed. The proposed groundwater monitoring
network has been developed in accordance with current regulatory requirements based on:
1) the geology and hydrogeology, 2) the proposed landfill design features, and 3) the results
of the well spacing model.

Title 35 Ill. Admin. Code Sections 811.318(b)(3) requires that monitoring wells be located as
close to the potential source as practicable without interfering with operations and within one-
half the distance from the edge of the potential source to the edge of the ZOA. The ZOA is
located 100 feet from the waste boundary. As such, all new detection monitoring wells for
the Uppermost Aquifer have been proposed to be located within 50 feet of the waste
boundary.

Additionally, Title 35 lll. Admin. Code Section 811.318(b)(2) requires that monitoring wells be
located in hydrostratigraphic horizons that could serve as preferred contaminant migration
pathways. Therefore, the proposed groundwater monitoring network has been designed to
target the Shallow Drift Aquifer. The selection of this zone for monitoring is based on these
units meeting the definition of the Uppermost Aquifer as stated in the Hydrogeologic
Investigation Section (Section 2.2).

Groundwater will be routinely sampled and analyzed from the groundwater monitoring
network. These monitoring results will be statistically analyzed to check that the background
groundwater quality is not exceeded as defined in 35 Ill. Admin. Code Section 811.320.

2.8-1 Zion Landfill Site 2 North Expansion
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Monitoring results, including the results of the data comparisons will be promptly reported in
the lllinois Environmental Protection Agency (IEPA) following each sampling period.

Monitoring Well Spacing Determination

The Monitoring Analysis Package (MAP) was utilized to develop the proposed monitoring
network and assure that it exceeds IEPA requirements. The Plume Generation Model
(PLUME), one of three modeling packages contained within the MAP application, was utilized
to determine the appropriate monitoring well spacing while taking into account current
hydrogeological characteristics.

PLUME utilizes a fundamental two-dimensional analytical transport model responsible for
configuring plumes. The governing equation for the transport model, originally presented in
Domenico and Robbins (1985) and later modified by Domenico (1987), is:

C 40
clxy) () el it (1 129"

v 228

efrc{ }

2 )"
S

Su

y =) y =)
(el —5— efl—5—]
2( )1/2 2( ) 12
Vv Vv
where,
C(xy,t)= The concentration of the contaminant at location x, y from the source
at time t;
Co= Source concentration - the highest concentration of the contaminant in
the groundwater at the source;
X = Distance from planar source to the location of concern along the center
line of the plume;
y = Distance from planar source to the location of concern perpendicular
to the centerline of the plume;
1%t order decay constant;
Sw = Width of source area;
v = Average Contaminant Velocity (ki/ne);

2.8-2 Zion Landfill Site 2 North Expansion
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x = Dispersivity in the x direction;
y = Dispersivity in the y direction; and

t= Time.

To determine an appropriate down-gradient well spacing, hypothetical plumes were
generated with PLUME using site specific input parameters presented in the Hydrogeologic
Investigation Report (Section 2.2) and as described in greater detail within the following
section. Source leaks at the landfill base were assumed and average advection times of
33,950 days on the northwest side, 23,900 days on the north side, 181,000 days on the
northeast side, and 180,500 days on the southeast side of the landfill were found to maximize
the extent of the PLUMES while assuring that they do not extend past the zone of attenuation
on the northwest, northeast, and east (down-gradient) sides of the landfill. The modeled
plumes were then able to be used to determine what minimum well spacing will be necessary
to assure that any leak would be detected.

PLUME Input Data

Units. Consistent units of meters and days were used within the PLUME model.

Advection Time. As previously indicated, advection times of 33,950 days on the
northwest side, 23,900 days on the north side, 180,500 days on the northeast side,
and 165,000 days on the southeast side of the landfill were used in order to
maximize the extent of the plumes while keeping them within the zone of
attenuation along the northwest, northeast, and east (down-gradient) sides of the
landfill.

Dilution Contours. Dilution contours are utilized by PLUME as criterion by which
to illustrate the shape of the hypothetical plume at a percentage of the source
concentration. The MAP User’s Manual defines a dilution contour as the ratio of
the concentration of the contaminant at the detected point in the plume to the
concentration of the source. MAP documentation suggests that the concentration
of the contaminant at the outermost perimeter of the plume (detection point) is
equal to the laboratory’s detection limit. The concentration at the source is the
concentration of the constituent as it occurs in leachate. Chloride is chosen to
represent the constituent released in a hypothetical plume from the landfill,
because it is transported conservatively due to its resistance to degradation and
non-sorbing properties. The laboratory detection limit of chloride is 1.0 mg/L. The
IEPA recommends utilizing 2,000 mg/L as the concentration of chloride in leachate
for the modeling purposes, however the model used a slightly more conservative
site specific concentration of 1,945 mg/L, which is the average concentration of
chloride in leachate at the existing landfill from 2010 through 2019. The resultant
outermost dilution contour of 5.14 x 10 was used for the model to define the shape
of the plume.

Longitudinal Dispersivity. Longitudinal dispersivity is derived from the following
empirical equation developed by Schulze-Makuch (2005):
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Us= 0.085( .) 4<5
where,

.. = longitudinal dispersivity; and
L = flow path length.

It is conservatively assumed that a failure occurs at the downward gradient edge
of the proposed landfill at the base of the landfill sideslope. Therefore, the flowpath
length for the northwestern portion of the downgradient edge of the proposed
expansion is determined as follows:

=+ &
=22118BP50BP
=271.18B P 8266 |

where,

L = Flow Path Length for the northwestern portion of the downgradient edge of
the proposed expansion,

D1 = Average Distance from the base of the leachate collection system to the
waste boundary across the northwestern edge of the proposed landfill; and

D2 = Average Distance from Waste Boundary to Compliance Point.

The flowpath length for the northern portion of the downgradient edge of the
proposed expansion is determined as follows:

=+ &
=136.13BP50BP
=186.13 BB 56.73 |

where,

L = Flow Path Length for the northern portion of the downgradient edge of the
proposed expansion,

D1 = Average Distance from the base of the leachate collection system to the
waste boundary across the northern edge of the proposed landfill; and

D2 = Average Distance from Waste Boundary to Compliance Point.

The flowpath length for the northeastern portion of the downgradient edge of the
proposed expansion is determined as follows:

=&+ &
=18190BP S50BP
=23190B P 70.68 1

where,

2.8-4 Zion Landfill Site 2 North Expansion
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L = Flow Path Length for the northeastern portion of the downgradient edge of
the proposed expansion,

D1 = Average Distance from the base of the leachate collection system to the
waste boundary across the northeastern edge of the proposed expansion; and
D2 = Average Distance from Waste Boundary to Compliance Point.

The flowpath length for the southeastern portion of the downgradient edge of the
proposed expansion is determined as follows:

=+ &
=20392BP50BP
=25392BPR 77391

where,

L = Flow Path Length for the southeastern portion of the downgradient edge of
the proposed expansion,

D1 = Average Distance from the base of the leachate collection system to the

waste boundary across the southeastern edge of the proposed expansion; and
D2 = Average Distance from Waste Boundary to Compliance Point.

Longitudinal dispersivity for the northwestern edge of the proposed landfill is
calculated as follows:

Ug= 0.085(82.66) 4<5=3.04 |
Longitudinal dispersivity for the northern edge of the proposed landfill is calculated
as follows:

Us= 0.085(56.73) 4<5=2.24 |

Longitudinal dispersivity for the northeastern edge of the proposed expansion is
calculated as follows:

Uy= 0.085(70.68) 4<5= 2.68 |

Longitudinal dispersivity for the southeastern edge of the proposed expansion is
calculated as follows:

Uy= 0.085(77.39) 4<5=2.88 |

Transverse Dispersivity. In accordance with IEPA LPC-PA2, the transverse
dispersivity is determined as 20% of the longitudinal dispersivity.

2.8-5 Zion Landfill Site 2 North Expansion
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Diffusion Coefficient. The diffusion coefficient of the Uppermost Aquifer was
assumed to be 0.064 m?ly (1.75 x 10* m?/d) which is the “free solution” diffusion
coefficient for chloride at infinite dilution in water at 25° C!. This value is
conservative when evaluating the movement of a contaminant through a porous
media such as the Uppermost Aquifer.

Average Contaminant Velocity. The average contaminant velocity is defined as

follows?:
_ bpUO
% %
where,
V= Average Contaminant Velocity;
k= Geometric Mean Horizontal Hydraulic Conductivity;
i= Average Gradient (February 2019 through February 2021)%; and
ne = Average Effective Porosity.
g IKNRDZ22E2204 L 0 67 |/ UN

8(A=pP B2 0 107 1/ UN

The Average Contaminant Velocity used for the north side is the highest calculated
seepage velocity of 0.62 m/yr for the Uppermost Aquifer (0.0017 m/d).

The Average Contaminant Velocity used for the east side is the highest calculated
seepage velocity of 0.107 m/yr for the Uppermost Aquifer (0.0003 m/d).

Width of Line Source. As suggested in IEPA LPC-PA2, the width of line source is
1.00 m. This value was used in the model.

R. Kerry Rowe, Robert M. Quigley, Richard W.I. Brachman & John R. Booker (2004). Barrier Systems for Waste Disposal
Facilities. CRC Press, London.

2 Walton, William C. (1991). Principals of Groundwater Engineering. Lewis Publishers, Inc., Chelsea, Michigan.

3 The gradients used for calculation of the average contaminant velocity are the average of measurements taken from
potentiometric data collected in February 2019 through February 2021 (data available at time of publication of the
Application for Local Siting Approval for this proposed expansion).
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Results of PLUME Model

The results of the PLUME evaluation indicate that well spacings of approximately 169.90
feet on the northwest, 117.48 feet on the north, 183.90 feet on the northeast, and 182.80
feet on the southeast (down-gradient) sides of the landfill will be adequate to detect any
potential leak (refer to Figure s 2.8-1 and 2.8-2). The output files from the PLUME models
are included in Appendix Q .

It should be noted that the PLUME modeling is overly conservative and has resulted in a
proposed well spacing that is much tighter than the minimum 200 foot spacing typically
allowed by the IEPA. The modeling did not consider the significant environmental
safeguards that are inherent in the landfill design or the conservative assumptions that
have been used in the Groundwater Impact Assessment models.

The proposed landfill design includes a composite liner system consisting of a 60-mil
HDPE geomembrane liner and a 4-foot compacted cohesive soil liner (1 x 10-7 cm/sec),
leachate and landfill gas collection and removal systems, and a composite final cover. In
addition, the base of the landfill will be below the potentiometric surface, creating an
inward gradient landfill. The inward gradient will limit the potential outward migration of
any contaminant to diffusion. Groundwater will flow into the landfill during the active life
of the landfill and the post closure care period rather than leachate attempting to exit the
landfill. The monitoring network serves as an additional safeguard to monitor the
groundwater sources at the facility, verify that the landfill design is functioning as intended,
and provide an early warning system in the unlikely event of a release.

Furthermore, in the PLUME models, liner failure was assumed to occur on the down
gradient edge of the proposed landfill at the base of the landfill sideslope, therefore
reducing the flow path length of the hypothetical plume. This reduced flow path length
was used in the determination of the longitudinal dispersivity. It would be more realistic
for a release to occur in areas other than the leachate sump and trench areas which will
be lined with two 60-mil HDPE liners and a geosynthetic clay liner (sandwiched between
the two 60 mil HDPE liners). It would seem reasonable to increase the flow path length
and calculate it from the interior of the landfill. Calculating the flow path length from the
interior of the landfill would increase the longitudinal dispersivity and widen the
hypothetical plume. It would also increase the transverse dispersivity. As a result, an
increased flow path length would result in a wider hypothetical plume that could be
detected and, therefore, a wider well spacing.

In addition, the MEMO models assumed a line source of one (1) meter. However, a
diffusion driven release from this inward gradient landfill will result in a wider source area,
creating a wider hypothetical plume that could be detected.

Moreover, the results of the permitted Groundwater Impact Assessment have
demonstrated that the facility will not have an adverse impact on the groundwater quality.
This assessment included the use of conservative model assumptions including a
constant concentration, outward gradient, poor liner contact used to determine the
seepage rate, and did not include the application of adsorption of degradation. The GIA
determined that the proposed landfill will not adversely impact the groundwater quality at
or beyond the edge of the ZOA within 100 years of landfill closure.

2.8-7 Zion Landfill Site 2 North Expansion
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Description of the Proposed Monitoring Network

The proposed monitoring network for the landfill will include a total of 27 detection
monitoring wells within the Uppermost Aquifer (G300 through G326). Down-gradient
monitoring wells G302 through G306 have been spaced approximately 183 feet apart.
Down-gradient monitoring wells G307 through G314 have been spaced approximately
184 feet apart. Down-gradient monitoring wells G315 through G321 have been spaced
approximately 117 feet apart. Down-gradient monitoring wells G322 through G326 have
been spaced approximately 170 feet apart. Additionally, two up-gradient monitoring wells
(G300 and G301) have been added in order to provide continuous background
groundwater quality data. The monitoring wells will be installed prior to waste placement
in the cells to be monitored as cell development progresses. Proposed monitoring well
G304 will be located down-gradient of the first cells to be constructed (Cell 11 and Cell
12) and will be installed at the compliance boundary (i.e. edge of the ZOA) in accordance
with 35 Ill. Admin. Code Section 811.318(b)(5). This compliance boundary well is
proposed to remain in operation during the life of the landfill and throughout the post-
closure period.

Temporary monitoring wells are to be located north of each cell prior to cell operations.
These wells will be spaced at 250 feet apart, and will be abandoned prior to construction
of the subsequent cell.

The proposed monitoring network for the landfill is depicted on Figure 2.8-2 and on
Drawing No. D12 . A typical monitoring well is shown in Photograph 2.8-1.

Photograph 2.8 -1 Typical Monitoring Well

2.8-8 Zion Landfill Site 2 North Expansion
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It should be noted that during the installation of the 27 new detection monitoring wells
proposed withing this application, a nested well may also be installed within any saturated
intra-till sediments that may be encountered above the Uppermost Aquifer. Should nested
wells be necessary, the final monitoring network will consist of more than the 27
permanent monitoring wells indicated above.

Monitoring Well Phasing

The groundwater monitoring network will be developed in phases so that each well will be
installed prior to accepting waste in the cell(s) that the wells are intended to monitor. Table
2.8-1 provides a summary of the groundwater monitoring wells and the phasing status of
each monitoring point.

Establishment of Applicable Groundwater Quality Standards

Applicable Groundwater Quality Standard (AGQS) values have been established for the
Uppermost Aquifer (Shallow Drift Aquifer) and the Intratill Sediments at the existing Zion
Landfill. These permitted AGQS values were used in the GIA model. Applicable pages
of the permit which indicate permitted AGQS values for the existing Landfill have been
provided in Appendix Q.

The AGQS values may be revised to incorporate new standards, additional wells, or intra-
well evaluations as approved by the IEPA using Sanitas Groundwater Monitoring
statistical software (Sanitas). Prior to calculation of the AGQS values, groundwater
monitoring data will be evaluated for potential outliers and spatial variance using Sanitas.

Upon completion of the outlier and spatial variance evaluations, statistical analyses will
then be performed in accordance with the USEPA 1992 Standards. Ultimately, the AGQS
values will be determined using appropriate procedures specific to each constituent due
to the characteristics of its data set (i.e. number of non-detects, normality, etc.).

The Sanitas software allows for the development of AGQSs through the use of a built-in
decision logic framework that assures consistency with the USEPA's statistical
requirements. The decision logic framework allows the software to move through the
series of statistical step flow charts and testing algorithms, ultimately choosing the most
appropriate statistical method and making any necessary adjustments or transformations.

For these analyses, normality will first be evaluated using Shapiro-Wilk Test with a
specified alpha of 99 percent. Sanitas then utilizes a variety of power transformations in
an attempt to normalize the distribution for use in the parametric tests (ladder of powers).
The software then chooses the data transformation that normalizes the data with the least
powerful transformation. When necessary, the software automatically substitutes a value
of one half of the method detection limit for non-detects.

Parametric tests will be performed on normal and log normal datasets when the number
of non-detects for a sample set is found to be less than 50 percent. Cohen’s Adjustment
will be used on the sample mean when the number of non-detects is found to be between
15 and 50 percent.

2.8-11 Zion Landfill Site 2 North Expansion

T:\Projects\2018\Advanced Zion Landfill Expansion\IEPA Application\04 - Section 2 Design and Operations\2.8 Environmental Monitoring JUly 2024



TABLE 2.8-1

PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

T:\Projects\2018\Advanced Zion Landfill Expansion\IEPA Application\04 - Section 2 Design and Operations\2.8 Environmental Monitoring

. Location 12 Depth to
. Lo_c_atlon . (NADS83 lllinois State et Bottom Bottom
Well (Site-Specific Coordinate Planes. East Zone Surface of Screen of _ _
N System) = Foof) : Elevation Elevation - Installation / Phasing
Northing Easting Northing Easting ft MSL ft MSL ft bgs
Up-gradient well to be installed
G300 1304449 | 11685.73 | 2120548.40 | 110923159 | 74555 640.55 105.00 | Within 50 feet of the waste
boundary prior to Cell 11
operations.
Up-gradient well to be installed
G301 13626.9 11685.73 | 2121130.81 | 1109234.64 | 742.17 645.82 96.35 | Within 50 feet of the waste
boundary prior to Cell 11
operations.
Up-gradient well to be installed
G302 12412.86 | 13077.70 | 2119909.49 | 111062022 |  743.06 639.89 103.17 | Within 50 feet of the waste
boundary prior to Cell 11
operations.
Down-gradient well to be
G303 125095.66 | 13077.70 | 2120002.29 | 1110621.18 |  744.02 640.31 103.71 | Installed within 50 feet of the
waste boundary prior to Cell 11
Operations.
Down-gradient well to be
G304 12778.46 | 1313270 | 2120274.80 | 1110677.14 | 74557 640.76 104.81 | Installed at the Zone of
Attenuation prior to Cell 11
operations.
G168 12497.75 | 11841.91 | 2120000.85 | 1109384.90 |  746.00 ; i Existing well to be abandoned
during Cell 11 construction.
G169 1249820 | 12138.81 | 2119999.75 | 1109681.80 | 745.01 ] ] Existing well to be abandoned
during Cell 11 construction.
G201 1242064 | 1271873 | 2119919.15 | 111026130 | 745.21 ; ] Existing well to be abandoned
during Cell 11 construction.
G202 1236321 | 13019.03 | 2119860.15 | 1110561.30 | 742.71 ; ] Existing well to be abandoned
during Cell 11 construction.
2.8-12 Zion Landfill Site 2 North Expansion
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TABLE 2.8-1

PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

Well
Name

Location
(Site-Specific Coordinate
System)

Location
(NADS83 lllinois State
Planes, East Zone,
US Foot)

Ground
Surface
Elevation

12Bottom
of Screen
Elevation

Depth to
Bottom

Northing

Easting

Northing

Easting

ft MSL

ft MSL

Installation / Phasing

G305

12961.26

13077.70

2120457.88

1110623.10

746.02

641.27

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 12
operations.

G306

13144.06

13077.70

2120640.68

1110624.05

746.26

642.18

104.08

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 13
operations.

G307

13326.86

13077.70

2120823.48

1110625.01

746.41

643.09

103.33

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 13
operations.

G308

13510.76

13077.70

2121007.38

1110625.98

746.00

643.80

102.20

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 14
operations.

G309

13694.66

13077.70

2121191.27

1110626.94

744.48

643.99

100.48

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 14
operations.

G310

13878.56

13077.70

2121375.17

1110627.90

744.01

644.12

99.89

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 15
operations.

2.8-13
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TABLE 2.8-1

PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

Well
Name

Location
(Site-Specific Coordinate
System)

Location
(NADS83 lllinois State
Planes, East Zone,
US Foot)

Ground
Surface
Elevation

12Bottom
of Screen
Elevation

Depth to
Bottom

Northing

Easting

Northing

Easting

ft MSL

ft MSL

Installation / Phasing

G311

14062.46

13077.70

2121559.07

1110628.87

743.19

644.18

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 16
operations.

G312

14246.36

13077.70

2121742.97

1110629.83

742.16

643.18

98.98

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 16
operations.

G326

14263.32

11716.31

2121767.05

1109268.55

740.00

646.90

93.11

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 16
operations.

G313

14428.42

13051.76

2121925.16

1110604.85

740.48

641.22

99.26

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G314

14610.49

13025.83

2122107.36

1110579.87

738.59

639.26

99.33

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G315

14786.52

13000.82

2122283.52

1110555.78

740.00

638.34

101.66

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G316

14797.81

12883.82

2122295.42

1110438.84

740.15

638.54

101.61

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.
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PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

TABLE 2.8-1

Well
Name

Location
(Site -Specific Coordinate
System)

Location
(NADS83 lllinois State
Planes, East Zone,
US Foot)

Ground
Surface
Elevation

12Bottom
of Screen
Elevation

Depth to
Bottom
of
Screen

Northing

Easting

Northing

Easting

ft MSL

ft MSL

ft bgs

Installation / Phasing

G317

14797.81

12766.82

2122296.03

1110321.84

740.46

639.00

101.46

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G318

14797.81

12649.82

2122296.64

1110204.84

742.01

639.45

102.56

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G319

14797.81

12532.82

2122297.26

1110087.84

742.04

639.90

102.14

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G320

14797.81

12415.82

2122297.87

1109970.84

742.34

640.35

101.99

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G321

14797.81

12298.82

2122298.48

1109853.85

744.00

641.08

102.92

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G322

14743.87

12196.86

2122245.08

1109751.61

743.78

642.15

101.62

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.
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PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

TABLE 2.8-1

Well
Name

Location
(Site-Specific Coordinate
System)

Location
(NADS83 lllinois State
Planes, East Zone,
US Foot)

Ground
Surface
Elevation

12Bottom
of Screen
Elevation

Depth to
Bottom

Northing

Easting

Northing

Easting

ft MSL

ft MSL

Installation / Phasing

G323

14623.73

12076.73

2122125.57

1109630.85

742.22

643.78

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G324

14503.59

11956.59

2122006.07

1109510.08

742.08

644.96

97.12

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

G325

14383.46

11836.45

2121886.56

1109389.32

740.40

645.93

94.47

Down-gradient well to be
installed within 50 feet of the
waste boundary prior to Cell 17
operations.

T100

12836.55

12023.05

2120330.71

1109563.37

756.05

641.87

114.18

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 11 operations and
abandoned prior to Cell 12
construction.

T101

12836.55

12273.05

2120330.71

1109813.37

751.37

643.63

107.74

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 11 operations and
abandoned prior to Cell 12
construction.
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Well
Name

PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

Location
(Site-Specific Coordinate
System)

TABLE 2.8-1

Location
(NADS83 lllinois State
Planes, East Zone,
US Foot)

Ground
Surface
Elevation

12Bottom
of Screen
Elevation

Depth to
Bottom

Northing

Easting

Northing

Easting

ft MSL

ft MSL

Installation / Phasing

T102

12836.55

12523.05

2120330.71

1110063.37

741.97

644.73

97.24

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 11 operations and
abandoned prior to Cell 12
construction.

T103

12836.55

12773.05

2120330.71

1110313.37

741.99

644.31

97.68

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 11 operations and
abandoned prior to Cell 12
construction.

T104

13146.55

12023.05

2120640.71

1109563.37

753.10

645.14

107.96

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 12 operations and
abandoned prior to Cell 13
construction.

T105

13146.55

12273.05

2120640.71

1109813.37

748.74

646.38

102.36

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 12 operations and
abandoned prior to Cell 13
construction.
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Well
Name

PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

Location
(Site-Specific Coordinate
System)

TABLE 2.8-1

Location
(NADS83 lllinois State
Planes, East Zone,
US Foot)

Ground
Surface
Elevation

12Bottom
of Screen
Elevation

Depth to
Bottom

Northing

Easting

Northing

Easting

ft MSL

ft MSL

Installation / Phasing

T106

13146.55

12523.05

2120640.71

1110063.37

742.03

646.88

95.15

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 12 operations and
abandoned prior to Cell 13
construction.

T107

13146.55

12773.05

2120640.71

1110313.37

744.00

646.20

97.80

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 12 operations and
abandoned prior to Cell 13
construction.

T108

13456.55

12023.05

2120950.71

1109563.37

733.29

647.49

85.80

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 13 operations and
abandoned prior to Cell 14
construction.

T109

13456.55

12273.05

2120950.71

1109813.37

742.05

648.19

93.86

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 13 operations and
abandoned prior to Cell 14
construction.
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Well
Name

PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

Location
(Site-Specific Coordinate
System)

TABLE 2.8-1

Location
(NADS83 lllinois State
Planes, East Zone,
US Foot)

Ground
Surface
Elevation

12Bottom
of Screen
Elevation

Depth to
Bottom

Northing

Easting

Northing

Easting

ft MSL

ft MSL

Installation / Phasing

T110

13456.55

12523.05

2120950.71

1110063.37

743.98

648.14

95.84

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 13 operations and
abandoned prior to Cell 14
construction.

T111

13456.55

12773.05

2120950.71

1110313.37

744.00

646.69

97.31

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 13 operations and
abandoned prior to Cell 14
construction.

T112

13766.55

12023.05

2121260.71

1109563.37

738.12

647.60

90.52

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 14 operations and
abandoned prior to Cell 15
construction.

T113

13766.55

12273.05

2121260.71

1109813.37

742.47

648.28

94.19

Temporary Down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 14 operations and
abandoned prior to Cell 15
construction.
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Well
Name

PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

Location
(Site-Specific Coordinate
System)

TABLE 2.8-1

Location
(NADS83 lllinois State
Planes, East Zone,
US Foot)

Ground
Surface
Elevation

12Bottom
of Screen
Elevation

Depth to
Bottom

Northing

Easting

Northing

Easting

ft MSL

ft MSL

Installation / Phasing

T114

13766.55

12523.05

2121260.71

1110063.37

742.62

648.34

94.28

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 14 operations and
abandoned prior to Cell 15
construction.

T115

13766.55

12773.05

2121260.71

1110313.37

744.00

646.92

97.08

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 14 operations and
abandoned prior to Cell 15
construction.

T116

14076.55

12023.05

2121570.71

1109563.37

739.08

647.29

91.79

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 15 operations and
abandoned prior to Cell 16
construction.

T117

14076.55

12273.05

2121570.71

1109813.37

744.92

645.95

98.97

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 15 operations and
abandoned prior to Cell 16
construction.
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Well
Name

PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

Location
(Site-Specific Coordinate
System)

TABLE 2.8-1

Location
(NADS83 lllinois State
Planes, East Zone,
US Foot)

Ground
Surface
Elevation

12Bottom
of Screen
Elevation

Depth to
Bottom

Northing

Easting

Northing

Easting

ft MSL

ft MSL

Installation / Phasing

T118

14076.55

12523.05

2121570.71

1110063.37

743.17

646.24

96.93

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 15 operations and
abandoned prior to Cell 16
construction.

T119

14076.55

12773.05

2121570.71

1110313.37

743.74

645.61

98.12

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 15 operations and
abandoned prior to Cell 16
construction.

T120

14386.55

12254.67

2121880.71

1109795.00

739.06

645.41

93.64

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 16 operations and
abandoned prior to Cell 17
construction.

T121

14386.55

12504.67

2121880.71

1110045.00

741.03

644.64

96.40

Temporary down-gradient well
to be installed within 50 feet of
the waste boundary prior to
Cell 16 operations and
abandoned prior to Cell 17
construction.
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TABLE 2.8-1

PROPOSED GROUNDWATER MONITORING WELL NETWORK PHASING

. Location 12 Depth to
. Lo_c_atlon . (NADS83 lllinois State Ground T Bottom
Well (Site-Specific Coordinate Surface of Screen _ _
System) PETIES, SRS, Elevation Elevation 2 Installation / Phasing
Name US Foot) Screen
Northing Easting Northing Easting ft MSL ft MSL ft bgs
Temporary down-gradient well
to be installed within 50 feet of
T122 14386.55 12754.67 | 2121880.71 | 1110294.996 | 741.51 643.89 97.62 | the waste boundary prior to
Cell 16 operations and
abandoned prior to Cell 17
construction.
Notes:

1. The screened interval will be approximately 5-10 feet.
2. The proposed groundwater monitoring network has been designed to target the Uppermost Aquifer (Shallow Drift Aquifer).

2.8-22

T:\Projects\2018\Advanced Zion Landfill Expansion\IEPA Application\04 - Section 2 Design and Operations\2.8 Environmental Monitoring

Zion Landfill Site 2 North Expansion
July 2024




2

APTIM

Additionally, if all the background values are less than the MDL for a given parameter, the
Practical Quantitation Limit (PQL) will be used to evaluate data from the monitoring wells.
Therefore, the AGQSs for the parameters which are non-detections will be set at their
respective PQLs.

It should be noted that following the USEPA statistical requirements, as well as the use of
Sanitas software, has traditionally been accepted by the IEPA.

Maximum Allowable Predicted Concentrations (MAPCS)

The GIA in Section 2.7 demonstrates that the proposed expansion will not cause an
exceedence of any of the constituent concentrations over the AGQS values at or beyond
the edge of the ZOA within 100 years of landfill closure for the Uppermost Aquifer. MAPC
values were conservatively set equal to the AGQS values.

Design and Construction of Monitoring Wells

All monitoring wells for the Site 2 North Expansion will be designed and constructed in
accordance with the following procedures:

1. Standards established in 35 Ill. Admin. Code, Section 811.318(d);
2. IEPA guidance;
3. Standard Practice for Design and Installation of Groundwater Monitoring

Wells in Aquifers, ASTM D 5092-90; and

4. Monitoring Well Design and Construction, Chapter 3, RCRA Groundwater
Monitoring Technical Enforcement Guidance Document, U.S. EPA,
September 1986.

A typical as-built diagram for groundwater monitoring well construction is provided in
Appendix Q and on Drawing No. D20 . The monitoring wells will be constructed to yield
groundwater samples that represent the quality of groundwater at the landfill site.

The procedure for constructing the monitoring wells at the landfill will typically consist of
the following steps:

1. Prior to well construction, all monitoring well locations will be staked in the
field by a survey crew under the supervision of a Professional Land
Surveyor licensed in the State of lllinois;

2. Borings will be drilled and continuously sampled to the target depth at each
monitoring well location. Drilling fluids will be avoided to the extent
practical. Soil samples will typically be obtained by either advancing a 5-
foot continuous split core barrel (or similar), driving a 2-inch outside
diameter split-spoon sampler (ASTM D 1586) or pushing a thin-walled 3-
inch diameter Shelby tube sampler (ASTM D 1587). A geologist or
geotechnical engineer will direct the field exploration operations, log the

2.8-23 Zion Landfill Site 2 North Expansion

T:\Projects\2018\Advanced Zion Landfill Expansion\IEPA Application\04 - Section 2 Design and Operations\2.8 Environmental Monitoring JUly 2024



2

APTIM

10.

11.

12.

soil samples, and document the well construction. Boreholes within 10 feet
of an existing continuously sampled boring need not be continuously
sampled through the depth intervals that were previously sampled;

Each monitoring well will be constructed using a 2-inch inside diameter,
flush joint, well screen and riser pipes. The screen length for the proposed
monitoring wells will be approximately 5 or 10 feet. An end plug will be
placed at the bottom of the screen and a vented cap will be placed on the
top. Monitoring wells may be constructed of PVC, stainless steel, Teflon,
or other materials approved by the IEPA. All threaded joints will be sealed
using either manufacturer supplied O-rings or Teflon tape;

A filter pack will be constructed in each well by filling the annular space with
silica sand (approximately 2-1/2 to 3 times larger than the 50% grain size
of the zone being monitored) to a depth of approximately 2 feet above the
top of the screen. If the in-situ material is appropriate (i.e. sand and gravel),
then the formation may be allowed to collapse around the well screen to
the desired elevation;

A minimum 2-foot-thick bentonite chip or pellet seal may be placed above
the top of the filter pack if the seal can be placed without bridging the chips
or pellets. Otherwise, an approximate 3-foot thick bentonite slurry seal may
be placed above the sandpack using a tremie pipe method,;

The annular space above the bentonite seal and/or sand pack will be
grouted to within 2 to 4 feet of the ground surface with a bentonite Volclay®
grout, or equivalent, using the tremie method,

Concrete will be used to top off the annular space at the ground surface;

A well protector with a locking lid will then be installed in the concrete to
protect and secure the monitoring well;

The well protector will be clearly labeled with the monitoring well number;

A concrete pad will be constructed around the well protector. The pad will
be sloped to divert surface water away from the well;

The drill tooling, sampling equipment, and well screen/riser pipe that
contact the in-situ geologic materials will be decontaminated using a hot
water pressure washer prior to driling each borehole. Field
decontamination of certified pre-cleaned well screen/riser pipe materials
will not be required. The sampling equipment will be washed in a solution
of Alconox™ (or equivalent) and potable water and then rinsed in potable
water prior to each use; and

The monitoring wells will be developed to ensure that the well screens are
unobstructed and that representative groundwater is flowing into the wells.
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The construction of each monitoring well will be documented by completing and submitting
the IEPA Well Completion Report, the Illinois Department of Public Health (IDPH) Well
Construction Report form, and an as-built diagram as provided in Appendix Q .

Monitoring Well and Boring, Plugging, and Abandonment

Test borings, damaged wells or piezometers and wells or piezometers no longer used for
long-term monitoring at the landfill will be abandoned in accordance with 35 Ill. Admin.
Code, Section 811.315 and 811.316 Plugging and Sealing of Drill Holes, and in
accordance with 77 lll. Admin. Code, Section 920.120. Abandonment procedures as
described below will be followed in the event a monitoring well becomes unserviceable
and must be replaced. Abandonment procedures will also be used if any unknown wells
are encountered during site development. The grout used to abandon the wells will
typically be a pure bentonite grout. The specific abandonment procedures are provided
in the following sections.

Test Boring Abandonment

Any test borings to be drilled at the landfill for site development will be surveyed and
properly abandoned as described in this section. Abandoment will be documented by a
geologist or engineer.

Test borings temporarily left unattended (e.g., to obtain water elevation readings) will be
temporarily covered and marked (e.g., using flagged lath). The temporary cover will
minimize the flow of stormwater runoff into the boring and prevent accidental entry by
animals. If an uncased boring partially or completely collapses, resulting in a potential
contaminant migration pathway, the borehole will be redrilled prior to abandonment.
Immediately after the required data has been collected or the boring has been redrilled,
the boring will be abandoned in accordance with the following procedure.

A tremie pipe will be inserted to the bottom of each boring to be advanced. If the boring
collapses, the tremie pipe will be inserted through the hollow stem augers or casing. The
slurry will be tremied under pressure. As the formation water is displaced, the tremie pipe
will be withdrawn. The bottom of the augers and the tremie pipe will remain just below the
top of the slurry until the grout reaches the ground surface.

The surveyed ground elevation and the location of the abandoned borehole will be
recorded by the supervising engineer, geologist. An abandoned boring certification form
will be completed and submitted to the IEPA in accordance with permit conditions and the
IDPH requirements. A copy of this form is included in Appendix Q.

Monitoring Well or Piezometer Abandonment

A groundwater monitoring well or piezometer required to be removed from service will be
abandoned in accordance with the following procedure.
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10.

For monitoring wells or piezometers in which the well is screened in bedrock, the following
plugging procedure should typically be used (it is assumed that any obstruction in the well
casing will be removed prior to this procedure; if an obstruction is not able to be removed,
the second procedure described below should be followed):

Cut casing off at desired depth;

Mix grout;

Insert tremie pipe into well and extend to bottom;

Slowly pump slurry under low pressure through tremie pipe;

Slowly withdraw tremie pipe making sure bottom of pipe remains below the
grout slurry mix; and

Continue slow pumping until all formation water and the grout is displaced
from top of casing.

For monitoring wells or piezometers which were screened in unconsolidated sediments,
the following procedure should typically be used:

Knock out and remove thin surface concrete plug, if present;
Re-auger entire length of well;

Remove well casing from re-augered borehole;

Mix grout;

Insert tremie pipe into augers and extend to bottom;
Slowly pump grout under low pressure through tremie pipe;

Continue slow pumping until all formation water and the watery slurry mix
is displaced from top of casing;

Slowly withdraw tremie pipe making sure bottom of pipe remains below the
grout;

Pull a flight of augers; and

Top off grout after each flight is removed.

The ground elevation and the location of the abandoned monitoring well or piezometer will
be recorded by the supervising engineer or geologist. An abandoned monitoring well
certification form will be completed and will be submitted to the IDPH and the IEPA in
accordance with permit conditions and IDPH requirements.
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Groundwater and Leachate Sampling Procedures

Upon approval of the IEPA, dedicated submersible pumps will be utilized to sample each
monitoring well using low flow purging techniques. The detailed sampling procedure
(including procedures for sample preservation and chain of custody) that will be followed
to collect leachate or groundwater samples from the monitoring wells where a dedicated
submersible pump is utilized is provided in Appendix Q . Care will be taken to
decontaminate all equipment to prevent possible cross contamination of wells. Depth to
water from top of riser and elevation of the groundwater surface in reference to Mean Sea
Level (MSL) datum will also be provided.

Traditional Groundwater Sampling for a Well Without a Dedicated Pump

In the case that traditional groundwater sampling is required, the following procedures will
be followed:

After unlocking the monitoring well protector and removing the vented cap, the water level
will generally be obtained utilizing an electronic water level indicator. After the water level
is recorded, a minimum of three (3) well volumes of water will be evacuated from the
monitoring well if possible. Field measurements of water level, water temperature, pH,
conductivity and well depth will be recorded after each well volume is removed.

The groundwater sample will be marked appropriately and logged on the water sample
chain of custody records. Water samples will be stored on ice and transported or shipped
to the laboratory in a cooler or other suitable container. The laboratory will be capable of
performing all analytical analysis in accordance with standard testing methods as
approved by the state. Upon arrival at the laboratory, water samples and the chain of
custody records will be surrendered to the laboratory. By following these quality
assurance procedures, the potential for false positives should be minimized.
Photograph 2.8-2 depicts a sample being pulled from a typical monitoring well.

Sampling and testing will be governed by the approved IEPA permit and applicable State
regulations.

Detection Monitoring Parameters, Frequency and Data Analyses

Groundwater monitoring at the landfill can be divided into the following three stages:

1. Monitoring prior to accepting waste;
2. Monitoring during the landfill operations; and
3. Monitoring during post-closure.

The specific monitoring program for each stage is detailed in the following sections.

2.8-27 Zion Landfill Site 2 North Expansion

T:\Projects\2018\Advanced Zion Landfill Expansion\IEPA Application\04 - Section 2 Design and Operations\2.8 Environmental Monitoring JUly 2024



Photograph 2.8 -2 Sampling of a typical monitoring well

Monitoring Prior to Accepting Waste

As cell development progresses, all groundwater monitoring wells designated for each cell
will be installed prior to accepting waste in that cell. Documentation of well construction
will generally be provided with the application for a significant permit modification for
operating authorization for each landfill cell.

Detection Monitoring During Landfill Operation

Groundwater monitoring will be performed quarterly in accordance with 35 Ill. Admin.
Code, Section 811.319 for the indicator parameters required within 35 Ill. Adm. Code,
Section (a)(2). Organic constituents will be monitored within each new well within three
months of installation and will be added to the monitoring list on a semi-annual basis in
accordance with 35 Ill. Admin. Code, Section 811.319(a)(3). The detection monitoring
analytical results for the permitted monitoring wells will be evaluated in accordance with
35 Ill. Admin. Code, Section 811.319(a)(4).

Monitoring During Post-Closure
Monitoring during post-closure will remain unchanged from that performed during landfill

operations, unless a change to the monitoring program is approved by the IEPA as
provided for in 35 Ill. Admin. Code, Section 811.319.
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Statistical Analysis of Groundwater Quality Data

As required by 35 Ill. Admin. Code, Section 811.320, routine groundwater quality
monitoring data will be analyzed by comparing the results of the groundwater sampling to
AGQS and MAPC values which have been established at the site using the applicable
statistical procedure specific to each particular constituent and its background data set.

The routine groundwater quality monitoring data will be compared to the AGQS and MAPC
values. The applicable water quality standards may be revised to incorporate new
standards, additional wells, or intra-well evaluations as approved by the IEPA. The AGQS
values that will be used for groundwater quality evaluation are summarized in the GIA in
Section 2.7 of the Application. Additionally, applicable pages of the permit which indicate
permitted AGQS values for the existing landfill have been provided in Appendix Q .

Evaluation of Groundwater Quality Data
The groundwater quality data for the routine monitoring parameters will be evaluated in
accordance with Title 35 Ill. Admin. Code, Section 811.319(a)(4). The current required
evaluations include the comparison of the concentration of constituents in wells:

1. Over the last eight consecutive monitoring periods;

2. To the applicable MAPC values (if established);

3. To the preceding measured concentration (for the organic constituents);
and

4, To the applicable AGQS values.

As the AGQS and MAPC values have been established pursuant to statistical procedures,
the comparison in item numbers 2 and/or 4 above will satisfy the requirement of Title 35
lll. Admin. Code, Section 811.320(e) for statistical analysis of groundwater monitoring
data. According to current regulations, a monitored (observed) increase occurs when:

1. The concentration of any constituent monitored in a particular monitoring
well shows a progressive increase over eight consecutive monitoring
periods;

2. The concentration of any constituent in a particular monitoring well exceeds

the MAPC values at an established monitoring point within the zone of
attenuation;

3. The concentration of any organic constituent monitored annually in a
particular monitoring well exceeds the preceding measured concentration;
and

4, The concentration of any constituent monitored in a particular monitoring

well at or beyond the zone of attenuation exceeds its AGQS value.
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In the event a monitored (observed) increase occurs, Zion Landfill, Inc. will, within 48
hours of the observed increase, obtain a representative sample of the source water
in each well which is located within 200 feet of the affected well and whose owners
have agreed to participate in the monitoring program per the terms of the host
agreements in Appendix C.

Confirmation of Observed Increase

The observed increase will be confirmed in accordance with 35 Ill. Admin. Code,
Section 811.319(a)(4)(B). Current confirmation procedures generally includes taking
additional samples within 90 days of the initial observation to confirm the validity of
the initial sample. In the event an observed increase is confirmed, the following
procedures are generally followed:

1. Determine the source of any confirmed increase, which may include,
but not be limited to, natural phenomena, sampling or analytical errors,
or an off-site source;

2. The IEPA will be notified in writing no later than 180 days after the
original sampling event of any confirmed increase. Within this
notification, a demonstration will be made, if possible, that the increase
is a result of a source other than the Facility, providing rationale used
in such a determination; and

3. If an alternate source demonstration cannot be made or is denied by
the IEPA, assessment monitoring will be proposed.

In the event that there is a confirmed increase in the concentration of any constituent
in any monitoring well, and a demonstration that the confirmed increase is not caused
by the landfill is not made, the necessary steps will be implemented immediately.
These steps may include the following:

1. Assessment monitoring as outlined in 35 Ill. Admin. Code, Section
811.319(b);
2. Assessment of potential groundwater impact as outlined in 35 Ill.

Admin. Code, Section 811.319(c); and

3. Corrective action as outlined in 35 Ill. Admin. Code, Section 811.324,
811.325, and 811.326.

A remedy that will protect human health and the environment will be selected in
accordance with 35 Ill. Admin. Code, Section 811.325. The corrective action, if
appropriate, will be implemented and completed in accordance with the requirements
of 35 Ill. Admin. Code, Section 811.326.
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Leachate Monitoring

The existing facility has a leachate monitoring network as illustrated on Drawing No.
D5. There will ultimately be a total of 7 new leachate monitoring points for the
expansion area; one corresponding to each sump location as illustrated in Drawing
No. 10. Leachate will be sampled on a semi-annual basis in accordance with 35 IlI.
Admin. Code 811.309(g) and 35 IAC 811.319(a)(3)(C). Sampling will be conducted
as long as the leachate collection system is in operation (a minimum of 30 years after
closure of the facility), unless a reduced post closure sampling period is found to
sufficiently protect the public health and the environment. All test results will be
submitted to the IEPA. At a minimum, leachate will be analyzed for the same list of
parameters as the groundwater monitoring wells. The sampling procedure that will
be followed to collect leachate samples is provided in Appendix Q.

Landfill Gas Monitoring
Subsurface Monitoring

Subsurface landfill gas monitoring at the Site 2 North Expansion is proposed to be
conducted in accordance with the requirements of 35 Ill. Admin. Code Section
811.310. The proposed landfill gas probe network will be utilized to verify that the
landfill gas collection and containment systems are functioning as designed. The
proposed landfill gas monitoring network is illustrated on Drawing No. D14 . A
schematic of a typical landfill gas probe is illustrated in Diagram 2.8 -1. Landfill gas
probes will be inspected at the time of monitoring events for structural integrity and
proper operations.

Perimeter landfill gas monitoring probes are proposed to be constructed (see
Drawing No. D20 ) of 1-inch diameter Schedule 40, or equivalent material which will
not react with or be corroded by landfill gas. The probes will be equipped with
valve/hose pressure fitting(s), etc. as necessary to measure pressure and allow
collection of a representative sample of gas within the probes.

Diagram 2.8 -1 Schematic of a typical gas monitoring probe
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The monitoring zone for these probes will be in accordance with 811.310. Pipe joints
and fittings will be maintained in air-tight condition, and the probe will be installed with
a bentonite seal at the surface to minimize leakage. The design and construction of
the landfill gas monitoring system will not interfere with the operations of the liner or
leachate collection system, or delay the construction of the final cover system.

Subsurface landfill gas monitoring devices will be sampled on a periodic basis in
accordance with 811.310(c). At a minimum, below ground monitoring points will be
screened for methane, pressure, nitrogen, oxygen, and carbon dioxide as required by
the IEPA. Monitoring will be adjusted as necessary to comply with the federal, state,
and local regulations to ensure proper operation procedures.

Surface Emission Monitoring (SEM) and Ambient Air Monitoring

As discussed within Section 2.3 of this Application, in addition to subsurface landfill
gas monitoring, ambient air monitoring will be conducted around the perimeter of the
unit and in on-site buildings to verify that the landfill gas collection and containment
systems are functioning as designed. At least three ambient air monitoring locations
will be chosen, and samples must be taken no higher than 1 inch above the ground
and 100 feet downwind from the edge of the waste boundary or at the property
boundary, whichever is closer to the waste boundary. All buildings within the facility
will be monitored for methane by utilizing continuous detection devices located at
likely points where methane might enter each building. Ambient air monitoring
locations at the site will be monitored in conformance with the requirements of the
prevailing regulations which require sampling on a monthly basis for the entire
operating period and for a minimum of five years after closure. The sampling
frequency may be reduced to a quarterly frequency after five years of closure upon
approval by the IEPA.

Surface emissions monitoring (SEM) will be performed in accordance with 40 CFR
60.755 (c) and (d); 40 CFR 60, Appendix A, Method 21; and Title 35 IAC 220.240(c).
A flame ionization detector will be used to monitor the landfill surface along a site-
specific traverse pattern, and at areas suspected of exceeding 500 ppm methane,
including signs of gas bubbles, odors, stressed piping, etc. SEM events will be
performed on a quarterly basis for the entire landfill. Prior to each monitoring event,
background will be established as outlined in 40 CFR 60.755. The existing SEM Plan
has been updated to include the Site 2 North Expansion Area within Appendix L .

In the event of a methane exceedance of 500 ppm above background, the following
actions will be taken in accordance with 35 IAC 220.240(c)(4).

1. The location of each monitored exceedance will be marked and the
location recorded.

2. Cover maintenance or adjustments to the vacuum of the adjacent wells
to increase the gas collection in the vicinity of each exceedance shall
be made and the location will be re-monitored within 10 calendar days
after detecting the exceedance.

3. If the re-monitoring of the location shows a second exceedance,
additional corrective action will be taken, and the location will be
monitored again within 10 days after the second exceedance. If the
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re-monitoring shows a third exceedance for the same location, the
action specified in number 5 below will be taken.

4, If re-monitoring of the location does not show an exceedance, as
specified in numbers 2 or 3 above, the location shall be re-monitored
1 month from the initial exceedance. If the 1-month re-monitoring
shows a concentration less than 500 ppm above background, no
further monitoring of that location is required until the next quarterly
monitoring period. If the 1-month re-monitoring shows an exceedance,
the actions specified in numbers 3 above or 5 below, as appropriate,
will be taken.

5. For any location where there are three monitored exceedances within
a quarterly period, a new well or other collection device will be installed
within 120 calendar days after the initial exceedance. An alternate
remedy to the exceedance, such as upgrading the blower, header
pipes, or control device, and a corresponding timeline for installation
may be submitted to the IEPA for approval.

Surface Water Monitoring

A Stormwater Management Plan for the Site 2 North Expansion has been designed
to efficiently collect, route, and detain stormwater runoff from the Facility in an
environmentally sound manner as described in greater detail within Section 2.4 of this
Application. Environmental monitoring of surface water will occur in accordance with
NPDES permits which will be modified for the proposed expansion as development
progresses. Surface water monitoring and analysis will be performed per the site-
specific Stormwater Pollution Prevention Plan and NPDES Permits.

Conclusions

The potential for the Site 2 North Expansion to impact the environment has been
evaluated. In addition to the results of the GIA which demonstrate that the facility will
not have an adverse impact on the groundwater quality, a comprehensive
groundwater monitoring program has been designed for the Site 2 North Expansion.
Additionally, Facility operations will include leachate monitoring, subsurface landfill
gas monitoring, ambient air monitoring, and surface water monitoring. The
Environmental Monitoring Plan at the Facility will serve as an additional safeguard to:

X Monitor potential sources of environmental impact at the facility;

X Verify that the facility design and construction are properly
functioning to protect the public health, safety and welfare; and

X Provide an early warning system in the unlikely event of a leachate or
landfill gas release.

Monitoring will follow strict quality control, quality assurance, and chain of custody
procedures.
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Attachment 4
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MIGRATE Sensitivity Analysis - Zion Landfill Site 2 North Expansion

The potential impact from the proposed landfill was evaluated 3¢ fleveloping a conceptual
model of the site stratigraphy and hydrogeologic conditions, and then asgigoinysical

characteristics and engineering properties to the principal material typés included as model
input parameters for the conceptual model. The baseline model wasubed to evaluate the
site hydrogeologic conditions after development of the landfill and siiswk. The baseline
model considered the properties and physical conditions most likefgpresent expected site
conditions. Conservative assumptions were used in the modeling. The refstliies baseline

model were evaluated at the base of the Wadsworth Formation prior &zieng the Shallow
Drift Aquifer (uppermost aquifer) and the Zone of Attenuatio®£¢

While the baseline model conservatively generate@roundwater Concentration Prediction
Factor (GCPF) prior to the ZOA, there was a concern that the baseline modeitwasny into
account the landfill base length in the direction of groundwater flovthe uppermost aquifer.
Therefore, this MIGRATE sensitivity analysis was preformed to determineirigattieé landfill
base would generate a higher predicted GCPF in the uppermost agtiifez ZOA.

MIGRATE Sensitivity Analysis Input

The following information documents the assumptions and values usedhirMIGRATE
sensitivity model. The sensitivity model represents the anticipatedcsinditions for the design
and hydrogeologic setting of the proposed Site 2 North Expansion and SliteeZassumptions
and values are based on the actual design and CQA plan proposed in tietagppland the
information obtained from the hydrogeologic investigation (Section 2 @Jjhen site specific or
permitted values were not available, appropriate and conservative values frenatlite or

values recommended by the IEPA were used.

Model Input

MIGRATE requires values for the input parameters identified in Table 1. The solthes
assigned parameter values for this sensitivity analysis are described as foll@atbe extent
possible, site- or chemical-specific values were used. As previously mentioned sitéreor
chemical-specific parameters were not available, appropriate values were obtaioed fr
published literature or by values recommended by the IEPA. In geneeainput parameter
values assigned for use in this sensitivity analysis were intentionallgcbialsen site-specific
values were not available, to result in a higher predicted GCPF inpgpermost aquifer to
conform to IEPA conservative approaches. An example of a "conservative" vakiagsan
adsorption coefficient, Kd, equal to zero for constituents that wiaeladily be adsorbed to the
liner material and in-situ till of the Wadsworth Formation.

All model input must have consistent units. Each of the modeitipprameters are discussed
briefly in the following paragraphs. Documentation for model input patams is included
within Attachment 1 at the end of this sensitivity analysis.
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MIGRAT

Sensitivity Analys
TABLE 1
SENSITIVITY ANALYSIS - INPUT PARAMETER VALUES
Parameter Value Notes Data
Landfill Base Length (L)(m) 673.89 Longest Distance Across the Landfill B{1,2,3
Initial Leachate Concentration (Co) 1 Unit Leachate Concentration 2,3
Number of Layers 4 Total Number of Modeled Layers 1,2
Modeling Period (years) 147 47 Years of Active Life Plus 100 Years 1.2
Closure

TALBOT PARAMETERS
TAU 7 2
Sigma 0 Talbot Parameters for the Numerical |2
RNU 4 Inversion of the Laplace Transform 2
N 40 2
GAUSS INTEGRATION PARAMETERS
Gauss Integration Parameters Select Selected Gauss Integration Parameterg 2
Layer 1t60-mil HDPE Geomembrane Liner
Sublayers 1 Model Parameter 2
Thickness (b) (m) 0.0015 Design Specification 1,2
Porosity (n) 1 Assume all Flow through Pinholes 1,2
Adsorption Coefficient (K) (Kg#n 0.0 No Adsorption Modeled 2,3

PE S1tv ~,° 0.0 No Degradation Modeled 2.3

ve]SC ~E&) ~<Plu 940 , W D vu( SuE EJ[* "% [1,2
Vertical Darcy Velocity (m/yr) 3.08 x 1¢ agévdnward Seepage Rate with 12-Inch 2
Horizontal Darcy Velocity (m/yr) 0.0 Assuming Vertical Flow in Liner (only) |1,2
Effective Diffusion Coefficient (D*) tfyr) |3.0 x 1 [IEPA Recommended Value 2,3
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MIGRAT

Sensitivity Analys
TABLE 1 (Continued)
SENSITIVITY ANALYSIS - INPUT PARAMETER VALUES
Parameter Value Notes Data
Dm = D* (Dispersion was set equal to
: . . diffusion due to the low seepage rate o
Mechanical Dispersion Coef. (Dmyyr) 3.0x 16 |of the liner, movement will be dominate 2.3
by diffusion)
D = D* (Due to the low seepage rate,
Coef. of Hydrodynamic Disp. (D)*(yn) |3.0x 1 [movement will be dominated be 53
diffusion) '
Layer 2t Recompacted Cohesive Soil Liner
Sublayers 5 Model Parameter 2
Thickness (b) (m) 1.524 Design Specification 1,2
Derived from the average total porosity
. from laboratory results for the
Porosity (n) 0.25 Wadsworth Formation based on Sara 1.2
(1994). (Used in Liner Construction)
Adsorption Coefficient (K) (Kg#in 0.0 No Adsorption Modeled 2,3
PE S]}v ~, 0.0 No Degradation Modeled 2,3
“ Value Obtained from Laboratory Resulf
ve]SC &) ~<Plu 1,896.5 for the Wadsworth Formation 1.2
Vertical Darcy Velocity (m/yr) 3.08 x 168 |Assuming Outward Gradient 2,3
Horizontal Darcy Velocity (m/yr) 0.0 Assuming Vertical Flow in Liner (only) |1,2
Effective Diffusion Coefficient (D*) ffyr) [0.019 IEPA Accepted Value 2,3
Mechanical Dispersion Coef. (DmYfym) (0.019 Dn = D (Dispersion equal to diffusion) 2,3
Coef. of Hydrodynamic Disp. (D)(yn) [0.019 Movement Dominated by Diffusion 2,3
Layer 3t Wadsworth Formation
Sublayers 11 Model Parameter 2
Average Thickness of Wadsworth
Thickness (b) (m) 10.27 Formation to Remain Between the Ling 1,2
System and uppermost aquifer
Derived from the average total porosity
. from laboratory results for the
Porosity (n) 0.25 Wadsworth Formation based on Sara 1.2
(1994).
Juy 2, 2024
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TABLE 1 (Continued)
SENSITIVITY ANALYSIS - INPUT PARAMETER VALUES

Parameter Value Notes Data
Adsorption Coefficient (K) (Kg#n 0.0 No Adsorption Modeled 2,3
PE S]tv ~, 0.0 No Degradation Modeled 2,3
C15G @) <Py [ievss |iae Chneton raberon Resi,
Vertical Darcy Velocity (m/yr) 3.08 x 1¢8 |Assuming Outward Gradient 2,3
Horizontal Darcy Velocity (m/yr) 0.0 Assuming Vertical Flow (only) 1,2
Effective Diffusion Coefficient (D(m?/yr) [0.019 IEPA Accepted Value 2,3
Mechanical Dispersion Coef. (Dm)y/yn) |0.019 Dn = D (Dispersion equal to diffusion) (2,3
Coef. of Hydrodynamic Disp. (D)*yn) |0.019 Movement Dominated by Diffusion 2,3
Layer 4t Shallow Drift Aquifer (Uppermost Aquifer)
Sublayers 5 Model Parameter 2
Thickness (b) (m) 11.46 Average Thickness of Uppermost Aquif 2
Derived from the average total porosity
Porosity (n) 0.37 from laboratory results for the Shallow |1,2
Drift Aquifer based on Sara (1994).
Adsorption Coefficient (K) (Kg#in 0.0 No Adsorption Modeled 2,3
PE S]}v ~,° 0.0 No Degradation Modeled 2,3
156 @ <Pl uerer|iabe Coanedten ebermon Resi,
Vertical Darcy Velocity (m/yr) 3.08 x 1¢ |Assuming Outward Gradient 2
Site-Specific Geometric Mean Horizont
Horizontal Hydraulic Conductivity (cm/g3.57E04 [Hydraulic Conductivity for th8hallow |1
Drift Aquifer
Horizontal Hydraulic Gradient 0.002401 g:‘i;}sepgﬁgilfouoggg rk\/qﬁ‘i\;:rrage Gradie 1
Calculated Using the Site-Specific
Horizontal Darcy Velocity (m/yr) 0.27 Sr?é)mgche':f;,aA?/el_rzgZzag"r;d?ggtdgf :ir:/;t) 1,2
Shallow Drift Aquifer
Effective Diffusion Coefficient (0(n?lyr) [0.064 | '€ Solution Diffusion of Chioride at |, o

Infinite Dilution 25 deg. C
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MIGRAT
Sensitivity Analys

TABLE 1 (Continued)
SENSITIVITY ANALYSIS - INPUT PARAMETER VALUES

Parameter Value Notes Data

Per Xu and Eckstein, 1995 (0.83(log
landfill length)*2.414 = 0.83 (log
Horizontal Dispersivity (m/yr) 7.45 673.89)"2.414 = 10.21 m) Multiplied by| 1,2
the Horizontal Groundwater Seepage
Velocity (darcy velocity/porosity)

Vertical Dispersivity (m/yr) 0.745 Ten Percent of the Vertical Dispersivity| 1,2

Explanation of Data:

1. Value is based on actual anticipated site conditions

2. Value is required model input parameter

3. Value is conservative value which will result in higher predicted concentrations than the
actual anticipated site conditions

Landfill Length

The landfill flow length must be specified in MIGRATE. For modelipgsas, this value is the
length of the bottom of the leachate collection system along thpermost aquifer groundwater
flow path. Generally, groundwater flow in the uppermost aquifer 8aasterly and northerly.
As a result, the sensitivity analysis landfill flow length was congeeltmeasured from
southwest to northeast across the entire landfill at the longest soattvwto northeast distance
below the landfill. The estimated landfill flow length is approxehat73.89 m (2,210.94 ft).
Documentation establishing the landfill flow length is in@d inAttachment 1 at the end of this
sensitivity analysis.

Initial Leachate Concentration

The initial leachate concentration input used was one (1). This valuaititess because it
represents unit leachate concentration of any given constituent. Thezetbe model results
represent a fraction of the initial leachate concentration for any paléicaonstituent.

Model Layers

Four layers were modeled in this sensitivity analysis; a 60-mil HDPE geaanertiber, a 5-foot
recompacted cohesive soil liner (1.0 x“16m/sec), approximately 33.7 feet (10.27 m) of the
Wadsworth Formation, and approximately 37.59 ft (11.46 oh)the Shallow Drift Aquifer
(uppermost aquifer).
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MIGRATE also allows a layer to be subdivided so that the predicted conmanuiggtribution
within a layer can be evaluated. The HDPE geomembraneriieempacted cohesive soil liner,
Wadsworth Formation, and Shallow Drift Aquifer were divided into,1,15and 5 sublayers,
respectively.

Modeling Period

The modeling period is the expected life of the landfill plusyi€drs after closure. The expected
life of the landfill has been estimated to be approximately 47 y€b998 to 2044), resulting in a
modeling period of 147 years. The expected life of approximately 47 yeasdd bn the time
when waste placement activities commenced at the first Site 2 Expamsidarch 1998 and an
ending operating life of 2044.

Talbot Parameters

MIGRATE uses a Laplace transform to find the solution to the advetiiparsion equation. The
numerical inversion of the Laplace transform depends on the Talbot parameidrs. model
provides default values for the Talbot parameters or they can be selectdtehyser. The Talbot
parameters were selected in this sensitivity analysis (Tau = 7, N g400Sand RNU = 4).

Gauss Integration Parameters

MIGRATE performs numerical integration to arrive at a final solution. These nameric
integrations are performed by dividing the integration range into a nendf subintervals and
then using Gauss quadrature within each subinterval. Three (3) parassneigst be specified in
the data input. These parameters are the integration step size, the nuniletegration steps,
and the number of sample points. The program offers three (3 sktdefault values or the
ability to select each of the parameters. For this sensitivity analységration values were
selected. Although selecting integration values requires additional atatipnal effort and
time, this option was employed to provide adequate integration for the medidayers at the
subject site to calculate the groundwater concentration prediction factor.

Boundary Conditions

MIGRATE requires the specification of an upper and lower boundarytioondr he top boundary
condition typically represents the landfill as a potential source. Whedatmg the landfill as a
surface boundary, the concentration of each constituent in leachate @amadsumed to be
constant or a specific mass can be assumed to be present. Assumingrfasgeresults in a
decreasing source concentration over time, which would most accuratptgsent the fact that
leachate concentrations in landfills with leachate collection esmdoval systems will gradually
decrease over time. However, a constant concentration was assumed as it resafiservative
model results.
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The lower boundary condition can be specified as permeable, impermeatlezero
concentration. For this sensitivity analysis, the impermeable botbmundary condition was
utilized. The impermeable bottom boundary is conservative as it does not allotraasynission

of contaminant across this boundary. If the bottom boundary was not assumed to be
impermeable, contaminants would actually diffuse across this boundary and movly stov

the Lower Till below the site (diluting concentrations).

Darcy Velocity

MIGRATE requires the input of the Darcy velocity for each layer in horizamdalertical
directions.

This sensitivity analysis was modeled outward through all modeled layers \iatht bf leachate
head acting on the system (a calculated outward vertical Darcy Velocity of 3.0Bm\{0).

In addition to the outward vertical Darcy Velocity, a horizontal Daatgcity will also be applied

to the Shallow Drift Aquifer (uppermost aquifer). Analysis ofibientiometric maps developed

for the uppermost aquifer indicate the presence of an average bota gradient of
approximately 0.002401 in the northerly direction, 0.000386 in the eastirction, and overall
average 0.001393. The average horizontal gradient of approximately 0.002401 in the Iyorther
direction was conservatively used for this sensitivity analysis. Usmgyéometric mean
horizontal hydraulic conductivity for the Shallow Drift Aquifer (3¥670% cm/sec). With a
gradient of 0.002401, a Darcy velocity dDm/yr was calculated.

Hydrodynamic Dispersion Coefficient

MIGRATE requires the input of hydrodynamic dispersion coefficients tbrthe vertical and
horizontal directions for each layer. The hydrodynamic dispersion coeffisiealculated by the
following equation:

D =D* Hy (Equation 1)
where,
D = the hydrodynamic dispersion coefficient (m2/y);
D = the dispersivity (m);
% = the groundwater seepage velocity (m/y);
D* = the effective diffusion coefficient (m2/y).

Table 1 lists the model input dispersion coefficient values. Thergothiransport mechanism
for the HDPEecompacted cohesive soil liner, and Wadsworth Formation is diffusionaitiet
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low outward seepage rate (3.08 x4@/yr). Dispersivity is negligible due to the low outward
seepage rate, therefore the hydrodynamic dispersion coefficient is equahé¢ effective
diffusion coefficient. The diffusion rate in the clay liner sv@dsworth Formation will be greater
than the conservative seepage rate out of the landfill. An effectifasiitin coefficient of 3.0 x
10° m?/y has historically been recommended by the IEPA for the 60 mil HDPE geomembra
liner. This value was used in the sensitivity analysis. An of0.019 ni/yr (Rowe, Quigley,
Brachman, and Booker, 2004) was used to represent the effective diffasedficient in the five

(5) foot recompacted cohesive soil liner and Wadsworth Formation. Documentatidine
Hydrodynamic Dispersion Coefficients is provided in Attachment 1.

In the Shallow Drift Aquifer (uppermost aquifer), dispersion needd&doconsidered in the
hydrodynamic dispersion coefficient. The weighted least-squares metkedribed by Xu and
Eckstein (1995) was used to determine the horizontal dispersivity (0.83(Log Lzawtjihy

= 0.83(Log 673.8934=10.21 m). The horizontal dispersion coefficient was then obtained by
taking the horizontal Darcy velocity 0.27 m/yr dividing by the porositg7j0(creating the
groundwater seepage velocity 0.73 m/yr) and multiply by the dispersi@2({ m). A horizontal
dispersion coefficient value of 7.45 m/yr was obtained and useddrsénsitivity analysis. With
the dispersion coefficient dominating over the diffusion coefficjetite Hydrodynamic
Dispersion Coefficient will be set equal to the dispersion coeftici&€he vertical dispersion was
estimated to be ten percent of the horizontal dispersion.

Porosity and Dry Density Input

Table 1 lists the porosity and effective porosity and dry denatyes for the model layers. The
porosity of the 60 mil HDPE geomembrane liner was assumed to be one (1) Watv altcurring
through the pinholes in the liner. The density of the HDPE liner wasined from

u vpa( SuE EJ[* *% ](] S]}tveX

The effective porosity value for thecompacted cohesive soil liner and Wadsworth Formation
was derived from laboratory data for the Wadsworth Formation, whichldeen provided in
Section 2.2 of the Application. The laboratory measured porosity values of the \Gddsw
Formation were converted to effective porosities based on empirical data gedvby Sara
(1994) as shown in Attachment 1. As provided in Attachment 1, the effectiwsipoof the
Wadsworth Formation ranges from 0.21 to 0.32, with an average of 0.25. The pgeent
difference between the total and effective porosity for a clay was conseelgtused to calculate
the effective porosities. The clay from the Wadsworth Formation will be tecbnstruction

of therecompacted cohesive soil liner.

The effective porosity value for the Shallow Drift Aquifer was derivah 1aboratory data for
the Shallow Drift Aquifer, which has been provided in SectionoR.the Application. The
laboratory measured porosity values of the Wadsworth Formation were conveotedféctive
porosities based on empirical data provided by Sara (1994) as shown in Attachmehs 1
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provided in Attachment 1, the effective porosity of the Shallow DXxduifer ranges from 821
to 0.395, with an average of367. The percentage difference between the total and effective
porosity for a loamy sand was conservatively used to calculate the effective fEgosi

Adsorption Coefficient

The adsorption coefficient (Kd) is used to simulate retardatiatoastituents in the subsurface.
The adsorption coefficient is specific to each particular compa@nutithe geologic material.

Although adsorption can play a significant role in retarding thigration of numerous
constituents in groundwater, it is conservatively assumed that the adsorpezfficientsare
zero in this sensitivity analysis.

Degradation

Degradation is used to simulate degradation of constituents insthiesurface. Degradation is
specific to each particular compound.

Although degradation can play a significant role in reducing the nmgradf numerous
constituents in groundwater, it is conservatively assumed that degradatiootipresent in this
sensitivity analysis.

Model Assessment Distance

The model assessment distance is not a model input parameter. However, thiscdist needed
in order to evaluate the results of this sensitivity analysis since theehmuy provides results
for specified distances. The results provided by MIGRATE for a [zarti@tance are relative to
the center of the landfill along the longest groundwater floatlp Therefore, when evaluating
the results reported for all the various distances evaluated in the varioushmgdsteps, the
lateral distance to the center of the landfill needs to be coestd and augmented accordingly.
The model assessment distance is thus defined here as the distance from teeafahe landfill
to the edge of the ZOA along the longest flow path. The ZOA, asdéfhirB5 Ill. Admin. Code
810.103, is the "three-dimensional region formed by excluding the volume occhpitd waste
placement from the smaller of the volumes resulting from the verticahe$ drawn to the
bottom of the uppermost aquifer at the property boundary or 100 feenirthe edge of one or
more adjacent units." For the proposed landfill, the edge of the ZOA ige#d@rom the waste
boundary.

Thus, the model assessment distance becomes the sum of half of thelléewjih plus the
sidewall distance plus the compliance distance along the lontgegtdath. As stated, before in
the landfill length section, the landfill length is 673.89 m 18,24 ft). The distance created by
the minimum side wall width at the northern end of the ldiids 37.44 m (122.84 ft) and the
compliance distance is 30.48 m (100 ft). The corresponding model assessrtartalis 404.87
m ((673.89/2) + 37.44 + 30.48). The concentrations are also predicted at 1/2/armd the
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distance between the waste boundary and the limit of the ZOA. The corresgpnubadel
assessment distances are 384.55 m ((673.89/2) 443# (30.48*1/3)) and 394.71 m ((673.89/2)
+ 3744 + (30.48*2/3)).

MIGRATE Sensitivity Analysis Results

The MIGRATE sensitivity analysis output for the Site 2 North Expansidadsdnia Attachment

1. The model-predicted representative maximum GCPF for the entire 14 &iymalation period

at the edge of the zone of attenuation in the Shallow Drift Agpuffippermost aquifer) is 8.19
100, The Shallow Drift Aquifer (uppermost aquifer) was subdividecbistablayers. Therefore,
5 GCPFs were calculated in the Shallow Drift Aquifer. The hiG@#F was used for calculating
predicted groundwater concentrations.
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Client: GFL Everglades Holdings, LLC

Project: Site 2 North Expansion

Calculated By: LYN Date: 4/3/2020
Title:  Giroud et al. Calculation Checked By: DJD Date: 4/3/2020

Problem Statement
Calculate outward leakage through the composite liner design based on Giroud et al. (1989).
Given
1 Outward gradient with 1 foot of differential head acting on the liner during operational and post-closure periods.
2 Poor contact between the geomembrane and the compacted soil liner (CSL) is conservatively assumed.
3 lllinois Environmental Protection Agency (IEPA) accepted geomembrane defect area of 4 cm? per acre.

Solution

The volumetric rate of leakage through geomembrane defect (Q) expressed in m3/s/acre =

Q =1.15 hw®® a%* ks®™ Giroud et al. (1989)
Where,
hw = Differential head acting on top of the composite liner
a= Area of the geomembrane defect
ks = Saturated hydraulic conductivity of the CSL
Q= Volumetric rate of leakage = 1.15 hw®® a®* ks®™
qy = Vertical leakage rate in m/s = (Q/1 acre/4047 m?)

1) 1 foot of differential head on CSL (1 E-07 cm/s).

hw = Differential head acting on the composite liner = 1.0 ft= 0.3048 m

a= Area of the geomembrane defect = 4.00 cm?/acre= 0.0004 m?/acre

ks = Saturated hydraulic conductivity of the CSL= 1E-07 cm/s = 1E-09 m/s

Q= Volumetric rate of leakage = 1.15 hw®® a%* ks®"™ = 3.95E-08 m®/s/acre

qy = Vertical leakage rate in m/s = (Q/1 acre/4047 m?) = 9.76E-12 m/s = 3.08E-04 mly
Reference

Giroud, J.P., A. Khatami, and K. Badu-Tweneboah. Geotextiles and Geomembranes, Vol. 8, 1989, pp. 337 - 340.
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TABLE 1
ZION LANDFILL SITE 2 NORTH EXPANSION
SUMMARY OF GEOTECHNICAL LABORATORY TEST RESULTS FOR WADSWORTH TILL

Properties Below Taken from Hydraulic Conductivity Test Data (ASTM D5084
or Specific Gravity Test Data (ASTM D854)
Grain Size Analysis: Atterberg Limits: Moisture Dry Unit  Total Unit  Sat. Unit
uscs ASTMCISG&ASTMDIL)  ASTMDA3IS | ooecific  void Saturatior Content \Weight — Weight —Weight | = yqr. cond.
Boring | Sample| Depth BGY Soil Gravel Sand Silt Clay Gravity Ratio Porosity — "S" W " Viy' " Votal' "\ ke
No. No. (feet) Class. Soil (%) %) (%) (%) PL LL Pl "G e "n" (%) (%) (pcf) (pcf) (pcf) (cm/sec)
B-01-14§ ST-3! 68.0-70.0'CL |Grey CLAY - - - - - - -1 2.750 0.42 0.30 98.0 15.0 120.7 138.9 139.3 2.38E-08
B-03-14 ST-34 66.0 - 68.0' CL |Dark Grey Silty CLAY - - - - 2.750 0.38 0.28 92.0 127 124.3 140.2 141.9 4.77E-08
B-05-14§ ST-3 72.0-74.0'CL |Brown-Grey CLAY 3 2.750 0.67 0.40 99.0 243 102.6 127.5 127.9 4.85E-08
B-10-14 ST-3 58.0-60.0' CLML Grey Silty CLAY with thin layers of dry YILT - - - - - -2.750 - 0.45 0.31 87.0 14.3 118.1 135.0 1B7.6 9.84E-08
B-11-1§ ST-2 56.0 - 58.0'CL |Grey CLAY - - - - - - -1 2750 0.46 0.31 100.0 16.6 117.9 1375 1B7.4 3.63E-08
B-14-14 ST-3: 64.0 - 66.0'CL |Grey Silty CLAY 3 H 3 H 2.750 0.35 0.26 84.0 10.8 126.9 140.6 1p3.2 3.65E-08
B-01-14 SS-2 44.0 - 46.0'CL |Grey Lean CLAY with Sand 2.2 19.1 51.8 269 11 26 5 - - - - - - -
B-01-14 SS-2 52.0-54.0'CL |Light Grey Lean CLAY 0.8 55: 529 40B 12 34 . 4 - - - - - - -
B-02-14§ SS-3 58.0-60.0' CL |Light Brown Lean CLAY 0.2 7.7: 559 36p 12 30 1B - - - - - - -
B-02-14 SS-3 64.0 - 66.0'CL |Grey Silty Lean CLAY with Sand 1.3 18.1 585 221 10 21 1 - - - - - - -
B-03-14 SS-2 56.0 - 58.0'CL |Grey Lean CLAY 1.7 7.7 55.6 35D 15 30 i 3 - - - - - - -
B-03-14§ SS-3 62.0 - 64.0'CL |Grey Silty Lean CLAY 0.9 6.4: 522 40pb 15 32 ¥ - - - - - - -
B-04-14 SS-2 38.0-49.0'CL |Greay Sandy Lean CLAY 9.4 27.4 512 120 11 19 8 - - - - - - -
B-04-14 SS-2 44.0 - 46.0'CL |Light Grey Lean CLAY with Sand 2.9 19.8 48.0 293 11 29 8 - - - - - - -
B-05-14 SS-3. 60.0 - 6p.0'CL |Light Grey Lean CLAY 0.0 123 529 34B 13 28 5 - - - - - - -
B-06-14 SS-3 60.0 - 6p.0'CL |Grey Lean CLAY 11 11.2 52.3 354 12 33 n - - - - - - -
B-07-14 SS-1 28.0-30.0'CL |Light Brown Lean CLAY 0.9 125 64.7 21pP 14 23 9 - - - - - - -
B-07-14 SS-2 46.0 - 48.0'CL |Grey Lean CLAY with Sand 14 18.00 56.8 238 13 27 4 - - - - - - -
B-08-14 SS-3 58.0-6.0'CL |Brown, Grey Lean CLAY with Sand 0.6 19.1 532 27 13 28 5 - - - - - - -
B-09-14 SS-2 42.0-44.00 CUML Grey Silty CLAY with Sand 1.0 274 620 9. 14 18 4 - - - - - -
B-09-14 SS-2 54.0-56.0'CL |Grey Lean CLAY with SAND 2.0 17.22 52.1 28y 14 27 3 - - - - - - -
B-10-14 SS-2 44.0- 46.0'CL |Brown-Grey Lean CLAY with Sand 2.6 17.6. 49.7 301 14 26 2 - - - - - - -
B-10-14 SS-2 54.0-56.0'CL |Grey Lean CLAY with SAND 3.2 16.6: 49.7 30k 14 28 4 - - - - - - -
B-11-14 SS-2 42.0-44.00 CUML Grey Sandy Silty CLAY 3.1 36.22 494 11pB 12 17 5 - - - - - -
B-11-14 SS-2 54.0-56.0'CL |Grey Lean CLAY with Sand 0.9 19.22 504 29k 14 27 3 - - - - - - -
B-12-14 SS-2 52.0-54.0'CL |Grey Lean CLAY with Sand 4.4 18.1 49.2 28'3 13 25 2 - - - - - - -
B-12-14 SS-3 62.0 - 64.0'CL |Grey Lean CLAY with Sand 3.6 17.4  55.7 23'3 12 25 3 - - - - - - -
B-13-1§ SS-1 32.0-34#.0' CUML Grey Silty CLAY 0.0 15 795 19p 15 22 7 - - - - - -
B-13-14 SS-2 50.0-5p.0'CL |Grey Lean CLAY with Sand 55 17.8 50.8 259 14 26 2 - - - - - - -
B-14-14 SS-2 50.0 - 5p.0'CL |Grey Lean CLAY 0.0 0.4° 497 49p 18 40 . 4 - - - - - - -
B-14-14 SS-3 60.0-6p.0' CUML Brownish Grey Sandy Silty CLAY 0.6 4160 438 140 12 18 6 - - - - - -
B-15-14 SS-2 46.0 - 48.0'CL |Greay Sandy Lean CLAY 6.0 2520 429 25P9 14 28 4 - - - - - - -
B-15-14 SS-2 56.0-58.0'CL |Grey Lean CLAY 0.0 15 549 43p 15 32 g - - - - - - - - -
Minimun] 0.0 0.4: 42. 9. 10:0 1%.0 4.0 2.750 0.36.26 84.0 10.8 102.6 127.5 127.8 2.38E-08
Maximun] 9.4 41.6: 79. 4919 180 40.0 220 2.750 0.67.40 100.0 24.3 126.9 140.6 143.2 9.84E-08
Averagqd 2.1 16.4: 53. 280 132 26.6 B4 2.750 0.4831 93.3 15.6 118.4 136.6 137.8 4.85E-08
Note:
1) Values in cells shaded in gray were calculated using the soil density relationships below.
Soil Density Relationships: Porosity Effective Porosit
3= 1@ x J1/(1+e) Average 0.31 0.31 x 0.816:25
Jia= [(G+Se) xJ1/ (1+e) Minimum 0.26 0.26 x 0.816:21
Fa= Jx (L +w% / 100)) Maximum 0.4 0.40 x 0.816:32

Ji= [G+e) x J1/(1+e)

S%=WxQ /e
n=e/(1+e)
e=n/(1-n)

Dry Density Average = 118.4108886.5 kg/in
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TABLE 1
ZION LANDFILL SITE 2 NORTH EXPANSION
SUMMARY OF GEOTECHNICAL LABORATORY TEST RESULTS FOR WADSWORTH TILL

Properties Below Taken from Hydraulic Conductivity Test Data (ASTM D5084
or Specific Gravity Test Data (ASTM D854)
Grain Size Analysis: Atterberg Limits: Moisture Dry Unit  Total Unit  Sat. Unit
uscs ASTMCISG&ASTMDIL)  ASTMDA3IS | ooecific  void Saturatior Content \Weight — Weight —Weight | = yqr. cond.
Boring | Sample| Depth BGY Soil Gravel Sand Silt Clay Gravity Ratio Porosity — "S" W " Viy' " Votal' "\ ke
No. No. (feet) Class. Soil (%) %) (%) (%) PL LL Pl "G e "n" (%) (%) (pcf) (pcf) (pcf) (cm/sec)
B-01-14§ ST-3! 68.0-70.0'CL |Grey CLAY - - - - - - -1 2.750 0.42 0.30 98.0 15.0 120.7 138.9 139.3 2.38E-08
B-03-14 ST-34 66.0 - 68.0' CL |Dark Grey Silty CLAY - - - - 2.750 0.38 0.28 92.0 127 124.3 140.2 141.9 4.77E-08
B-05-14§ ST-3 72.0-74.0'CL |Brown-Grey CLAY 3 2.750 0.67 0.40 99.0 243 102.6 127.5 127.9 4.85E-08
B-10-14 ST-3 58.0-60.0' CLML Grey Silty CLAY with thin layers of dry YILT - - - - - -2.750 - 0.45 0.31 87.0 14.3 118.1 135.0 1B7.6 9.84E-08
B-11-1§ ST-2 56.0 - 58.0'CL |Grey CLAY - - - - - - -1 2750 0.46 0.31 100.0 16.6 117.9 1375 1B7.4 3.63E-08
B-14-14 ST-3: 64.0 - 66.0'CL |Grey Silty CLAY 3 H 3 H 2.750 0.35 0.26 84.0 10.8 126.9 140.6 1p3.2 3.65E-08
B-01-14 SS-2 44.0 - 46.0'CL |Grey Lean CLAY with Sand 2.2 19.1 51.8 269 11 26 5 - - - - - - -
B-01-14 SS-2 52.0-54.0'CL |Light Grey Lean CLAY 0.8 55: 529 40B 12 34 . 4 - - - - - - -
B-02-14§ SS-3 58.0-60.0' CL |Light Brown Lean CLAY 0.2 7.7: 559 36p 12 30 1B - - - - - - -
B-02-14 SS-3 64.0 - 66.0'CL |Grey Silty Lean CLAY with Sand 1.3 18.1 585 221 10 21 1 - - - - - - -
B-03-14 SS-2 56.0 - 58.0'CL |Grey Lean CLAY 1.7 7.7 55.6 35D 15 30 i 3 - - - - - - -
B-03-14§ SS-3 62.0 - 64.0'CL |Grey Silty Lean CLAY 0.9 6.4: 522 40pb 15 32 ¥ - - - - - - -
B-04-14 SS-2 38.0-49.0'CL |Greay Sandy Lean CLAY 9.4 27.4 512 120 11 19 8 - - - - - - -
B-04-14 SS-2 44.0 - 46.0'CL |Light Grey Lean CLAY with Sand 2.9 19.8 48.0 293 11 29 8 - - - - - - -
B-05-14 SS-3. 60.0 - 6p.0'CL |Light Grey Lean CLAY 0.0 123 529 34B 13 28 5 - - - - - - -
B-06-14 SS-3 60.0 - 6p.0'CL |Grey Lean CLAY 11 11.2 52.3 354 12 33 n - - - - - - -
B-07-14 SS-1 28.0-30.0'CL |Light Brown Lean CLAY 0.9 125 64.7 21pP 14 23 9 - - - - - - -
B-07-14 SS-2 46.0 - 48.0'CL |Grey Lean CLAY with Sand 14 18.00 56.8 238 13 27 4 - - - - - - -
B-08-14 SS-3 58.0-6.0'CL |Brown, Grey Lean CLAY with Sand 0.6 19.1 532 27 13 28 5 - - - - - - -
B-09-14 SS-2 42.0-44.00 CUML Grey Silty CLAY with Sand 1.0 274 620 9. 14 18 4 - - - - - -
B-09-14 SS-2 54.0-56.0'CL |Grey Lean CLAY with SAND 2.0 17.22 52.1 28y 14 27 3 - - - - - - -
B-10-14 SS-2 44.0- 46.0'CL |Brown-Grey Lean CLAY with Sand 2.6 17.6. 49.7 301 14 26 2 - - - - - - -
B-10-14 SS-2 54.0-56.0'CL |Grey Lean CLAY with SAND 3.2 16.6: 49.7 30k 14 28 4 - - - - - - -
B-11-14 SS-2 42.0-44.00 CUML Grey Sandy Silty CLAY 3.1 36.22 494 11pB 12 17 5 - - - - - -
B-11-14 SS-2 54.0-56.0'CL |Grey Lean CLAY with Sand 0.9 19.22 504 29k 14 27 3 - - - - - - -
B-12-14 SS-2 52.0-54.0'CL |Grey Lean CLAY with Sand 4.4 18.1 49.2 28'3 13 25 2 - - - - - - -
B-12-14 SS-3 62.0 - 64.0'CL |Grey Lean CLAY with Sand 3.6 17.4  55.7 23'3 12 25 3 - - - - - - -
B-13-1§ SS-1 32.0-34#.0' CUML Grey Silty CLAY 0.0 15 795 19p 15 22 7 - - - - - -
B-13-14 SS-2 50.0-5p.0'CL |Grey Lean CLAY with Sand 55 17.8 50.8 259 14 26 2 - - - - - - -
B-14-14 SS-2 50.0 - 5p.0'CL |Grey Lean CLAY 0.0 0.4° 497 49p 18 40 . 4 - - - - - - -
B-14-14 SS-3 60.0-6p.0' CUML Brownish Grey Sandy Silty CLAY 0.6 4160 438 140 12 18 6 - - - - - -
B-15-14 SS-2 46.0 - 48.0'CL |Greay Sandy Lean CLAY 6.0 2520 429 25P9 14 28 4 - - - - - - -
B-15-14 SS-2 56.0-58.0'CL |Grey Lean CLAY 0.0 15 549 43p 15 32 g - - - - - - - - -
Minimun] 0.0 0.4: 42. 9. 10:0 1%.0 4.0 2.750 0.36.26 84.0 10.8 102.6 127.5 127.8 2.38E-08
Maximun] 9.4 41.6: 79. 4919 180 40.0 220 2.750 0.67.40 100.0 24.3 126.9 140.6 143.2 9.84E-08
Averagqd 2.1 16.4: 53. 280 132 26.6 B4 2.750 0.4831 93.3 15.6 118.4 136.6 137.8 4.85E-08
Note:
1) Values in cells shaded in gray were calculated using the soil density relationships below.
Soil Density Relationships: Porosity Effective Porosit
3= 1@ x J1/(1+e) Average 0.31 0.31 x 0.816:25
Jia= [(G+Se) xJ1/ (1+e) Minimum 0.26 0.26 x 0.816:21
Fa= Jx (L +w% / 100)) Maximum 0.4 0.40 x 0.816:32

Ji= [G+e) x J1/(1+e)

S%=WxQ /e
n=e/(1+e)
e=n/(1-n)

Dry Density Average = 118.4108886.5 kg/in
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e\hlil «eh e\hpip "ei
eliklp «eh e\hnhl ~ej
e\jjpj «eh e\mnep "el
e\kjim «eh e\hhhp "em
el\lime «eh e\nohi ~ep
e\mhpk «eh eliipe “hh
e\nhin «eh e\olee "hk
eloemh «eh e\noio ~hl
eloppl «eh elojme "hm
e\ppio «eh e\nhem ~hn
e\heom «ei e\knnl “ho
e\hhoe «ei e\kopo "ie
e\hkep «ei e\hkij "ie
e\hmjo «ei e\jpol ~ih
e\homn «ei e\heol "ih
eliepm «ei e\jelk 7ii
elijim «ei e\hkpk 7ii

elilee «ei e\kekp «ej eleeee «ee elillh "e\thehn «ej eleeee «ee

e\hlee "ei eliemj "eh
el\jemj «ee e\hknm ~eh
e\mhhh «ee e\ppel "ei
e\phlp «ee e\miee "ei
e\hiih «eh e\jmei "ei

e\hlil «eh e\hpjl "ei

eliklp «eh e\hnho "ej
e\jjpj «eh e\mnhp ~el
e\kjim «eh e\hhie *"em
el\lime «eh e\noih ~ep
e\mhpk «eh el\iipi ~hh
e\nhin «eh el\okph ~hk
eloemh «eh e\nohj ~hl
eloppl «eh el\ojkk "hm
e\ppio «eh e\nepi *“hn



e\heom «ei e\knmm ~ho
e\hhoe «ei el\klom "ie
e\hkep «ei e\hhpj %ie
e\hmjo «ei e\jehp “ih
e\homn «ei e\nmlp "ii
eliepm «ei elieki "ii
elijim «ei e\pmhj 7ij

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

el\jeee «ei e\jnkk «ej eleeee «ee elikio ®#dhhki «ej eleeee «ee

e\hlee "ei elieen ~eh
e\jemj «ee e\hkpi *eh
e\mhhh «ee el\heli *eh
e\phlp «ee e\mppm "ei
e\hiih «eh e\kjnk "ei
e\hlil «eh e\ilmj "ei
eliklp «eh el\jilk "Nej
e\jjpj «eh eliepp "ek
e\kjim «eh e\mmoo “em
e\lime «eh e\hejm “en
e\mhpk «eh e\nnim "~he
e\nhin «eh el\ipkp ~hi
eloemh «eh e\kikn ~hk
e\oppl «eh elloip *hl
e\ppio «eh e\nkik "hm
e\heom «ei e\nnnj ~hn
e\hhoe «ei e\hkko “ho
e\hkep «ei e\meml ~“hp
e\hmjo «ei e\injk “hp
e\homn «ei e\hipk ~hp
eliepm «ei e\mmhl *ie
elijim «ei e\kohh "ie

el\jeee «ei e\jokl «ej eleeee «ee elilen *e\hhki «ej eleeee «ee

e\hlee "ei eliemm ~eh
e\jemj «ee e\hlje *eh
e\mhhh «ee e\henm ”“eh
e\phlp «ee e\nhke "ei
e\hiih «eh e\kkln ~ei
e\hlil «eh e\limep "ei
eliklp «eh el\jjel "ej
e\jjpj «eh el\ihip "ek
e\kjim «eh e\mnoh “em
el\lime «eh e\hele “en
e\mhpk «eh e\noip “he
e\nhin «eh e\ipol *hi
e\loemh «eh e\kilm ~hk



el\oppl «eh e\lojk ~hl
e\ppio «eh e\nkip “hm
e\heom «ei e\nnno ~hn
e\hhoe «ei e\hjkn ~“ho
e\hkep «ei ellekp "hp
e\hmjo «ei e\hpim ~hp
e\homn «ei e\nmmo “ie
eliepm «ei e\jkki "ie
elijim «ei e\ijni "ie

el\jeee «ei e\jpkn «ej eleeee «ee elilio "e\hhki «ej eleeee «ee

e\hlee "ei elieoh ~eh
e\jemj «ee e\hljp *eh
e\mhhh «ee e\heoh “eh
e\phlp «ee e\nhmp “ei
e\hiih «eh e\kknj "ei
e\hlil «xeh e\limhn "ei
eliklp «eh e\jjhj "ej
e\jjpj «eh e\ihjk ek
e\kjim «eh e\mnpl *“em
el\lime «eh e\heli *"en
e\mhpk «eh e\nokj "he
e\nhin «eh el\ippe "hi
eloemh «eh e\kill *hk
eloppl «eh e\lojh ~hl
e\ppio «eh e\nkil “hm
e\heom «ei e\nnnk ~hn
e\hhoe «ei e\hjhi “ho
e\hkep «ei el\knee ~hp
e\hmjo «ei e\hmlk ~hp
e\homn «ei e\lolh *ie
eliepm «ei eliink "ie
elijim «ei e\hkje "ie

e\jeee «ei e\kekp «ej eleeee «ee elillh ®&ahhki «ej eleeee «ee

e\hlee "ei eliepn “eh
e\jemj «ee e\hlko "eh
e\mhhh «ee e\heom ”“eh
e\phlp «ee e\nhpj "ei
e\hiih «eh e\kkol "ei
e\hlil «eh e\imij "ei
eliklp «eh e\jjhn "ej
e\jjpj «eh e\ihjl "ek
e\kjim «eh e\mnpn “em
el\lime «eh e\heli *"en
e\mhpk «eh e\nokl *"he
e\nhin «eh el\ippe "hi
eloemh «eh e\kile "hk
eloppl «eh e\loii *hl
e\ppio «eh e\nkhk “hm



e\heom «ei e\nnmi ~hn
e\hhoe «ei e\hhph ~ho
e\hkep «ei e\jnlp ~hp
e\hmjo «ei e\hhon "hp
e\homn «ei e\jonh "ie
eliepm «ei e\hjpm "ie
elijim «ei e\ojlo ~ih

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

eljlee «ei e\jnkk «ej eleeee «ee elikio *"ethiln «ej eleeee «ee

e\hlee "ei eliejj "eh
e\jemj «ee e\hlkp ~eh
e\mhhh «ee e\hhio ~eh
e\phlp «ee e\noim "ei
e\hiih «eh e\lhlk "ei
e\hlil «eh e\jihj ?ei
eliklp «eh ellimo "ej
e\jjpj «eh e\komh ~ek
e\kjim «eh el\ikmj "el
e\lime «eh e\mnlh ~en
e\mhpk «eh e\ppep “ep
e\nhin «eh e\nnol ~hh
eloemh «eh e\kjnn "hj
e\oppl «eh el\ikin *hk
e\ppio «eh e\keep "hl
e\heom «ei ellnkh “hm
e\hhoe «ei e\hnlh ~hn
e\hkep «ei e\pkje ~ho
e\hmjo «ei e\ljpe ~ho
e\homn «ei e\jhjm ~ho
eliepm «ei e\hpjn *ho
elijim «ei e\hllp *ho

eljlee «ei e\jokl «ej eleeee «ee elilen "ehhiln «ej eleeee «ee
e\hlee "ei eliepj "eh
el\jemj «ee e\hloo “eh
e\mhhh «ee e\hhlj "eh
e\phlp «ee e\npoe “ei
e\hiih «eh e\likm 7ei
e\hlil «eh e\jimm "ei
eliklp «eh e\ljki "ej
e\jjpj «eh e\kpik *ek
e\kjim «eh el\ikpj "el
e\lime «eh e\moje “en
e\mhpk «eh e\heei "eo
e\nhin «eh e\noni *hh
eloemh «eh e\kkhj ~hj



eloppl «eh el\ikip "hk
e\ppio «eh e\kehh ~hl
e\heom «ei e\lnkh “hm
e\hhoe «ei e\hkpo ~hn
e\hkep «ei e\mpel “ho
e\hmjo «ei e\jjjp "ho
e\homn «ei e\hnhn ~ho
eliepm «ei e\ppml “hp
elijim «ei e\npee “hp

eljlee «ei e\jpkn «ej eleeee «ee elilio "ehhiln «ej eleeee «ee

e\hlee ~ei elihen ~eh
e\jemj «ee e\hlpm “eh
e\mhhh «ee e\hhlo ~eh
e\phlp «ee el\oehe "ei
e\hiih «eh e\limj "ei
e\hlil «eh e\jinm "ei
eliklp «eh elljlj "Nej
e\jjpj «eh e\kpji "ek
e\kjim «eh el\ikpn "el
el\lime «eh e\moke “en
e\mhpk «eh e\heek "eo
e\nhin «eh e\nooi "hh
eloemh «eh e\kkhn "~hj
eloppl «eh el\ikio *"hk
e\ppio «eh e\keep "hl
e\heom «ei e\lnjo “hm
e\hhoe «ei e\hkei “hn
e\hkep «ei ellpke "ho
e\hmjo «ei e\ilkj ~“ho
e\homn «ei e\hhjp "ho
eliepm «ei e\lojo *hp
elijim «ei e\kjnh ~hp

eljlee «ei el\kekp «ej eleeee «ee elillh "@\hiln «ej eleeee «ee
e\hlee ~ei elihik "eh
el\jemj «ee e\hmel ~eh
e\mhhh «ee e\hhmj *eh
e\phlp «ee el\oejk "ei
e\hiih «eh e\llinl "ei
e\hlil «eh e\jioh "ei
eliklp «eh elljlm "ej
e\jjpj «eh e\kpji "ek
e\kjim «eh el\ikpn "el
ellime «eh e\mojn ~en
e\mhpk «eh e\heej "eo
e\nhin «eh e\nono “hh
eloemh «eh e\kkhk ~hj
eloppl «eh e\ikil “hk
e\ppio «eh e\keel ~hl



e\heom «ei el\lnje “hm
e\hhoe «ei e\hiin ~hn
e\hkep «ei e\klei “"ho
e\hmjo «ei e\hnhe "ho
e\homn «ei e\mpmo ~hp
eliepm «ei e\jipj “hp
elijim «ei e\ijml ~“hp
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e\keee «ei e\jnkk «ej eleeee «ee elikio éelhjmm «ej eleeee «ee

e\hlee "ei elielk "eh
e\jemj «ee e\hlpl *eh
e\mhhh «ee e\hhpi ~“eh
e\phlp «ee el\olke "ei
e\hiih «eh e\loli Mei
e\hlil «eh e\joil "ei
eliklp «eh e\nmhe "ej
e\jjpj «eh e\piej ek
e\kjim «eh e\mmhi "el
e\lime «eh e\inoj “em
e\mhpk «eh e\mnpo “eo
e\nhin «eh e\plom ~he
eloemh «eh el\oeil Mhi
e\oppl «eh e\hejm ~hj
e\ppio «eh e\hkke ~hk
e\heom «ei elilok ~hl
e\hhoe «ei e\hikp “hm
e\hkep «ei e\lohjo “hn
e\hmjo «ei e\lkkj “hn
e\homn «ei e\jmie “hn
eliepm «ei elilik “hn
elijim «ei elihme “hn

e\keee «ei e\jokl «ej eleeee «ee elilen ®2ahjmm «ej eleeee «ee

e\hlee "ei el\ihhk ~eh
e\jemj «ee e\hmjk ~eh
e\mhhh «ee e\hihn "~eh
e\phlp «ee e\lonee “ei
e\hiih «eh e\lplh "ei
e\hlil «eh e\jook "ei
eliklp «eh e\nnen “ej
e\jjpj «eh e\pjeo "ek
e\kjim «eh e\mmoj "el
e\lime «eh el\iohh *em
e\mhpk «eh e\moml "eo
e\nhin «eh e\pmnp “he
eloemh «eh e\ohee “hi



eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei
e\keee «ei e\jpkn «ej eleee
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei
e\keee «ei el\kekp «ej
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh

e\leeee «ee

e\heke "hj
e\hkke ~hk
eliloi Mhl
e\pnlp “hn
e\lkhm ~hn
e\jhoi “hn
e\hpnl ~hn
e\hjlj "hn
e\hhme ~hn
e «ee elilio ®ahjmm «ej eleeee «ee
elihip ~eh
e\hmkj ~eh
e\hiii "eh
e\onji Mei
e\lpmo "ei
e\jopk “ei
e\nnih "ej
e\pjih ek
e\mmpe "el
eliohk "em
e\monh ~eo
e\pmoo ~he
el\ohem "hi
e\heke "hj
e\hkke ~hk
eliloe ~hl
e\olpj “hn
e\kikm ~hn
e\ihoi “hn
e\hiel ~hn
e\nmjm ~ho
e\mjnh ~ho
elillh éehimm «ej eleeee «ee
e\ihkl ~eh
e\hmli ~eh
e\hiin ~eh
elonll ~ei
e\lpnp "ei
e\jopo "ei
e\nnih "ej
e\pjhm ~ek
e\mmol "el
eliohh "em
e\momk "eo
e\pmnn ~he
eloepn "hi
e\hejp "hj
e\hkjp “hk



LLLLLLLLL

e\klee «ei

e\klee «ei

LLLLLLLLL

e\jnkk «ej

e\jokl

e\heom «ei
e\hhoe «ei
e\hkep «ei

elilnm ~hl
e\nhoj “hn
eljeim ~hn

e\hmjo «ei e\hjnj ~hn
e\homn «ei e\mpjj “ho
eliepm «ei e\khjn ~ho

e\ijim «ei

e\eeee «ee
e\hlee "ei

e\jjne “ho

LLLLLLLLL LLL U irptnttnt

e\ikio edhkmp «ej

elieni “eh

e\jemj «ee e\hmjk ~eh
e\mhhh «ee e\hikm ~eh
e\phlp «ee e\phmh "ei
e\hiih «eh e\mknn “ei
e\hlil «eh e\kjpl "ei
eliklp «eh e\heho "ei
e\jjpj «eh e\hlih "~ej
e\kjim «eh e\hkjl ek

e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
e\oppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
elijim «ei

«ej eleeee
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh

e\okjp “em
el\jemm ”“en
e\moki "ep
e\pjoo *“hh
e\pjhk ~hj
e\kimj “hk
e\ojnj ~hl
e\miin ~hm
e\kmjk “hm
e\jkjn “hm
elilei "hm
e\hopk "hm

e\hmom “hm

«ee elilen "e\thkmp «ej

e\ihji ~eh

e\hmnj ~eh
e\hini ~eh
e\pjin “ei

e\mloi ~ei
e\kklo "ei
e\heje "ei
e\hljn ~ej
e\hkkp "ek

e\olhk “em
e\jepi “en
e\mopp "ep
e\pkmk ~hh

LLLLLLLLLLL

e\leeee «ee

e\leeee «ee



eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei
e\klee «ei e\jpkn «ej
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei
e\klee «ei e\kekp «ej eleee
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh

e\leeee «ee

e\pjnn ~hj
e\kimm ~hk
e\ojli Mhi
e\klhp “hm
elipjk "hm
e\hppm ~hm
e\hkhe “hm
e\henk "hm

e\pmko “hn

elilio "ethkmp «ej eleeee «ee
elihkn ~eh
e\hmoi "eh
e\hinn "eh
e\pjlo "ei
e\mmee "ei
e\kkmp "ei
e\hejh "ei
e\hljo "ej
e\hkle "ek
e\olie "em
e\jepk ~en
e\mpej "ep
e\pkne ~hh
e\pjoe "hj
e\kiml “hk
e\ojke ~hl
e\jnhj “hm
e\ihij "hm
e\hiol "hm
e\ojom ~hn
e\mhkl ~hn

e\lkmk ~hn

e «ee elillh edhkmp «ej eleeee «ee
e\lihmj ~eh
e\hmph ~eh
e\hioi “eh
e\pjoe "ei
e\mmhe “ei
e\kkni "ei
e\hejh "ei
e\hljn ~ej
e\hkko "ek
e\oleo "em
e\jepe "en
e\mopj "ep

e\pkll “hh
e\pjmn ~hj
e\kimi "hk



e\heom «ei e\ojim ~hl
e\hhoe «ei elipkh “hm
e\hkep «ei e\hkim ~"hm
e\hmjo «ei e\nnhl “hn
e\homn «ei e\knie ~hn
eliepm «ei e\jjlh ~hn

elijim «ei e\iplj “hn

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

el\leee «ei e\jnkk «ej eleeee «ee elikio #dhlmm «ej eleeee «ee

e\hlee "ei elieon ~eh
e\jemj «ee e\hmmn ~eh
e\mhhh «ee e\hipj "eh
e\phlp «ee e\pnen “ei
e\hiih «eh e\nekh "ei
e\hlil «eh e\kpik "ei
eliklp «eh el\hipe "ei
e\jjpj «eh eliiok "ej
e\kjim «eh e\imoi "ek
e\lime «eh eliemi "el
e\mhpk «eh e\heje "em
e\nhin «eh el\jjih *eo
eloemh «eh e\mopm “he
e\oppl «eh e\pklp ~hi
e\ppio «eh e\hmkh ~hj
e\heom «ei elihph ~hk
e\hhoe «ei e\ijoi "hl
e\hkep «ei e\hpjp ~hl
e\hmjo «ei e\hlki ~hl
e\homn «ei e\hhpn ~hl
eliepm «ei e\pmhi “hm
elijim «ei e\lonom ~hm

el\leee «ei e\jokl «ej eleeee «ee elilen *e\hlmm «ej eleeee «ee

e\hlee "ei el\ihkn ~eh
e\jemj «ee e\hnem ”"eh
e\mhhh «ee e\hjhp “eh
e\phlp «ee e\ponm “ei
e\hiih «eh e\nhkp “ei
e\hlil «eh e\kpph 7ei
eliklp «eh e\hjej “ei
e\jjpj «eh elijel "ej
e\kjim «eh elinek ek
e\lime «eh elieno "el
e\mhpk «eh e\hejn "em
e\nhin «eh el\jjkl "eo
eloemh «eh e\mpkk ~he



eloppl «eh e\plij Mhi
e\ppio «eh e\hmkm ~hj
e\heom «ei elihoe "hk
e\hhoe «ei e\hmlh ~hl
e\hkep «ei e\hihh ~hl
e\hmjo «ei e\phkp “hm
e\homn «ei e\nemh ~hm
eliepm «ei e\lnmn “hm
elijim «ei e\ljji “hm

el\leee «ei e\jpkn «ej eleeee «ee elilio *e\himm «ej eleeee «ee

e\hlee ~ei elihmi "~eh
e\jemj «ee e\hnhl ~eh
e\mhhh «ee e\hjik *~eh
e\phlp «ee e\ppeo “ei
e\hiih «eh e\nhmo "ei
e\hlil «eh el\leei "ei
eliklp «eh e\hjel "ei
e\jjpj «eh elijen "ej
e\kjim «eh elinem "ek
el\lime «eh elienp el
e\mhpk «eh e\hejo "em
e\nhin «eh e\jjkm "eo
eloemh «eh e\mpkm ~he
eloppl «eh e\plil Mhi
e\ppio «eh e\hmkm ~hj
e\heom «ei elihnk ~hk
e\hhoe «ei e\hinl ~hl
e\hkep «ei e\ojij “hm
e\hmjo «ei e\lnmh ~“hm
e\homn «ei e\kikm ~hm
eliepm «ei e\jkhp “hm
elijim «ei e\jhln "hm

el\leee «ei e\kekp «ej eleeee «ee elillh 2ahlmm «ej eleeee «ee

e\hlee "ei elihno ~eh
e\jemj «ee e\hnik "eh
e\mhhh «ee e\hjip "eh
e\phlp «ee e\ppip "ei
e\hiih «eh e\nhnm "ei
e\hlil «eh el\leek "ei
eliklp «eh e\hjek "ei
e\jjpj «eh elijek "ej
e\kjim «eh elinei "ek
el\lime «eh elienm ~el
e\mhpk «eh e\hejm “em
e\nhin «eh e\jjke "eo
eloemh «eh e\mpjj "he
eloppl «eh e\pleo "hi
e\ppio «eh e\hmkk ~hj



e\heom «ei elihmo "hk
e\hhoe «ei e\plne "hm
e\hkep «ei e\lljlo “hm
e\hmjo «ei e\jkej "hm
e\homn «ei elikhp “hm
eliepm «ei e\hpip “hm
el\ijim «ei e\hnoe "hm
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e\llee «ei e\jnkk «ej eleeee «ee elikio "ethmme «ej eleeee «ee
e\hlee "ei elihee ~eh
e\jemj «ee e\hmpl *eh
e\mhhh «ee e\hjjj "eh
e\phlp «ee e\hehp “eh
e\hiih «eh e\nllh "ei
e\hlil «eh e\lkhk "ei
eliklp «eh e\himp "ei
e\jjpj «eh e\jhpn "ej
e\kjim «eh e\kkpi ek
e\lime «eh e\kjek "el
e\mhpk «eh elinop "em
e\nhin «eh e\hihm ”~en
eloemh «eh el\jlll "ep
e\oppl «eh e\mppi *hh
e\ppio «eh e\hene “~hi
e\heom «ei el\lklo “hk
e\hhoe «ei e\nkip ~hl
e\hkep «ei e\mkhm ~hl
e\hmjo «ei e\ljlo ~hl
e\homn «ei e\kjml ~hl
eliepm «ei e\jmlo ~hl
elijim «ei e\jkeo ~hl

e\llee «ei e\jokl «ej eleeee «ee elilen "ehhmme «ej] eleeee «ee

e\hlee "ei elihme ~eh
e\jemj «ee e\hnjl *eh
e\mhhh «ee e\hjme ~eh
e\phlp «ee e\hejm "eh
e\hiih «eh e\nmmi "ei
e\hlil «eh e\lkok "ei
eliklp «eh e\hlol *ei
e\jjpj «eh e\jiij "ej
e\kjim «eh e\klil ek
el\lime «eh e\kjjj "el
e\mhpk «eh elioen "em
e\nhin «eh e\hiik *en
eloemh «eh e\jlnn "ep



el\llee «ei

el\llee «ei

eloppl «eh e\nejj “hh
e\ppio «eh e\henl ~hi
e\heom «ei el\lkhp ~hk
e\hhoe «ei el\lele *hl
e\hkep «ei el\keko ~hl
e\hmjo «ei e\jioo ~hl
e\homn «ei elimpo ~hl
eliepm «ei e\ijhh ~hl
el\ijim «ei e\ihnp ~hl
e\jpkn «ej eleeee «ee elilio *ehhmme «ej

e\hlee "ei

e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh

e\hlil «eh

eliklp «eh

e\jjpj «eh

e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei

e\ihnl ~eh

e\hnkk ~eh
e\hjml ~eh
e\hejp *eh
e\nmoe "ei

e\lkpl Mei

e\hlom 7ei

e\jiil ~ej

e\klin "ek
e\kjjk el
elioeo "em
e\hiik *en
e\jlnn ~ep
e\nejj ~“hh
e\henl ~hi
elljpl *hk
e\jnjh ~hl
e\inho ~hl
elieoh "~hl

e\homn «ei e\hmmp ~hl
eliepm «ei e\hkip ~hl
el\ijim «ei e\hjlh ~hl
e\kekp «ej eleeee «ee elillh "e\hmme «ej

e\hlee *ei e\ihph ~eh
e\jemj «ee e\hnlj *eh
e\mhhh «ee e\hjne ~eh
e\phlp «ee e\heki *~eh
e\hiih «eh e\nmoo "ei
e\hlil «eh e\lkpn “ei
eliklp «eh e\hlol "ei

e\jjpj «eh

e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh

el\jiie "Nej

e\klhp "ek
e\kjim ~el
elioei "em
e\hiih ~en
e\jlne ~ep
e\neho ~hh
e\henj ~hi

e\leeee «ee

e\leeee «ee



e\heom «ei e\ljnj "hk
e\hhoe «ei el\imoi ~hl
e\hkep «ei e\hnhn ~hl
e\hmjo «ei e\hiki *hl
e\homn «ei e\poij “"hm
eliepm «ei e\okjh “hm
elijim «ei e\nppl “hm
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e\meee «ei e\jnkk «ej eleeee «ee elikioeNdimkp «ej eleeee «ee

e\hlee ~ei elihhh ~eh
e\jemj «ee e\hnie “eh
e\mhhh «ee e\hjmp ~eh
e\phlp «ee e\hemi "eh
e\hiih «eh eloehl "ei
e\hlil «eh e\lomp "ei
eliklp «eh e\holi "ei
e\jjpj «eh e\kikj "ej
e\kjim «eh e\mpio "ek
e\lime «eh e\npnm "el
e\mhpk «eh e\mkim ~em
e\nhin «eh e\jmek “en
eloemh «eh e\hkei "eo
e\oppl «eh e\jnnp "he
e\ppio «eh e\nipe "hi
e\heom «ei e\hnpl "hj
e\hhoe «ei e\hpnp “hk
e\hkep «ei e\hnnh ~hk
e\hmjo «ei e\hlji *"hk
e\homn «ei e\hipk “hk
eliepm «ei e\hhie ~hk
elijim «ei e\help ~hk

e\meee «ei e\jokl «ej eleeee «ee elilen éebhnkp «ej eleeee «ee

e\hlee "ei el\ihnh "~eh
e\jemj «ee e\hnme "eh
e\mhhh «ee e\hjpm “~eh
e\phlp «ee e\heoe “eh
e\hiih «eh e\ohio "ei
e\hlil «eh e\lpki "*ei
eliklp «eh e\homp “ei
e\jjpj «eh e\kink "ej
e\kjim «eh e\mpnj "ek
el\lime «eh e\oeij "el
e\mhpk «eh e\mkmh ~"em
e\nhin «eh e\jmij *en
eloemh «eh e\hkep “eo



eloppl «eh e\jnpo "he
e\ppio «eh e\njil ~hi

e\heom «ei e\hnom ~hj
e\hhoe «ei e\hjko ~hk
e\hkep «ei e\hhkj ~"hk
e\hmjo «ei e\pnlm ~hl
e\homn «ei e\ojmi ~hl
eliepm «ei e\nkep ~hl
elijim «ei e\nenp ~hl

e\meee «ei e\jpkn «ej eleeee «ee elilio éebhnkp «ej eleeee «ee

e\hlee *ei elihom ~eh
e\jemj «ee e\hnmp "eh
e\mhhh «ee e\hkeh ~eh
e\phlp «ee e\heoj "eh
e\hiih «eh elohkm "ei
e\hlil «eh e\lpli "ei
eliklp «eh e\honh "ei
e\jjpj «eh e\kinm "ej
e\kjim «eh e\mpnk ~ek
el\lime «eh el\oeij "el
e\mhpk «eh e\mkmh “em
e\nhin «eh e\jmij "en
eloemh «eh e\hkep “eo
eloppl «eh e\jnpo "he
e\ppio «eh e\njij Mhi
e\heom «ei e\hnno ~hj
e\hhoe «ei e\pnle ~hl
e\hkep «ei e\nmmk ~hl
e\hmjo «ei e\mjei ~hl
e\homn «ei e\ljlo ~hl
eliepm «ei e\knnn ~hl
elijim «ei e\klom ~hl

e\meee «ei e\kekp «ej eleeee «ee elillheNdimkp «ej eleeee «ee

e\hlee "ei eliiei “eh
el\jemj «ee e\hnno “eh
e\mhhh «ee e\hkem ~eh
e\phlp «ee e\heol "eh
e\hiih «eh e\ohlj "ei
e\hlil «eh e\lplj "ei
eliklp «eh e\homp "ei
e\jjpj «eh e\kimp "ej
e\kjim «eh e\mpmh ~ek
el\lime «eh eloeen "el
e\mhpk «eh e\mkko “em
e\nhin «eh e\jmhl ~en
eloemh «eh e\hkem 7~eo
eloppl «eh e\jnop "he
e\ppio «eh e\njeo "hi
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e\mlee «ei

e\mlee «ei

e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei
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e\jnkk «ej
e\hlee "ei
el\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
elijim «ei

e\jokl «ej
e\hlee "ei
eljemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh

e\eeee «ee
e\ihih ~eh

e\leeee «ee
el\ihoh ~eh

e\hnne ~hj
e\molk ~hl
e\kolo ~hl
e\jomj ~hl
e\jioh ~hl
e\iplh ~hl

eliokm ~hl

LLLLLLLLL LLL U irptnttnt

elikio éehojm «ej

e\hnki ~eh
e\hkei *eh
e\hheh ~eh

e\okjo "ei
e\mipi “ei
e\ihjm "ei
e\lkek "ej
e\heei "ej

e\hjkp "ek
e\hjem "el
e\pemp "en
e\kkpl "eo
e\hlon "ep
e\keij “hh

el\omko "hj
e\knje ~hk
e\kilk "hk

e\jnmk ~hk
e\jimo ~“hk
elipeh "hk

elinne ~hk

elilen ®ahojm «ej

e\hnoi ~eh
e\hkio “eh
e\hhhp ~eh

el\ollj nei
e\mjmn "ei
e\ihlj "ei
e\lkke "ej
e\heeo "ej

e\hjll "ek
e\hjhj ~el
e\phhe ~en
e\klhl ~eo
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e\leeee «ee

e\leeee «ee



e\mlee «ei

e\mlee «ei

eloppl «eh e\hlpk ~ep
e\ppio «eh e\kejp “hh
el\heom «ei e\lomkj ~hj
e\hhoe «ei e\jipn "hk
e\hkep «ei elioim ~hk
e\hmjo «ei el\ikon ~hk
e\homn «ei elihpp "hk
eliepm «ei e\hppm ~hk
elijim «ei e\hpim “hk
e\jpkn «ej eleeee «ee elilio ®&ahojm «ej
e\hlee "ei elihpm ~eh
e\jemj «ee e\hnph "eh
e\mhhh «ee e\hkjk ~eh
e\phlp «ee e\hhii *eh
e\hiih «eh elolnh "ei
e\hlil «xeh e\mjnn "ei
eliklp «eh e\ihll ~ei
e\jjpj «eh e\lkkh "ej
e\kjim «eh e\heeo "ej
el\lime «eh e\hjll "ek
e\mhpk «eh e\hjhj el
e\nhin «eh e\phep "en
eloemh «eh e\klhk "eo
eloppl «eh e\hlpk ~ep
e\ppio «eh e\kejo “hh
e\heom «ei e\lomih ~hj
e\hhoe «ei elikek "hk
e\hkep «ei e\hpil "hk
e\hmjo «ei e\hmli ~hk
e\homn «ei e\hkme ~hk
eliepm «ei e\hjjp ~hk
elijim «ei e\hipo “hk
e\kekp «ej eleeee «ee elillh éethojm «ej

e\hlee ~ei eliihi ~eh
el\jemj «ee e\hoee “eh
e\mhhh «ee e\hkjo "eh
e\phlp «ee e\hhik ~eh
e\hiih «eh elolnn "ei
e\hlil «xeh e\mjnn "ei
eliklp «eh el\ihli Mei
e\jjpj «eh e\lkjh "ej
e\kjim «eh e\heem "ej
el\lime «eh e\hjli "ek

e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh

e\hjhe "el
e\peoo "en
e\klej "eo
e\hlpe "ep
e\keip “hh

e\leeee «ee

e\leeee «ee
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e\neee «ei

e\neee «ei

e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei
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e\jnkk «ej eleee
e\hlee "ei
el\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh

e\oloo
e\hnhe
e\hikm ~hk
e\hekn "hk
e\pjhj ~hl
e\omjj ~hl

AR
Ahk

e\okhm ~hl
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e «ee el\ikio éelhphp «ej
elihje ~eh
e\hnmi ~eh
e\hkje "eh
e\hhjn ~eh
e\ooin "ei

e\mmom “ei

elikhm "ei

e\mmmi "ej

e\hjnp "ej
e\ihih ~ek
eliken "el
elieen “em
e\hiik "en

e\oppl «eh ellklj "ep

e\ppio «eh e\hnnl ~he
e\heom «ei e\kkje ~hi
e\hhoe «ei e\heoo “hj
e\hkep «ei e\pile *hk
e\hmjo «ei e\oihn ~hk
e\homn «ei e\ninj “hk
eliepm «ei e\mlno ~hk
e\ijim «ei e\mjji "hk

e\jokl «ej eleeee «ee elilen ®édhphp «ej

e\hlee "ei elihpe "eh
el\jemj «ee e\hoei “eh
e\mhhh «ee e\hkln “eh
e\phlp «ee e\hhlk ~eh
e\hiih «eh elopkj "ei

e\hlil «xeh e\mnmi "ei
eliklp «eh e\ikjl *ei

e\jjpj «eh

e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh

e\mnei "ej
e\hjom "ej
elihje "ek
e\ikhn el
eliehk "em
e\hiip ~en
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e\leeee «ee

e\leeee «ee



eloppl «eh e\lknj "ep
e\ppio «eh e\hnoi "he
e\heom «ei e\kkjn ~hi
e\hhoe «ei eloeek “hk
e\hkep «ei e\mjoi "hk
e\hmjo «ei e\lmjh ~hk
e\homn «ei el\lenj “hk
eliepm «ei e\kmoo ~hk
elijim «ei e\klll "hk

e\neee «ei e\jpkn «ej eleeee «ee elilio ®&dhphp «ej eleeee «ee
e\hlee *ei eliiel ~eh
e\jemj «ee e\hohh "eh
e\mhhh «ee e\hkmj "eh
e\phlp «ee e\hhlo "eh
e\hiih «eh elopmh "ei
e\hlil «xeh e\mnni "ei
eliklp «eh elikjm ~ei
e\jjpj «eh e\mnej "ej
e\kjim «eh e\hjom 7ej
el\lime «eh el\ihje ek
e\mhpk «eh elikhm "el
e\nhin «eh eliehk “em
eloemh «eh e\hiio *en
eloppl «eh e\l\lknh ~ep
e\ppio «eh e\hnoh ~he
e\heom «ei e\kkje ~hi
e\hhoe «ei e\mhik ~hk
e\hkep «ei e\kkok ~hk
e\hmjo «ei e\jolp ~hk
e\homn «ei e\jkom ~hk
eliepm «ei e\jilm ~hk
elijim «ei e\jhoh ~hk

e\neee «ei e\kekp «ej eleeee «ee elillh éelthphp «ej eleeee «ee

e\hlee ~ei eliiih ~eh
e\jemj «ee e\hoie ~eh
e\mhhh «ee e\hkmn ~eh
e\phlp «ee e\hhlp "eh
e\hiih «eh e\lopmm "ei
e\hlil «xeh e\mnnh 7ei
eliklp «eh el\ikjj "Nei
e\jjpj «eh e\mmpe "ej
e\kjim «eh e\hjoj "ej
el\lime «eh e\ihil *ek
e\mhpk «eh elikhh el
e\nhin «eh elieep "em
eloemh «eh e\hiim "en
eloppl «eh ellklp "ep
e\ppio «eh e\hnnn ~he
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e\nlee «ei

e\nlee «ei

e\heom «ei

e\kkhn ~hi

e\hhoe «ei e\kmil *"hk
e\hkep «ei el\jehn ~hk
e\hmjo «ei e\iljp "hk
e\homn «ei el\ijhi "hk
eliepm «ei e\ihol *hk
elijim «ei e\ihkl *"hk
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e\jnkk «ej
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh

e\leeee «ee
elihjo ~eh
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elikio ®heee «ej

e\hnoe “eh
e\hkln ~eh
e\hhmp ~eh

e\phol "ei
e\nelk “ei
e\impj "ei
e\oeee "ej
e\hoih "ej

e\jhkn ~ek
e\kepo "el
e\keek "em
elipil ~en

el\oppl «eh e\hlpk ~eo
e\ppio «eh e\mknm ~he
e\heom «ei e\hpop ~hh
e\hhoe «ei e\imll ~hj

e\hkep «ei e\hphn ~hj
e\hmjo «ei e\hmkm ~hj
e\homn «ei e\hkml ~hj
eliepm «ei e\hjki ~hj

elijim «ei e\hjee ~hj

e\jokl «ej eleeee «ee elilen *e\heee «ej

e\hlee "ei

e\jemj «ee
e\mhhh «ee
e\phlp «ee

e\lihpo "eh

e\hoie ~eh
e\hkoj ~eh
e\hhon ~eh

e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh

e\pjei "ei
e\nhje "ei
e\inhi ~ei
eloekk "ej
e\hoje "ej
e\jhlp "ek
e\khhj ~el
e\kehn "em
elipjl *en
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e\leeee «ee

e\leeee «ee



e\nlee «ei

e\nlee «ei

eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei

e\jpkn «ej
e\hlee "Nei
e\jemj «ee
e\mhhh «ee

e\phlp «ee
e\hiih «eh
e\hlil «eh

eliklp «eh

e\jjpj «eh

e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei

e\kekp «ej
e\hlee "Nei
e\jemj «ee
e\mhhh «ee

e\phlp «ee
e\hiih «eh
e\hlil «eh

eliklp «eh

e\jjpj «eh

e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh

e\eeee «ee
el\iihj ~eh

e\leeee «ee
e\iiip "eh

e\hlpp "eo
e\mkpm ~he
e\hppj “hh
e\ihjh ~hj

e\hjpk ~hj

e\hhne ~hj
e\helm ~hj
e\pome ~hk

e\pmio “"hk

elilio "e\heee «ej

e\hoip “eh
e\hkop "eh
e\hhpe *eh

e\pjie "ei
e\nhke "ei
elinhk "ei
e\loekk "ej

e\hoip "ej
e\jhlo "ek
e\khhh "el
el\kehm "em
elipjk "en
e\hlpp "eo
e\mkpj “he
e\hpph ~hh
e\hnnk "~hj
e\hejj *hj
e\ojhl ~hk
e\nkpn ~hk
e\nene ~hk

e\mpjo *hk

elillh ®dheee «ej

e\hojo "eh
e\hkpj "eh
e\hhpi "eh

e\pjik nei
e\nhjo "ei
elinhe "ei
e\oeip "ej

e\hoil Mej

e\jhlh ~ek

e\khei nel
e\keen “em
elipin ~en
e\hipl ~eo
e\mkno *he

e\leeee «ee

e\leeee «ee
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e\oeee «ei

e\oeee «ei

e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei
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e\jnkk «ej eleee
e\hlee "ei
el\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
elijim «ei

e\jokl «ej
e\hlee "ei
eljemj «ee

e\mhhh «ee

e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
e\loemh «eh

e\leeee «ee

e\hpom ~hh
e\hkmk ~hj
e\njlp “hk
e\lmol ~"hk
e\lhlj “hk
e\kphj ~“hk
e\kokk ~hk
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e «ee elikio éeikrno «ej
e\ihkl ~eh
e\hnpm ”~eh
e\hkoe "eh
e\hhpp *eh
e\plhm "ei
e\njpn "ei
elipmk "ei
e\pkej Mej
el\ijio "ej
e\kklj ek
e\mlkh el
e\njkl "em
e\miok ~en
e\keon "eo
eliehn "ep
e\nloo ~hh
e\njjj *hj
e\kemo "hj
e\jhki ~hj
elinke ~hj
e\ilho ~hj
e\ikkm ~hj

elilen ®&heno «ej
eliiel "eh
e\hojm ~eh
e\hlen "eh
e\hihm ~eh
e\pmjk “~ei
e\nknl ~ei
elipok “ei
e\pkle "ej
e\ijjn "ej
e\kkmo "ek
e\mimh ~el
e\njmm “em
e\mjei ~en
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e\leeee «ee

e\leeee «ee



eloppl «eh e\kepo "eo
e\ppio «eh elieii ep
e\heom «ei e\nmek ~hh
e\hhoe «ei e\mkkk ~hj
e\hkep «ei e\jhno ~hj
e\hmjo «ei e\ijio "hj
e\homn «ei eliejk "hj
eliepm «ei e\hopp "hj
elijim «ei e\holp ~hj

el\oeee «ei e\jpkn «ej eleeee «ee elilio ®&heno «ej eleeee «ee
e\hlee "ei eliiie ~eh
e\jemj «ee e\hokl *eh
e\mhhh «ee e\hlhj *eh
e\phlp «ee e\hiie *eh
e\hiih «eh e\pmli ~ei
e\hlil «eh e\nkol "ei
eliklp «eh elipol "ei
e\jjpj «eh e\pkle "ej
e\kjim «eh e\ijjm "ej
el\lime «eh e\kkmn ~ek
e\mhpk «eh e\mllp el
e\nhin «eh e\njmj “em
eloemh «eh e\mipp "en
eloppl «eh e\kepm "eo
e\ppio «eh elieii "ep
e\heom «ei e\nlpp “hh
e\hhoe «ei e\lohk ~hj
e\hkep «ei elilkk ~hj
e\hmjo «ei e\hnji ~hj
e\homn «ei e\hkpi ~hj
eliepm «ei e\hkei "hj
elijim «ei e\hjnn ~hj

eloeee «ei e\kekp «ej eleeee «ee elillh édeileno «ej eleeee «ee
e\hlee "ei e\iijm "eh
e\jemj «ee e\holk "eh
e\mhhh «ee e\hlhn ~eh
e\phlp «ee e\hiih *eh
e\hiih «eh e\pmll ~ei
e\hlil «eh e\nkoi "ei
eliklp «eh elipoe "ei
e\jjpj «eh e\pkjh 7~ej
e\kjim «eh el\ijjh "ej
el\lime «eh e\kkln ek
e\mhpk «eh e\mlkk ~el
e\nhin «eh e\njkn “em
eloemh «eh e\miol *en
eloppl «eh el\keon "eo
e\ppio «eh eliehn "ep



e\heom «ei e\nloh ~hh
e\hhoe «ei e\lhlh ~hj
e\hkep «ei e\hpjm ~hj
e\hmjo «ei e\hijh ~hj
e\homn «ei e\help "hj
eliepm «ei e\heel "hj
elijim «ei e\pphl ~hk
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e\olee «ei e\jnkk «ej eleeee «ee elikio ®dhhlk «ej eleeee «ee

e\hlee ~ei e\ihli ~eh
e\jemj «ee e\hohh "eh
e\mhhh «ee el\hlei *eh
e\phlp «ee e\hiim ~eh
e\hiih «eh e\poik "ei
e\hlil «eh e\nnie "ei
eliklp «eh el\jiip "ei
e\jjpj «eh e\heom "ei
e\kjim «eh el\iopk "ej
e\lime «eh e\melp "ek
e\mhpk «eh e\ppee "el
e\nhin «eh e\hiln "el
eloemh «eh e\hijm "em
e\oppl «eh e\pjpp "eo
e\ppio «eh e\llhj "ep
e\heom «ei el\ikpl *he
e\hhoe «ei e\iihl ~hi
e\hkep «ei e\pkno “hj
e\hmjo «ei e\mele ~hj
e\homn «ei e\kphl *hj
eliepm «ei e\kkke "hj
elijim «ei e\kjej "hj

e\olee «ei e\jokl «ej eleeee «ee elilen *e\hhlk «ej eleeee «ee
e\hlee "ei e\iihi *eh
e\jemj «ee e\holh ~eh
e\mhhh «ee e\hlip “eh
e\phlp «ee e\hikk ~eh
e\hiih «eh e\ppkj "ei
e\hlil «eh e\nnpo "ei
eliklp «eh el\jikp "ei
e\jjpj «eh e\heph "ei
e\kjim «eh elipel "ej
e\lime «eh e\menn ek
e\mhpk «eh el\ppin "el
e\nhin «eh e\hime "el
eloemh «eh e\hijp "em



eloppl «eh e\pkie "eo
e\ppio «eh elllil "ep
el\heom «ei elilee *he
e\hhoe «ei eliemo "hi
e\hkep «ei e\nppl ~hj
e\hmjo «ei e\kmpk ~hj
e\homn «ei e\jnkm ~hj
eliepm «ei e\jkii "hj
elijim «ei e\jjjp "hj

e\olee «ei e\jpkn «ej eleeee «ee elilio *e\hhlk «ej eleeee «ee
e\hlee ~ei eliiin ~eh
e\jemj «ee e\home "eh
e\mhhh «ee e\hljk *~eh
e\phlp «ee e\hikn ~eh
e\hiih «eh e\ppme "ei
e\hlil «xeh e\noeo “ei
eliklp «eh el\jile el
e\jjpj «eh e\heph "ei
e\kjim «eh elipek "ej
ellime «eh e\menl "ek
e\mhpk «eh el\ppii *el
e\nhin «eh e\hime "el
eloemh «eh e\hijp "em
eloppl «eh e\pkhm ~eo
e\ppio «eh elllii "ep
e\heom «ei el\ikpp “he
e\hhoe «ei e\hpmi "hi
e\hkep «ei e\mpjh ~hj
e\hmjo «ei e\jmpp "hj
e\homn «ei el\iokk ~hj
eliepm «ei el\ilpj *hj
elijim «ei e\iljm ~hj

e\olee «ei el\kekp «ej eleeee «ee elillh ®ahhlk «ej eleeee «ee

e\hlee "ei eliikj ~eh
e\jemj «ee e\homo “eh
e\mhhh «ee e\hljo "eh
e\phlp «ee e\hiko ~eh
e\hiih «eh e\ppmj "ei
e\hlil «xeh e\noek "ei
eliklp «eh el\jikl "ei
e\jjpj «eh e\heoo “ei
e\kjim «eh el\iopo "ej
el\lime «eh e\memi "ek
e\mhpk «eh e\ppeh "el
e\nhin «eh e\hiln el
eloemh «eh e\hijm "em
eloppl «eh e\pjpl "eo
e\ppio «eh el\llhe "ep



LLLLLLLLL

e\peee «ei

e\peee «ei

e\heom «ei el\ikpj "he
e\hhoe «ei e\hoeh ~hi
e\hkep «ei el\llme ~hj
e\hmjo «ei e\inik *hj

e\homn «ei elienk ~hj
eliepm «ei e\hpep "hj
elijim «ei e\honl ~hj

LLLLLLLLL

e\jnkk «ej eleee
e\hlee "ei
e\jemj «ee
e\mhhh «ee

e\phlp «ee
e\hiih «eh
e\hlil «eh

eliklp «eh

e\jjpj «eh

e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
e\oppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
elijim «ei

e\jokl «ej
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh

e\leeee «ee

LLLLLLLLL LLL U irptnttnt

LLLLLLLLLLL

e «ee elikio ékiliip «ej
elihlo ~eh
e\hoik ~eh
e\hlii "eh
e\hilh ~eh
e\hehh ~eh
e\oeii "Mei
e\jkon "ei
e\hijl nei
e\jlhn "ej
e\npno “ek
e\hkjj "ek
elieje el
eliimh ~em
e\hpnk “en
e\hjle ~eo
e\nihp "he
e\mnjl ~hi
e\ikll ~hi
e\hilm ~hi
eloonn ~hj
e\nloi *hj
e\nikp ~hj

elilen ®&hip «ej
eliiho ~eh
e\homl ~eh
e\hlkp ~eh
e\himp "“eh
e\heij “eh
e\oheh "ei
e\jleo "ei
e\hike "ei
e\jlip "ej
e\oeee "ek
e\hkjn ~ek
eliejl nel
eliiml "em

e\leeee «ee

e\leeee «ee



eloppl «eh e\hpno “en
e\ppio «eh e\hjlj ~eo
e\heom «ei e\nijh ~he
e\hhoe «ei e\mkni ~hi
e\hkep «ei elihon ~hi
e\hmjo «ei e\hehl ~hi
e\homn «ei e\monp ~hj
eliepm «ei e\lphi ~hj
elijim «ei e\lmpl ~hj

e\peee «ei el\jpkn «ej eleeee «ee elilio ®édhip «ej eleeee «ee

e\hlee ~ei e\iijj "eh
e\jemj «ee e\honk “eh
e\mhhh «ee e\hllk *eh
e\phlp «ee e\hini *eh
e\hiih «eh e\heil "eh
e\hlil «xeh el\ohhh ~ei
eliklp «eh e\jlep "ei
e\jjpj «eh e\hike "ei
e\kjim «eh e\jlin "ej
el\lime «eh e\nppn "ek
e\mhpk «eh e\hkjm "~ek
e\nhin «eh eliejk "el
eloemh «eh eliimk “em
eloppl «eh e\hpnn “en
e\ppio «eh e\hjli *eo
e\heom «ei e\niin ~he
e\hhoe «ei e\mipe "hi
e\hkep «ei elieem ~hi
e\hmjo «ei e\okpp "hj
e\homn «ei e\lkhn ~hj
eliepm «ei e\kloo "hj
elijim «ei e\kkhp ~hj

e\peee «ei e\kekp «ej eleeee «ee el\illh é¥ilip «ej eleeee «ee
e\hlee "ei el\iikp "eh
e\jemj «ee e\hooi “eh
e\mhhh «ee e\hllo *eh
e\phlp «ee e\hink ~eh
e\hiih «eh e\heil "eh
e\hlil «xeh e\ohen "ei
eliklp «eh el\jlej Mei
e\jjpj «eh e\hijo "ei
e\kjim «eh el\jlie "ej
el\lime «eh e\npnp “ek
e\mhpk «eh e\hkjj "ek
e\nhin «eh elieip el
eloemh «eh eliilp "em
eloppl «eh e\hpnj "en
e\ppio «eh e\hjkp "eo



e\heom «ei e\nihh "he
e\hhoe «ei e\lokp "hi
e\hkep «ei e\hmlk ~hi
e\hmjo «ei e\mkep "hj
e\homn «ei e\keil *hj
eliepm «ei e\jkko "hj
elijim «ei e\jjjp "hj

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

e\plee «ei e\jnkk «ej eleeee «ee el\ikio ®dhjeh «ej eleeee «ee

e\hlee "ei elihmj ~eh
e\jemj «ee e\hojn “eh
e\mhhh «ee e\hlkh "*eh
e\phlp «ee e\hink ~eh
e\hiih «eh e\hejo ~eh
e\hlil «eh e\ojeo "ei
eliklp «eh e\jnjo "ei
e\jjpj «eh e\hjoo "ei
e\kjim «eh e\khpi "ej
e\lime «eh e\heii "ej
e\mhpk «eh e\hppo "ek
e\nhin «eh e\jhii "el
eloemh «eh e\jool "em
e\oppl «eh e\joki *en
e\ppio «eh el\jehl *eo
e\heom «ei e\honi "ep
e\hhoe «ei e\hpkn ~hh
e\hkep «ei e\mnhh ~hi
e\hmjo «ei e\ipie "hi
e\homn «ei e\hnii *hi
eliepm «ei e\hjhl ~hi
elijim «ei e\hihl ~hi

e\plee «ei e\jokl «ej eleeee «ee elilen *&e\hjeh «ej eleeee «ee
e\hlee "ei eliiik "eh
e\jemj «ee e\honn "eh
e\mhhh «ee e\hlmo ~eh
e\phlp «ee e\hipi *“eh
e\hiih «eh e\hele "eh
e\hlil «eh el\ojon "ei
eliklp «eh e\jnme "ei
e\jjpj «eh e\hjpj "ei
e\kjim «eh e\kiek "ej
e\lime «eh e\heik "ej
e\mhpk «eh elieej "ek
e\nhin «eh e\jhio "el
eloemh «eh e\jopi "em



eloppl «eh e\jokp “en
e\ppio «eh el\jehp "eo
e\heom «ei e\honl "ep
e\hhoe «ei e\hooo “hh
e\hkep «ei e\mhen "hi
e\hmjo «ei e\ijpo ~hi

e\homn «ei e\hjin ~hi
eliepm «ei e\hehm ~hi
elijim «ei e\pkoj "hj

e\plee «ei el\jpkn «ej eleeee «ee elilio *"e\hjeh «ej eleeee «ee
e\hlee ~ei eliijo "eh
e\jemj «ee e\hoom ”"eh
e\mhhh «ee e\hlnj ~eh
e\phlp «ee e\hipm ”~eh
e\hiih «eh e\helh ~eh
e\hlil «eh el\ojpm "ei
eliklp «eh e\jnme "ei
e\jjpj «eh e\hjpj "ei
e\kjim «eh el\kiej "ej
ellime «eh e\heik "ej
e\mhpk «eh elieei ek
e\nhin «eh e\jhim ~el
eloemh «eh e\jope *"em
eloppl «eh e\jokn ~en
e\ppio «eh el\jeho "eo
e\heom «ei e\honk "ep
e\hhoe «ei e\holj “hh
e\hkep «ei el\lnmo ~hi
e\hmjo «ei e\ihej ~hi
e\homn «ei e\heoe "hi
eliepm «ei eloeim "hj
elijim «ei e\nkml ~hj

e\plee «ei e\kekp «ej eleeee «ee elillh ®ahjeh «ej eleeee «ee
e\hlee ~ei eliilk "eh
el\jemj «ee e\hopk ”~eh
e\mhhh «ee e\hlnn ~eh
e\phlp «ee e\hipn "eh
e\hiih «eh e\heli *eh
e\hlil «eh el\ojph "ei
eliklp «eh e\jnlk "ei
e\jjpj «eh e\hjpe "ei
e\kjim «eh e\khpk "ej
el\lime «eh e\heii Mej
e\mhpk «eh e\hppn "ek
e\nhin «eh e\jhie el
eloemh «eh e\jooi "em
eloppl «eh e\jojp “en
e\ppio «eh el\jehi "eo



LLLLLLLLL

e\heee «ej

e\heee «ej

LLLLLLLLL

e\jokl «ej

e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei

e\hone “ep

e\hnim ~hh
e\knpe "hi
e\hlpo "hi
eloemk ~hj
e\mepn ~hj

e\ijim «ei e\lnii ~hj

e\jnkk «ej eleee

e\hlee "ei

e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh

e\hlil «eh

eliklp «eh

e\jjpj «eh

e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
e\oppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei

LLLLLLLLL LLL U irptnttnt

e «ee elikio ékilini «ej

el\ihmo ~eh
e\hoko ~eh
e\hllo ~eh
e\hipm "~eh
e\hemj "eh
e\olnn "ei

e\jpoi el
e\hlki nei
e\kphk "ej

e\hino "ej

elimpp "ek

e\kmel "el
e\mjjl "em
e\neen “en
e\miii "eo

e\kkii "ep
e\lijj ~hh
e\hoij ~hh

e\nkem ~hi
e\jnmk ~hi
e\iknl ~hi

e\ijim «ei e\ihlh ~hi

e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
el\oemh «eh

e\leeee «ee

el\iiip "eh
e\hoop “eh
e\hlol ~eh
e\hjhk ~eh
e\henl "eh
elomIim "ei
e\keek "ei
e\hlko "ei
e\kpin ~ej
e\hioh "ej
elinek ek
e\kmhj el

e\mjkk *em

elilen ®&hni «ej

e\leeee «ee

e\leeee «ee

LLLLLLLLLLL



eloppl «eh e\nehm %~en
e\ppio «eh e\mije "eo
e\heom «ei e\kkio "ep
e\hhoe «ei ellemn ~hh
e\hkep «ei e\hmlj ~hh
e\hmjo «ei e\meej "hi
e\homn «ei elinpe "hi
eliepm «ei e\hoij ~hi

elijim «ei e\hmep ~hi

el\heee «ej el\jpkn «ej eleeee «ee elilio ®édhni «ej eleeee «ee

e\hlee "ei eliikj ~eh
e\jemj «ee e\hopn "eh
e\mhhh «ee e\hlpe ~eh
e\phlp «ee e\hjhn "eh
e\hiih «eh e\henn "eh
e\hlil «xeh elomml "ei
eliklp «eh e\keek "ei
e\jjpj «eh e\hlkn “ei
e\kjim «eh el\kpil "ej
el\lime «eh e\hioe "ej
e\mhpk «eh elinei ek
e\nhin «eh e\kmhh "el
eloemh «eh e\mjkh "em
eloppl «eh e\nehj "en
e\ppio «eh e\miin "eo
e\heom «ei e\kkil "ep
e\hhoe «ei e\kpop ~hh
e\hkep «ei e\hlnn ~hh
e\hmjo «ei e\ljno ~hi
e\homn «ei e\ijhk ~hi
eliepm «ei e\hkkm ~hi
elijim «ei e\himm ~hi

e\heee «ej e\kekp «ej eleeee «ee elillh é¢ini «ej eleeee «ee
e\hlee ~ei eliilp "eh
e\jemj «ee e\hpem ”“eh
e\mhhh «ee e\hlpk "eh
e\phlp «ee e\hjhp "eh
e\hiih «eh e\henn "eh
e\hlil «xeh elomme “ei
eliklp «eh e\jppo "ei
e\jjpj «eh e\hlkk "ei
e\kjim «eh e\kphl "ej
el\lime «eh e\hino "ej
e\mhpk «eh elimpn "ek
e\nhin «eh e\kmei "el
eloemh «eh e\mjio "em
eloppl «eh e\mppp “en
e\ppio «eh e\mihl "eo



el\heom «ei e\kkhn "~ep
e\hhoe «ei e\kmjj ~hh
e\hkep «ei e\hjem ~hh
e\hmjo «ei e\kemm ~hi
e\homn «ei e\hneo "hi
eliepm «ei e\hepj "hi

elijim «ei e\pnen "hj

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

e\hele «ej e\jnkk «ej eleeee «ee elikio ®dahkkh «ej eleeee «ee

e\hlee ~ei elihnj "eh
e\jemj «ee e\holp “eh
e\mhhh «ee e\hlnk "“eh
e\phlp «ee e\hjhn ~eh
e\hiih «eh e\heom ”“eh
e\hlil «eh el\oojh "ei
eliklp «eh el\kihp "ei
e\jjpj «eh e\hmpo "ei
e\kjim «eh e\lmnp "ej
e\lime «eh e\hlmn "ej
e\mhpk «eh e\jlkm ~ek
e\nhin «eh e\mllk "el
eloemh «eh e\pone “"em
e\oppl «eh el\hieo "em
e\ppio «eh e\hiee "en
e\heom «ei e\pmjp "ep
e\hhoe «ei e\hjel *he
e\hkep «ei e\knko ~hh
e\hmjo «ei e\hpjj “hh
e\homn «ei e\phjn ~hi
eliepm «ei ellipk ~hi
elijim «ei e\kioo “hi

e\hele «ej e\jokl «ej eleeee «ee elilen *e\hkkh «ej eleeee «ee

e\hlee "ei el\iijj "eh
e\jemj «ee e\hopp "eh
e\mhhh «ee e\hmeh "“eh
e\phlp «ee e\hjjl *eh
e\hiih «eh e\hepo "eh
e\hlil «xeh e\lophh "ei
eliklp «eh e\kikh "ei
e\jjpj «eh e\hnej "ei
e\kjim «eh e\lmpj "ej
el\lime «eh e\hlne "ej
e\mhpk «eh e\jllh "ek
e\nhin «eh e\mimk “el
eloemh «eh e\pooj “em



eloppl «eh e\hihe “em
e\ppio «eh e\hieh "en
e\heom «ei e\pmko "ep
e\hhoe «ei e\hilk *he
e\hkep «ei e\kije ~hh
e\hmjo «ei e\hlhm ~hh
e\homn «ei e\mjni ~hi
eliepm «ei e\jlnp ~hi
elijim «ei e\ipjm ~hi

e\hele «ej e\jpkn «ej eleeee «ee elilio *"e\hkkh «ej eleeee «ee

e\hlee "ei eliiko "eh
e\jemj «ee e\hpeo "eh
e\mhhh «ee e\hmem ”“eh
e\phlp «ee e\hjjo “eh
e\hiih «eh e\hhee "eh
e\hlil «eh el\opie "ei
eliklp «eh e\kiki "ei
e\jjpj «eh e\hnej "ei
e\kjim «eh e\lmph 7~ej
el\lime «eh e\hlmp "ej
e\mhpk «eh e\jlkp "ek
e\nhin «eh e\mime el
eloemh «eh e\pono “"em
eloppl «eh el\hiep “em
e\ppio «eh e\hieh "en
e\heom «ei e\pmkj "ep
e\hhoe «ei e\hijj *he
e\hkep «ei el\keje ~hh
e\hmjo «ei e\hjlo *hh
e\homn «ei e\limh ~hi
eliepm «ei e\inol ~hi
elijim «ei el\iile "hi

e\hele «ej el\kekp «ej eleeee «ee elillh ®ahkkh «ej eleeee «ee

e\hlee "ei eliimk ”~eh
e\jemj «ee e\hphm ”“eh
e\mhhh «ee e\hmhe “eh
e\phlp «ee e\hjjp ~eh
e\hiih «eh e\hhee "eh
e\hlil «eh elophk "ei
eliklp «eh e\kijl "Nei
e\jjpj «eh e\hnee "ei
e\kjim «eh e\lmoe "ej
ellime «eh e\hlmm "ej
e\mhpk «eh el\jlkj ek
e\nhin «eh e\mlko el
eloemh «eh e\pome “em
eloppl «eh el\hien “em
e\ppio «eh e\hhpp ~en



el\heom «ei e\pmim "ep
e\hhoe «ei e\hhjp "he
e\hkep «ei e\jjhe ~hh
e\hmjo «ei e\hehl ~hh
e\homn «ei e\jnpn "hi
eliepm «ei eliekp ~hi
elijim «ei e\hmoo "hi

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

e\hhee «ej e\jnkk «ej eleeee «ee el\ikio ékihep «ej eleeee «ee
e\hlee "ei elihno ~eh
e\jemj «ee e\homp "eh
e\mhhh «ee e\hlop ~eh
e\phlp «ee e\hjjm ~eh
e\hiih «eh e\hhep "eh
e\hlil «eh e\peni "ei
eliklp «eh e\kkkp "ei
e\jjpj «eh e\holk "ei
e\kjim «eh e\mkoj "ej
e\lime «eh e\hoon "ej
e\mhpk «eh e\klkp "ek
e\nhin «eh e\pekj el
eloemh «eh e\hknp "el
e\oppl «eh el\hpol "em
e\ppio «eh el\ihok ~en
e\heom «ei e\hpme “eo
e\hhoe «ei e\jeji "he
e\hkep «ei e\hhne "he
e\hmjo «ei e\kplp ~hh
e\homn «ei e\ijim ~hh
eliepm «ei e\himl ~hh
elijim «ei e\pnlm ~hi

e\hhee «ej el\jokl «ej eleeee «ee elilen ®édHep «ej eleeee «ee

e\hlee "ei el\iijo “eh
e\jemj «ee e\hpep "eh
e\mhhh «ee e\hmhm ~eh
e\phlp «ee e\hjlk *eh
e\hiih «eh e\hhih ~eh
e\hlil «xeh e\phli "ei
eliklp «eh e\kknh "ei
e\jjpj «eh e\home "ei
e\kjim «eh e\mkpo "ej
el\lime «eh e\hope "ej
e\mhpk «eh e\klll "ek
e\nhin «eh e\pelk "el
eloemh «eh e\hkoe "el



eloppl «eh e\hpon “em
e\ppio «eh elihom ”"en
e\heom «ei e\hpmh ~eo
e\hhoe «ei eliooe "he
e\hkep «ei e\hehl ~he
e\hmjo «ei e\jnin ~hh
e\homn «ei e\hlih ~hh
eliepm «ei e\nnnl ~hi
elijim «ei e\lppe "hi

e\hhee «ej e\jpkn «ej eleeee «ee el\ilio ®édHep «ej eleeee «ee

e\hlee ~ei el\iil] "eh
e\jemj «ee e\hpho "eh
e\mhhh «ee e\hmih ~eh
e\phlp «ee e\hjln ~eh
e\hiih «eh e\hhii "eh
e\hlil «xeh e\phmh 7ei
eliklp «eh e\kkni "ei
e\jjpj «eh e\holp "ei
e\kjim «eh e\mkpl "ej
el\lime «eh e\hope "ej
e\mhpk «eh e\kllj ek
e\nhin «eh e\pele "el
eloemh «eh e\hkoe "el
eloppl «eh e\hpom ~em
e\ppio «eh el\ihol *en
e\heom «ei e\hpme “eo
e\hhoe «ei el\ioij “he
e\hkep «ei e\plpp ~hh
e\hmjo «ei e\jipk “hh
e\homn «ei e\hiim ~hh
eliepm «ei ellnpe ~hi
elijim «ei e\kjjn ~hi

e\hhee «ej e\kekp «ej eleeee «ee elillh éeihep «ej eleeee «ee

e\hlee ~ei eliimo "eh

el\jemj «ee e\hpim “eh
e\mhhh «ee e\hmil *eh
e\phlp «ee e\hjlo *eh
e\hiih «eh e\hhii "eh

e\hlil «eh e\phll ~ei

eliklp «eh e\kkmk "ei
e\jjpj «eh e\holm "ei

e\kjim «eh e\mkoi "ej
el\lime «eh e\hoom "ej
e\mhpk «eh e\klkk "ek
e\nhin «eh el\pejk el
eloemh «eh e\hknn ~el
eloppl «eh e\hpoj “em
e\ppio «eh elihoh "en



LLLLLLLLL

e\hhle «ej

e\hhle «ej

e\heom «ei
e\hhoe «ei
e\hkep «ei

e\hpln "eo
elilop ~he
e\noek ~hh

e\hmjo «ei e\ikin “hh
e\homn «ei e\lomhi "hi
eliepm «ei e\kenp "hi
elijim «ei e\jhek ~hi

LLLLLLLLL

e\jnkk «ej
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh

e\leeee «ee
e\ihoi *eh

LLLLLLLLL LLL U irptnttnt

LLLLLLLLLLL

e\ikio ®dhlnl «ej

e\hono “eh
e\hmej "eh
e\hjlk ~eh

e\hhje ~eh
e\pjeh "ei
e\kmni ~ei
eliehh "ei
e\njih "ej

el\iijo "ej

e\lnhl ~ek
e\hihk ~ek
e\ihki nel

el\oppl «eh e\jhin *“em
e\ppio «eh e\jnnm ”“en
el\heom «ei e\jnkp "“eo
e\hhoe «ei e\mmhj "he
e\hkep «ei elinie *"he
e\hmjo «ei e\hiie *he
e\homn «ei e\look “hh
eliepm «ei e\jhnj *“hh
elijim «ei elikeo “hh
e\jokl «ej eleeee «ee elilen *@\hlnl «ej
e\hlee "ei e\iiki "eh
e\jemj «ee e\hphp "eh
e\mhhh «ee e\hmje ~eh
e\phlp «ee e\hjni *eh
e\hiih «eh e\hhki "eh
e\hlil «eh e\pjoh "ei
eliklp «eh e\kmpl "ei

e\jjpj «eh

e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh

eliehn "ei

e\njjm "ej
eliiki Nej

e\lnii ek
e\hihm 7~ek
elihkj nel

e\leeee «ee

e\leeee «ee



eloppl «eh e\jhje “em
e\ppio «eh e\jnnp "en
e\heom «ei e\jnli "eo
e\hhoe «ei e\mhoo ~he
e\hkep «ei eliiph ~he
e\hmjo «ei elonnm ~hh
e\homn «ei e\jmki *“hh
eliepm «ei e\hoeo ~hh
elijim «ei e\hjle ~hh

e\hhle «ej el\jpkn «ej eleeee «ee elilio *\hlnl «ej eleeee «ee
e\hlee ~ei eliiln ~eh
e\jemj «ee e\hpin ~eh
e\mhhh «ee e\hmjl "eh
e\phlp «ee e\hjnl ~eh
e\hiih «eh e\hhkj "eh
e\hlil «eh e\pjop "ei
eliklp «eh e\kmpl "ei
e\jjpj «eh eliehm "ei
e\kjim «eh e\njjj "ej
el\lime «eh eliikh *ej
e\mhpk «eh ellnie "ek
e\nhin «eh e\hihl ek
eloemh «eh e\ihki ~el
eloppl «eh e\jhio “em
e\ppio «eh e\jnnn "en
el\heom «ei e\jnle ~eo
e\hhoe «ei e\mejk "he
e\hkep «ei elihke "he
e\hmjo «ei e\nlop “hh
e\homn «ei el\iojm ~hh
eliepm «ei e\hink ~hh
elijim «ei e\pheh ~hi

e\hhle «ej e\kekp «ej eleeee «ee elillh ®ahinl «ej eleeee «ee

e\hlee ~ei eliinj "eh
el\jemj «ee e\hpjm ”“eh
e\mhhh «ee e\hmjp "eh
e\phlp «ee e\hjnm ”“eh
e\hiih «eh e\hhkj "eh
e\hlil «eh e\pjoj "ei
eliklp «eh e\kmon 7ei
e\jjpj «eh eliehi "ei
e\kjim «eh e\njhp "ej
el\lime «eh e\iijn "ej
e\mhpk «eh ellnhe "ek
e\nhin «eh e\hihj ek
eloemh «eh elihjp "el
eloppl «eh e\jhij "em
e\ppio «eh e\jnnh "en



LLLLLLLLL

e\hiee «ej

LLLLLLLLL

e\jnkk «ej

e\heom «ei

e\jnkk ~eo

e\hhoe «ei el\lkpk ~he
e\hkep «ei e\hnie ~he
e\hmjo «ei e\llel "hh
e\homn «ei e\hpjn ~hh
eliepm «ei e\oljk ~hi

e\ijim «ei

e\hlee "ei
e\jemj «ee
e\mhhh «ee

e\leeee «ee

e\mhhm ~hi

LLLLLLLLL LLL U irptnttnt

el\ihom ”~eh
e\hoon “eh

e\hmhm ”~eh

e\phlp «ee e\hjnh "eh
e\hiih «eh e\hhkp ~eh
e\hlil «eh e\plho "ei

eliklp «eh

e\jjpj «eh

e\kjim «eh
e\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
e\oppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei

e\koop "ei
elihmn "ei
e\ohpe "ej
el\imhp "ej
e\neli "ek
e\hlpj ek
e\jehe "el

e\knko *em

e\mikk ~en

e\moei “eo

e\hjmk ~ep
e\lpom ~he
e\ioli "he

e\hkjm ~he

e\nphl ~“hh

elikio ®8hmke «ej

LLLLLLLLLLL

e\leeee «ee

elijim «ei e\mejo “hh

e\hiee «ej e\jokl «ej eleeee «ee elilen "e\imke «ej eleeee «ee

e\hlee "ei

el\jemj «ee e\hpin “eh
e\mhhh «ee e\hmkj ~eh
e\phlp «ee e\hjop "eh
e\hiih «eh e\hhmh “eh
e\hlil «eh e\plpo "ei
eliklp «eh e\kphh 7~ei
e\jjpj «eh e\ihnj "ei
e\kjim «eh el\oiel "ej
el\lime «eh e\imij "ej

e\mhpk «eh
e\nhin «eh
el\oemh «eh

eliikm ~eh

e\neme "ek

e\hlpk ~ek
e\jehi ~el



e\hiee «ej

e\hiee «ej

eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei

e\jpkn «ej
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh
e\heom «ei
e\hhoe «ei
e\hkep «ei
e\hmjo «ei
e\homn «ei
eliepm «ei
e\ijim «ei

e\kekp «ej
e\hlee "ei
e\jemj «ee
e\mhhh «ee
e\phlp «ee
e\hiih «eh
e\hlil «eh
eliklp «eh
e\jjpj «eh
e\kjim «eh
el\lime «eh
e\mhpk «eh
e\nhin «eh
eloemh «eh
eloppl «eh
e\ppio «eh

e\eeee «ee

e\leeee «ee
eliinm ~eh

e\knlh *em
e\miko "en
e\moem “eo
e\hilk ~ep
e\kooi *he
e\hpmp ~he
e\olhj ~hh
e\kipk “hh

e\jiee “hh

elilio "e\imke «ej

eliimh ~eh

e\hpjm ~eh
e\hmko "eh
e\hjpi *eh

e\hhmj *eh
e\pmen “ei
e\kphh "ei
elihni Mei

e\loieh "ej
elimih ~ej
e\nelm "ek
e\hlpj ~ek
e\jehh "el
e\knkp "em
e\mikl ~en
e\moei "eo
e\hihk ~ep
e\kkph ~he
e\hmlo ~he
e\mjno ~hh
eliomk ~hh

eliehp ~hh

e\illh ®dhmke «ej

e\hpkk ~eh
e\hmli ~eh
e\hjpj ~eh

e\hhmj ~eh
e\pmee “ei
e\kpek "ei
elihmo "ei

el\ohon "ej
elimhn "ej
e\nekl ek
e\hlph ek
e\jeem "el
e\knki "em
e\mijm ~en

e\leeee «ee

e\leeee «ee



e\heom «ei e\mnpi "eo
e\hhoe «ei e\hepn “ep
e\hkep «ei e\jlml ~“he
e\hmjo «ei e\hhoj "he
e\homn «ei e\kiki “hh
eliepm «ei e\hoje “hh
el\ijim «ei e\hinj ~hh

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

e\hile «ej e\jnkk «ej eleeee «ee elikio "etinek «ej eleeee «ee

e\hlee *ei e\ihop "eh
e\jemj «ee e\hopl *eh
e\mhhh «ee e\hmip “eh
e\phlp «ee e\hjon "eh
e\hiih «eh e\hhmo “eh
e\hlil «eh e\pnil ~ei
eliklp «eh ellepp "ei
e\jjpj «eh e\ijij Nei
e\kjim «eh e\peok "ej
e\lime «eh e\jeio "ej
e\mhpk «eh el\olmi "ek
e\nhin «eh eliekm ek
eloemh «eh e\khhp "el
e\oppl «eh e\mpno *“em
e\ppio «eh el\ppio "en
e\heom «ei e\hhno “en
e\hhoe «ei elimnm "ep
e\hkep «ei e\hili "ep
e\hmjo «ei e\mjje "he
e\homn «ei e\jjke ~he
eliepm «ei e\hpel *he
elijim «ei e\hknl ~he

e\hile «ej e\jokl «ej eleeee «ee elilen "ehinek «ej eleeee «ee

e\hlee "ei eliikp ~eh
e\jemj «ee e\hpjl *eh
e\mhhh «ee e\hmlm ~eh
e\phlp «ee e\hkel “eh
e\hiih «eh e\hhoe "“eh
e\hlil «eh e\poel "ei
eliklp «eh e\lhih %ei
e\jjpj «eh e\ijip "ei
e\kjim «eh e\phee "ej
e\lime «eh e\jeji Nej
e\mhpk «eh e\olne "ek
e\nhin «eh eliekn ~ek
eloemh «eh e\khii "el



eloppl «eh e\mpoi "em
e\ppio «eh e\ppjj "en
e\heom «ei e\hhno “en
e\hhoe «ei el\ikhi "ep
e\hkep «ei e\pooi “he
e\hmjo «ei e\kihh ~he
e\homn «ei e\hphn ~he
eliepm «ei e\heel "he
elijim «ei e\nmep ~hh

e\hile «ej e\jpkn «ej eleeee «ee elilio "ehinek «ej eleeee «ee

e\hlee "ei eliimk ”~eh
e\jemj «ee e\hpkk "eh
e\mhhh «ee e\hmmh ~eh
e\phlp «ee e\hkeo "eh
e\hiih «eh e\hhoi ~eh
e\hlil «xeh e\pohk "ei
eliklp «eh e\lhih "ei
e\jjpj «eh el\ijio "ei
e\kjim «eh e\pepm "ej
el\lime «eh e\jejh "ej
e\mhpk «eh elolmm "ek
e\nhin «eh eliekm "ek
eloemh «eh e\khie "el
eloppl «eh e\mpnp *“em
e\ppio «eh el\ppip "en
e\heom «ei e\hhno “en
e\hhoe «ei elijhm "ep
e\hkep «ei elopip “he
e\hmjo «ei e\jkkl "he
e\homn «ei e\hjoi “he
eliepm «ei e\mkee ~hh
elijim «ei e\klme ~hh

e\hile «ej e\kekp «ej eleeee «ee elillh "elinek «ej eleeee «ee

e\hlee "ei eliioe "eh
el\jemj «ee e\hplj *eh
e\mhhh «ee e\hmml ~eh
e\phlp «ee e\hkep “eh
e\hiih «eh e\hhoi ~eh
e\hlil «xeh e\poen “ei
eliklp «eh e\lhhj "ei
e\jjpj «eh el\ijik "ei
e\kjim «eh e\peoh "ej
ellime «eh e\jeim "ej
e\mhpk «eh e\ollj *ek
e\nhin «eh eliekj "ek
eloemh «eh e\khhl "el
eloppl «eh e\mpne “em
e\ppio «eh e\pphm ~en



e\heom «ei e\hhnm “~en
e\hhoe «ei elienk "ep
e\hkep «ei e\mppo *he
e\hmjo «ei elikhn ~he
e\homn «ei elopmj “hh
eliepm «ei e\jpij “hh

elijim «ei e\inim ~hh

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

e\hjee «ej e\jnkk «ej eleeee «ee elikio ®ahnmn «ej eleeee «ee

e\hlee ~ei elihpj "eh
el\jemj «ee e\hpej “eh
e\mhhh «ee e\hmke ~eh
e\phlp «ee e\hkei “eh
e\hiih «eh e\hhom ”“eh
e\hlil «eh e\ppii "ei
eliklp «eh elljei el
e\jjpj «eh e\iknn "ei
e\kjim «eh e\heee "ei
e\lime «eh e\jkml "ej
e\mhpk «eh e\heil "ej
e\nhin «eh elilnp "ek
eloemh «eh el\lleo "el
e\oppl «eh e\ppml "em
e\ppio «eh e\hlik "em
e\heom «ei e\hplm "en
e\hhoe «ei elleil "ep
e\hkep «ei elileh nep
e\hmjo «ei e\hjjn "ep
el\homn «ei e\njoj "he
eliepm «ei e\kjnh ~he
elijim «ei el\jkko ~he

e\hjee «ej e\jokl «ej eleeee «ee elilen "®\inmn «ej eleeee «ee

e\hlee "ei eliilj *eh
e\jemj «ee e\hpkj “eh
e\mhhh «ee e\hmmn "eh
e\phlp «ee e\hkie “eh
e\hiih «eh e\hhpo "eh
e\hlil «xeh e\heee "“eh
eliklp «eh el\ljil Mei
e\jjpj «eh el\ikoj "ei
e\kjim «eh e\heei "ei
el\lime «eh e\jkmp "ej
e\mhpk «eh e\heim "ej
e\nhin «eh eliloh *ek
e\loemh «eh e\llhi "el



eloppl «eh e\ppne “em
e\ppio «eh e\hlil *em
e\heom «ei e\hplm “en
e\hhoe «ei e\kkjl "ep
e\hkep «ei e\hphh "ep
e\hmjo «ei el\omeo "he
e\homn «ei e\khkj "he
eliepm «ei el\iino "he
el\ijim «ei e\hnmi "he

e\hjee «ej el\jpkn «ej eleeee «ee elilio "®\hinmn «ej eleeee «ee

e\hlee ~ei eliimo "eh
e\jemj «ee e\hpli *eh
e\mhhh «ee e\hmnj *eh
e\phlp «ee e\hkij *eh
e\hiih «eh e\hiee ~eh
e\hlil «xeh e\heeh ~eh
eliklp «eh elljil "ei
e\jjpj «eh e\ikoj "ei
e\kjim «eh e\heeh "ei
ellime «eh e\jkmn "ej
e\mhpk «eh e\heil "ej
e\nhin «eh eliloe "ek
eloemh «eh elllep "el
eloppl «eh e\ppmm ~em
e\ppio «eh e\hlil *em
e\heom «ei e\hpll *en
e\hhoe «ei e\kihl ~ep
e\hkep «ei e\hmpi ~ep
e\hmjo «ei e\moji *he
el\homn «ei el\iono "he
eliepm «ei e\hjpn “he
elijim «ei e\hehp ~he

e\hjee «ej el\kekp «ej eleeee «ee elillh ®ahnmn «ej eleeee «ee

e\hlee ~ei el\iioj "eh
e\jemj «ee e\hpme "eh
e\mhhh «ee e\hmnm ”“eh
e\phlp «ee e\hkik "eh
e\hiih «eh e\hiee ~eh
e\hlil «xeh e\heee “eh
eliklp «eh e\ljhn "ei
e\jjpj «eh el\ikno “ei
e\kjim «eh e\pppo "ej
el\lime «eh e\jkmi "ej
e\mhpk «eh e\heik "ej
e\nhin «eh el\ilnm ~ek
eloemh «eh el\llei "el
eloppl «eh e\pplj “em
e\ppio «eh e\hlij *"em



e\heom «ei e\hplj ~en
e\hhoe «ei e\jnke "ep
e\hkep «ei e\hjeo “ep
e\hmjo «ei e\knhe “he
e\homn «ei e\hoij “he
eliepm «ei el\oink ~hh
elijim «ei e\lokj ~“hh

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

e\hjle «ej e\jnkk «ej eleeee «ee elikio "eHoip «ej eleeee «ee
e\hlee "ei elihpm “~eh
e\jemj «ee e\hphe "eh
e\mhhh «ee e\hmlh ~eh
e\phlp «ee e\hkhm "eh
e\hiih «eh e\hiej ~eh
e\hlil «xeh e\hehh "eh
eliklp «eh el\llee "ei
e\jjpj «eh e\imjh "ei
e\kjim «eh e\hepk "ei
el\lime «eh e\jpin "ej
e\mhpk «eh e\hihh "ej
e\nhin «eh e\jhpp "ek
eloemh «eh e\nihk "el
e\oppl «eh el\hjon "el
e\ppio «eh eliimp “em
el\heom «ei e\jhjh ~en
e\hhoe «ei e\penm "ep
e\hkep «ei e\knoo "“ep
e\hmjo «ei elimpl "ep
e\homn «ei e\hllj *ep
eliepm «ei e\pljn ~he
elijim «ei e\nmmj "he

e\hjle «ej e\jokl «ej eleeee «ee elilen "ehioip «ej eleeee «ee

e\hlee "ei e\iilm "eh
el\jemj «ee e\hplh ~eh
e\mhhh «ee e\hmno “eh
e\phlp «ee e\hkjk ~eh
e\hiih «eh e\hihl *eh
e\hlil «xeh e\hehp “eh
eliklp «eh e\llij Mei
e\jjpj «eh e\imjn "ei
e\kjim «eh e\hepm “ei
e\lime «eh e\jpjh "ej
e\mhpk «eh e\hihi *ej
e\nhin «eh el\jiee "ek
e\loemh «eh e\nihn "el



eloppl «eh e\hjoo "el
e\ppio «eh eliine “em
e\heom «ei e\jhjh ~en
e\hhoe «ei e\noji "ep
e\hkep «ei e\jlkn ~ep
e\hmjo «ei e\hmoo "ep
e\homn «ei e\oloh "he
eliepm «ei e\kplj "he
elijim «ei e\jpij "he

e\hjle «ej e\jpkn «ej eleeee «ee elilio "ehioip «ej eleeee «ee

e\hlee ~ei eliinh "eh
e\jemj «ee e\hplp “eh
e\mhhh «ee e\hmok ~eh
e\phlp «ee e\hkjn ~eh
e\hiih «eh e\hihn ~eh
e\hlil «xeh e\heie "eh
eliklp «eh el\llij Mei
e\jjpj «eh e\limjm "ei
e\kjim «eh e\hepl "ei
el\lime «eh e\jpje "ej
e\mhpk «eh e\hihi "ej
e\nhin «eh e\jhpp "ek
eloemh «eh e\nihk "el
eloppl «eh e\hjon "el
e\ppio «eh eliimp “em
el\heom «ei e\jhip ~en
e\hhoe «ei e\njlo "ep
e\hkep «ei el\jenl "ep
e\hmjo «ei e\hjee "ep
e\homn «ei el\lnmm "he
eliepm «ei eliplh *he
elijim «ei e\iihk *“he

e\hjle «ej el\kekp «ej eleeee «ee elillh "e\lioip «ej eleeee «ee

e\hlee ~ei eliion "eh
e\jemj «ee e\hpmo “eh
e\mhhh «ee e\hmon “eh
e\phlp «ee e\hkjp ~eh
e\hiih «eh e\hihn ~eh
e\hlil «xeh e\hehp ~eh
eliklp «eh elllhk "ei
e\jjpj «eh e\imji "ei
e\kjim «eh e\hepj "ei
el\lime «eh e\jpik "ej
e\mhpk «eh e\hihe "ej
e\nhin «eh e\jhpl ek
eloemh «eh e\niel "el
eloppl «eh e\hjol ~el
e\ppio «eh eliimn “em



e\heom «ei e\jhil *en
e\hhoe «ei e\mkmm "ep
e\hkep «ei elijkj *ep
e\hmjo «ei e\ooej "he
e\homn «ei e\jlnj *"he
eliepm «ei e\hneh "he
el\ijim «ei e\hijj "he

LLLLLLLLL LLLLLLLLL LLLLLLLLL LLLLbovmveeenmemi LLLLLLLLLLL

e\hkee «ej e\jnkk «ej eleeee «ee el\ikio ékilmop «ej eleeee «ee

e\hlee ~ei e\ihpp "eh
e\jemj «ee e\hphn "eh
e\mhhh «ee e\hmmi ~eh
e\phlp «ee e\hkje ~eh
e\hiih «eh e\hihp ~eh
e\hlil «xeh e\heip “eh
eliklp «eh ellmpi "ei
e\jjpj «eh e\inoj "ei
e\kjim «eh e\hhpe "ei
el\lime «eh e\kkhk "ej
e\mhpk «eh e\hkhl "ej
e\nhin «eh el\jpep "ek
eloemh «eh e\pinj el
e\oppl «eh e\hoon "el
e\ppio «eh el\jiom “em
e\heom «ei e\koko “en
e\hhoe «ei e\hloj "eo
e\hkep «ei el\ooii "ep
e\hmjo «ei elliel ~ep
e\homn «ei e\jhho "ep
eliepm «ei e\hpoi "ep
elijim «ei e\hmie "ep

e\hkee «ej el\jokl «ej eleeee «ee elilen ®dhoop «ej eleeee «ee

e\hlee "ei eliilp ~eh
el\jemj «ee e\hpln ~eh
e\mhhh «ee e\hmop “eh
e\phlp «ee e\hkko “eh
e\hiih «eh e\hijh ~eh
e\hlil «eh e\hejn ~eh
eliklp «eh e\lnhk ~ei
e\jjpj «eh elinop "ei
e\kjim «eh e\hhph %ei
e\lime «eh e\kkho "ej
e\mhpk «eh e\hkhm "ej
e\nhin «eh e\jphh "ek
eloemh «eh e\pinn "el



eloppl «eh e\hoon "el
e\ppio «eh el\jion “em
e\heom «ei e\koko “en
e\hhoe «ei e\hjjl *eo
e\hkep «ei e\mjko "ep
e\hmjo «ei e\jhom "ep
e\homn «ei e\hnen “ep
eliepm «ei e\heji "ep
elijim «ei e\ojlo "he

e\hkee «ej e\jpkn «ej eleeee «ee elilio ®dhoop «ej eleeee «ee

e\hlee ~ei eliink ~eh
e\jemj «ee e\hpmm ”~eh
e\mhhh «ee e\hmpk ~eh
e\phlp «ee e\hklh ~eh
e\hiih «eh e\hijj *"eh
e\hlil «xeh e\hejo "eh
eliklp «eh ellnhk "ei
e\jjpj «eh e\inoo "ei
e\kjim «eh e\hhph "ei
el\lime «eh e\kkhm "ej
e\mhpk «eh e\hkhm "ej
e\nhin «eh e\jpep "ek
eloemh «eh e\pinj el
eloppl «eh e\hoon "el
e\ppio «eh el\jiom “em
el\heom «ei e\kokl "en
e\hhoe «ei e\hijo "eo
e\hkep «ei el\ljoe "ep
e\hmjo «ei elijoh "ep
e\homn «ei e\hhhk "ep
eliepm «ei e\meih "“he
elijim «ei e\kmko ~he

e\hkee «ej e\kekp «ej eleeee «ee elillh ékilbop «ej eleeee «ee
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