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1.0 Overview

This manual is a guide of the duties and responsibilities for a GSE QA technician.
ASTM Praclices that this guide lists include the following and are included separately:

ASTM D-6392 Standard Test Methods For Determining The Integrity OF NonReinforced Geomembrane
Seams Produced Using Thermo Fusion Metheds

ASTM D-5820 Standard Practice For Pressurized Air Channel Evaluation of Dual Seamed
Geomembranes

ASTM D-5641 Standard Practice For Geomembrane Seam Evaluation By Vacuum Chamber

ASTM D-6497 Standard Guide For Mechanical Attachment of Geomembrane to Penetrations or
Structures

GRI Standard GM13 Test Properties, Testing Frequency and Recommended Warranty for High Density
Polyethylene {HDPE) Smooth and Textured Geomembranes

GRI Standard GM14 Selecting Variable Intervals for Taking Geomembrane Destructive Seam Samples
Using the Method of Attributes

GRI Standard GM17 Test Properiies, Testing Frequency and Recommended Warranty for Linear Low
Density Polyethylene {LLDPE} Smooth and Textured Geomembranes

GRI Standard GM19 Standard Specification for Seam Strength and Related Properties of Thermally
Bonded Polyolefin Geomembranes

2.0 Material Delivery
2.01  Upon arrival on site, the GSE QA will do an inventory of materials on the job site.

2.02  Roli numbers of liner, textile, geonet and composite will be logged on the Inventory Check List and
cross-referenced with bills of lading {Materials Supplied by GSE).

2.03 Copies of the Inventory Check List and signed Bill of Ladings should be sent to the home office
with the QA refaining the originals.

2.04  Any visible damage to rolt materials should be noted on the roll and Inventory Check List.

3.0 Earthwork

3.01  The General Contracior is responsible for preparing and maintaining the subgrade, The subgrade
should be prepared and maintained per the individual job specifications.

3.02  Subgrade Surface Acceptance Cerfificate - The GSE Site Manager shall be responsible for assur-
ing that the subgrade surface has been properly prepared for deployment of geosynthetics.  if
GSE is required fo sign a Subgrade Surface Acceptance Certificate, please use the form provid-
ed by GSE. Under no circumstances sign off on subgrade that is not suitable for deployment of
geosynthetics. Sign the Subgrade Acceptance Certificate only on areas to be covered in one day,
preferably after deployment.
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3.03  If the subgrade is unacceptable and the GC/Owner directs GSE to deploy over, the GSE Site
Manager must have the Owner's representative sign the Deployment by Owner's Direcfion Over
Unsuitable Subgrade Certificate which will take the place of the Subgrade acceptance Certificate
for the particulor area being covered.

3.04  Prior to material installation, whenever possible, the QA should measure the area to be covered
and compare it to the area used for the bid. An outline of the area including anchor trenches,
top of slopes and toe of slopes will be provided by GSE's Drafting department. Use this outline to
log actual on=site conditions, i.e....distances between anchor trenches, length of anchor trenches,
top of berms, length of slopes and/or any other relevant distances.

Note: Whenever possible distances will be included on the blank outlines. If actual field dimen-
sions have changed or do not match the GSE outline the QA should notify their Supervisor and
then the Project Manager, so that quantities can be reassessed to determine the proper amount of
material needed for installation. It is important to establish the limits of deployment with all par-
ties. Any changes must be noted and signed off by the Customer’s Representative.

4.0 Panel Placement

4.01  Each panel will be assigned o number as detailed below.

4.01a  When there is only one layer, panels may be designated with a number only, i.e....
1, 2, 3, 4 efc.

4.01b When two or more layers are required use a letter and number, i.e....
Secondary Liner $1, 52, S3, $4 efc...
Primary Liner P1, P2, P3, P4 eic...
Tertiory Liner T1, T2, T3, T4 etc...

4.02  This numbering system should be used whenever possible. Agreement to a panel numbering sys-
tem should be made at the pre-construction mesting if possible. However, it is essential that GSE's
system and the Owner's Representative/Third Party QA agree. Do not use different systems.

4.03  Panel numbers shall be writien in large block lefters in the cenfer of each deployed panel. The
roll number, date of deployment and length {gross} should be noted below the panel number. All
noting should be made so that they are easily visible from a distance. On long panels it is ben-
eficial to write information at both ends,

4.04  Panel Numbers shall be logged on the GSE Panel Placement Log along with the roll number and
gross length,

4.05  If there is a partial roll left after deployment it is important to write the last four digits of the roll
number several imes for future identification, along with the estimated length.

5.0 Trial Welds

5.01 Seaming apparatus shall be aflowed to warm up a minimum of 15 minutes before performing trial
welds.

5.02 Each seaming apparatus along with GSE Welding Tech will pass «a trial weld prior to use.  Trial
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welds fo be performed in the morning and afternoon, as a minimum, as well as whenever there
is o power shuidown.

5.03  Fusion or wedge welds will always be performed or conducted on samples at least &' long.
Extrusion welds will be done on samples at least 3' long.

Note: Always perform trial welds in the same conditions that exist on the job. Run the frial welds

on the ground, not the installed liner. Do not use a wind break unless you are using one on the
job.

5.04  Sampling Procedure

5.04¢  Cut 4 - 1" wide specimens from the trial weld sample. Operating temperatures
should be monitored while welding.

5.04b  Specimens will always be cut using o 1" die cutter so the peel values may be used
for qualitative analysis.

5.04c  When cutting coupons from the frial weld samples, the inside and outside tracks on
the coupon should be identified to assist in troubleshooting problems in case the
weld fails. The outside track will be defined as the track which would be peeled if
pulling the overlap exposed in a typical installation, or the seam which is closest
lo the edge of the top sheet. The inside track is the seam closest fo the edge of the
bottom sheet.

5.04d  Place a small mark on the exposed (Top) overlap to denote the cutside track prior
to testing trial welds.

5.05 Die Cutter
5.05a  Cnly cut one sample at a time fo avoid damaging the die cutter.
5.05b  Samples should be free of sand and grit prior to cutting sample.

5.05c  Inspect the die edge weekly for nicks, dents or signs of dullness. Dullness of the cut
ting edge may damage the units.

5.05d  Remove die when edge has been dulled and lightly reshape it with @ medium hand
file. When wear is excessive refurn it for a replacement die.

5.05¢  When the cutting board becomes deeply scored and/or interferes with coupon cut-
ting it should be replaced.

5.05d To adjust the depth of the die cut into the cutting board, after replacing the cutting
board or sharpening the die, 0.015" washer shims can be added or removed
between the cuiting ram and the ram extension. Cnly add shims when cutting is dif-
ficult due 1o lack of depth of cut.

5.06  Trial Weld Tesfing

5.06a  Allow coupons to cool prior to festing. Avoid separafing the coupons while hot as
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failure of the sheet may be initiated and false readings indicated.

5.06b  In extreme heat the coupons may need fo be cooled, using water or an insulated
cooler prior fo peel testing. Lab conditions specify 70 degrees (plus or minus 4
degrees) Fahrenheit. Coupon temperatures greater than 70 degrees may result in
lowered strengths.

5.06c  Visudlly inspect the coupons for squeeze-out, footprint, pressure and generdl
appearance.

5.06d  Each of the 4 coupons will be tested in peel on the field fensiometer at a separe-
tion rate of 2" per minute {for HDPE). Shear tests, in addition fo the peel tests, will
be performed if required by a sitespecific QA. Plan.

5.07  Pass/Fail Criteria
5.07a  Criferia for passing trial welds will be as follows:

1} Seam must exhibit film tear bond {FTB). Trial welds should have no incursion into the
weld.

2) Peel and shear values shall meet or exceed the values listed below for HDPE smooth or
textured sheet {@ 2" /min.}:

Material Shear Strength  Fusion Peel  Extrusion Peel

Mih) (PPI) (PPh) (PPD)
40 81 65 52
60 121 98 78
80 162 130 104
100 203 162 130

3] Peel and shear values shall meet or exceed the values listed below for LLDPE smooth or
textured sheet (@ 20"/min.):

Material Shear Strength  Fusion Peel  Extrusion Peel
(Mil) (rPY) (PPD (PPD
40 60 50 48
60 90 75 72
80 120 100 9%
100 150 125 120

5.07b  Both tracks of fusion welded samples must pass for the trial weld to be considered
acceptable. If any of the four coupons fail sither due 1o seam incursion [no FTB} or
low strength values, the trial weld must be re-done,

5.07¢  The GSE QA will give approval to proceed with welding after observing and
recording all trial welds.

5.08 Trial Weld Documentation
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5.08c Al trial weld data will be logged on the GSE Trial Weld log

5.08b  When logging fusion welded peel values on the GSE Trial Weld log indicate the
values for the outside track first, followed by the inside track

5.08¢c  Speed and temperature settings will be recorded for each machine's trial weld

6.0 Geomembrane Field Seaming

6.01  The seam number takes the identily of the panels on each side. The seam between panels 1 & 2
becomes Seam 1/2. These lengths and seam numbers shall be recorded in the GSE Seam Log.

6.02  Welding Technicians will mark their initials/employee number, machine number, date and time at
the start of every seam. Technician should dlso periodically mark temperatures along the seam
and at the end of the seam.

6.03  Approved processes for field seaming and repairing are extrusion welding and fusion welding.
All welding equipment shall have accurate temperature monitoring devices installed and working
to ensure proper measurement.

6.04  Exirusion welding shall be used primarily for repairs, patching and special detail fabricating and
may be used for seaming. The GSE Site Manager shall verify that:

1} equipment in use is functioning properly

2} welding personnel are purging the machine of heat degraded extrudate prior to actual
use

3) all work is performed on clean surfaces and done in a professional manner

4} no seaming will be performed in adverse weather conditions

6.05  Fusion welding, shall be used for seaming panels together and is not used for patching or detail
work. The GSE Site Manager shall verify that:

1} the equipment used is functioning properly

2) seaming personnel are working in a professional manner and are aftentive to their
duties

3} no seaming will be performed in adverse weather condifions

6.06  Seam preparation, the welding technician shall verify that:

1} prior to seaming, the seaming area is free of moisture, dust, dirt, sand or debris of any
nature

2} the seam is overlapped properly for fusion welding

3] the seam is overlapped or extended beyond damaged areas at least 4" when extrusion
welding

4) the seam is properly heat facked and abraded when extrusion welding

5] seams are welded with fewest number of unmatched wrinkles or "fishmouths"

6.07 No seaming will be performed in ambient air temperatures or adverse weather conditions that
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would jeopardize the inlegrity of the liner installation,

7.0 Field Destructive Testing

7.01  Destruclive seam tests shall be performed to evaluate bonded seam strength. The frequency of
sample removal shall be one sample per 500" of seam, unless specific site specifications differ.
Location of the destructive samples will be selected and marked by the QA Technician or third
party QA. Field testing should take place as soon as possible after seam is completed.

7.02  Samples should be labeled in numerical order, Le, DS-1, DS-2 etc....This should carry thre any
layers and or multiple ponds, do not start numbering from 1 again. {This is the preferred method)

7.03  The size of samples and distribution should be approximately 12" x 39"Isize may vary depend-
ent on Job requirements) and distributed as follows:

7.03a 12" x 12" piece given fo QA Technician for field testing.
7.03b 12" x 12" piece sent to Home Office for testing, if required.
7.03c 12" x 12" piece given fo third party for independent testing, or archiving.

NOTE: All samples will be labeled showing test number, seam number, machine number, job num-
ber, date welded and welding tech number.

7.04  The sample given to the QA Technician in the field shall have ten coupons cut and be tested with
a tensiometer adjusted to a pull refe as shown below. The strength of four out of five specimens
should meet or exceed the values below, and the fifth specimen must meet or exceed 80% of the
value below,

1} Seam must exhibit film tear bond (FTB). Welds should have <25% incursion into the
weld.

2] Peel and shear values shall meet or exceed the values listed below for HDPE smooth or
textured sheet (@ 2" /min.}:

Material Shear Strength  Fusion Peel  Extrusion Peel
(Mil) (PP (PPI) (PPI)
40 81 65 52
60 121 98 78
80 162 130 104
100 203 162 130

3] Peel and shear values shall meet or exceed the values listed below for LIDPE smooth or
textured sheet {@ 20" /min.):

Material Shear Strength  Fusion Peel  Extrusion Peel
(Mil) (PPID) (PPD) (PPD
40 60 50 48
60 90 75 72
80 120 100 96
100 150 125 120
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7.05  All weld destructive test data will be logged on the GSE Destructive test log.

7.06  When logging fusion welded peel values on the GSE Destructive Test Log, indicate the values for
the outside frack first, followed by the inside track.

7.08  Test resulfs will be noted in the GSE Destructive Test Log as P {pass) or F {fail).

7.09  Iftest fails, additional samples will be cut, approximately 10' on each side of the failed test, and
refested. These will be labeled A (after) & B (before}. This procedure will repeat itself until a sam-
ple passes. Then the area of failed seam between the two tests that pass will be capped or recon-
structed.

7.10  Inlieu of taking an excessive number of samples, the GSE Site Manager may opt to exirusion weld
the flap or cap the entire seam and then non-destructively test according to Section 8.0.

8.0 Non-Destructive Testing

8.01  GSE shall non-desfructively test all seams their full length using an air pressure or vacuum test. The
purpose of this test is to check the confinuity of the seam.

8.02  Air festing; the following procedures are applicable fo those seams welded with o double-seam
fusion welder.

8.02a  The equipment used shall consist of an air tank or pump capable of preducing «
minimum 35 psi and a sharp needle with a pressure gauge attached to insert info
the air chamber.

8.02b  Seal both ends of the seam by heating and then squeezing together. Insert the nee-
dle with the gauge into the air channel, it may be necessary to heat the liner to
make this easier. Pressurize the air channel to 30psi. Note time fest starts and wait
a minimum of 5 minutes fo check. If pressure after five minutes has dropped less
than 2 psi then the fest is successful {Thickness of material may cause variance).

8.02c  Cut opposife seam end and listen for pressure release to verify full seam has been
tested.

8.02d  IF the test fails, follow these procedures.

al While channel is under pressure walk the length of the seam listening for a
leak.

b} While channel is under pressure apply a soapy solution to the seam edge
and lock for bubbles formed by qir escaping.

¢} Redest the seam in smaller increments until the leak is found.

8.02¢  Once the leak is found using one of the proceedures above, cut out the leak area
and retest the portions of the seams between the leak areas as per 8.02a fo 8.02¢
above. Continue this proceedure until all sections of the seam pass the pressure test.

8.02f  Repair the leak with a patch and vacuum test again,

8.02g  All nondestructive tests will be noted in the GSE Non-Destructive Test/Repair log.
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8.03  Vacuum testing; the following procedures are applicable fo those seams welded with a exirusion
welder.

8.03c  The equipment used shall consist of an vacuum pumping device, o vacuum hox and
a foaming agent in solution.

8.03b  Wet a section with the fooming agent, place vacuum box over wetted area.
Evacuate air from the vacuum box fo a pressure suitable fo affect a seal between
the box and geomembrane. Observe the seam through the viewing window for
the presence of soap bubbles emitting from the seam.

8.03¢ I no bubbles are observed, move box to the next area for testing. If bubbles are
observed, mark the area of the leak for repair as per Section 10.0 and retest as
per Section 8.03.

Note: If vacuum testing fusion welded seams, the overlap flap must be cut off to perform the tests.

9.0 Defects and Repairs

9.01  Identification; all seams and nonseam areas of the geomembrane lining system shall be exam-
ined for defects in the seam and sheet.

9.02  Identification of the defect should be made using the following procedures:

9.02a  For any defect in the seam or sheet that is an actual breach (hole) in the liner, instal-
lation personnel shall circle the defect and mark with the letter "P" along side the
circle. The letter "P" indicates a patch is required,

9.02b  For any defect that is not an actual hole, installation personnel shall only circle the
defect indicating that the repair method may be only an extruded bead and that a
patch is not required.

©.02¢c  Each suspect area that has been identified as needing repair shall be repaired in
accordance with this section and Non-Destructively fested as per Section 8.0. After
all work is complete, the GSE Site Manager will conduct a final walkthrough to
confirm alf repairs have been completed and debris remaved. Only ofter this final
evaluation by GSE's Site Manager and Owner/Agent shall any material be placed
over the installed liner.

10.0 Repair Procedures

10.01 Any Portion of the Geomembrane liner system exhibiting a defect which has been marked for
repair may be repaired with any one or combination of the following procedures:

1} Patching - used fo repair holes, fears, undispersed raw materials in the sheet and dent-
ed areas.

2} Grind and Reweld - used io repair small sections of exiruded seams.

3] Spot Welding - Used to repair small minor, localized flaws.

4} Flap Welding - Used to exirusion weld the flap of a fusion weld in lieu of a full cap.

5] Capping - Used 1o repair failed seams.
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6) Topping - Application of extrudate bead directly to existing seams.

10.02 The following conditions shall apply to the above methods:

1) surfaces of the geomembrane which are fo be repaired shall be roughened

2} all surfaces must be clean and dry at the time of the repair

3] all seaming equipment used in repairing procedures shall be qualified

4) all patches and caps shall extend at least 4" beyond the edge of the defect, and «ll
patches must have rounded corners

5} dll cut out holes in liner must have rounded corners, 3" min. radius

11.0 As-Built Drawing Procedures
11.01 liner Layout

11.01a  Submitted Asbuilt Drawings should always be on blank outlines supplied by GSE's
Drafting Depariment. {Phone 281-230-2518 Don Sharkey). When outlines are not
available plain paper may be used, but only after permission from GSE's Drafting
Department.

11.01b  Accuracy to the way seams fit or join.

11.01c  Using different colors makes information easier to see. Drawings may be done in
ink or pencil, but writing must be reat.

11.01d Do not write so small that it is hard to read,
11.07e Suggested scale is 1" = 40' {Other scales may be used if required).
11.02 Anchor Trenches

11.02a  The amount of liner actually in the trench should be noted on the drawing. If amount
differs, show all differences and approximate locations.

11.02b  If anchor french is larger than shown on GSE's construction drawings then a writ-
ten approval should be obtained from the Owner/Agent representative, This should
be included in the as-built package.

11.03 Panel & Roll Numbers

11.03a  Each panel will be assigned a number as detailed below. When there is only one
layer panels may be designate with a number only, ie.... 1, 2, 3, 4 efc.

11.03b  When two or more layers are required use a letfer and number, ie....

Secondary liner  S1, 52, S3, 54 efc...
Primary Liner P1, P2, P3, P4 elc...
Tertiary Liner T1, T2, T3, T4 etc...

11.03¢  This numbering system should be used whenever possible. Agreement to a panel
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numbering system should be made ot the pre-construction meeting if possible,
However, it is essential that GSE's system ond the Owner's Representative/Third
Party QA agree. Do not use different systems.

Panel numbers shall be wrilten in large block letters in the center of each deployed
panel. The roll number, date of deployment and gross length should be noted
below the panel number. All notations should be made so that they are easily vis-
ible from @ distance. On long panels it is beneficial to write information at both
ends.

Panel Numbers shall be logged on the Daily Report Forms along with the roll num-
ber and gross length.

Whenever possible, roll numbers should be placed next to panel numbers cn the
field copies of the as-built drawing.

11.04 Seam lengths

11.04a

11.04b

11.04¢
11.05 Tests

11.05a

11.05b

Every seam length that is not @ cross-seam must be nofed. This includes rectangles,
squares, pies and any other shape (See Fig. A).

GSE assumes that all regular cross-seams are either 22’ or 34 wide, unless they
are not full width panels they do not have to be noted on the drawing. Panel widths
are measured perpendicularly across the panels.

All dimensions should be called out in tenths of a foot.

All test markings should conform to the "Legend” on the blank outline.

It can be assumed that all seam junctions will have a patch, therefore, it is only nec-
essary fo note if they don't.

11.06 Seam Numbers

11.06a

11.06b

Since the seam number is drawn from the adjoining panels [Le. 1/2, 10/11 etc.)
there is no need to call out seam numbers on the drawings.

Each seam must be logged in the Daily Report.

it
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Introduction

220 -3
{One dimenslon required)

102' - 10

178'~3"
\ {Two dimenslons required) The mmmsm{ﬂ7 237N

180'- 3364
B 20315
(Twa dimensions required)
198"- 9 /4"
or- 6314’
{Thiss dimendions
reguired)
20)- 6

Tmegular bnloss?27777 (Twa dmensions required)

- T
\ —Measured longi is

102 -7 28"

Typieal Panel Measurements
‘*‘::%“:ﬁ‘gu o =caln

Fig A
11.07 Miscellaneous

11.07a  QA's name should be on all drawings and paperwork.

11.07b  Any questions arising in the field about reporting issues may be handled by calling
Don Sharkey ot 8004352008, ext 2518 or 281-230-2518.

12.0 Formulas

12.01 Here are some procedures using trig formulas to enable you to deal with slope corrections con-
cerning seam lengths on as-built drawings in order to do these calculations you will need a cal
culator that performs rigonomic functions.

c
A
B

A = Rise

B = Base

C = Slope
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12.02 Useful Formulas

12.02a
12.02b
12.02¢
12.02d

rise divided by base = Tangent of the angle
base divided by cosign of the angle = slope
slope multiplied by cosign of the angle = base

rise divided by Tangent of the angle = base

12.03 Slope factors

12.03a

12.03b

Slope factors can be used as a quick method of caleulating seam lengths in o flat
plan, such as an asbuilt drawing. Most of the time when field drawings do not fit
the outline provided by the Drafting Department it is because actual seam lengths
were used instead of lengths caleulated with a slope factor. Once you determine
the slope factor {a percentage of the actual length) it will probably make field draw-
ings fit the oullines better. As usual, there are always exceptions fo this theory.

To determine a slope factor simply divide the base length by the slope length. Lets
use a 3:1 slope as an example. With a base of 100" and a rise of 33.34" the angle
of the slope becomes 18.435 degrees. 100" divided by the cosign of 18.435
degrees equals 105.41". Thus, if you divide 100" by 105.41* you get « slope fac-
for of .9487 or rounded to the nearest one hundredth 0.95.

Now, if you multiply your slope lengths by .25 you will get the actval plan view or
paper view length of a seam.

12.04 Typical Slope factors

Introduction

Slope Slope Factor Degrees
2to1 0.895 26.565
Jto 0.949 18.435
4101 0.970 14,036
5 tol 0.981 11.310
2501 0.928 21.802
13
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Quality Assurance Forms

GSE Panel Placement Log

Project Name: Site Manager:
Location: Material:
Job Number: Sheet Thickness:
Q.A. Technician: Smooth: Textured:
Panel Rol! Deplayment Width Length Square Feet Square Fest
Number Number Date {Fest) {Feet) Smoaoth Textured
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Quality Assvrance Forms

GSE Seam Log

Project Name: Site Manager:
Location: Material:
Job Number: Sheet Thickness:
Q.A. Techncian: Smooth: ~ Textured:
Seam Time of Date of Type of Length of Machine Technician
Number Weild Weld Weld Seam Number ID Number
15
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Quality Assorance Forms
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Site Manager:

GSE Non-Destuctive Test / Repair Log

Project Name:

Sheet Thickness

Material

Location:
Job Number:;

Q.A. Technician:

Quality Assvrance Forms

Repair Locations

Test Result
(P or F)

Air Pressure Test
psi start | psi finish

(AorV)

Technician | Test Type

ID Number

Test
Date

Seam
Number
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Quality Assurance Forms

GSE Trial Weld Log

Project Name: Site Manager:

Lecation: Matertal:

Jab Number: Sheet Thickness:

Q.A. Technician: Smooth: Textured:
Triat [ Date of | Time of | Technicians | Machine | Ambient | Wedge | Speed | Peel | Peel | Peel | Peel | Shear| Shear| Shear| Shear] FTB | Pass
No. Trial Trial {D Number | Number [ Temp. Mass Preheat | ppi ppi ppi ppi ppi ppi ppi ppt | Y/N| Fail

-
18
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Subgrade Surface Acceptance

Project: Site Manager:
Project #:
Location: Partial:

Date:

Final:

This document only applies to the acceptabifity of surface conditions for instaliation of geasynthetic products. GSE does not accepf responsibility
for compaction, efevation or moisture content, nor for the surface maintenance during deployment. Structural integrity of the subgrade and
maintenance of these conditions are the responsibilily of the owner or earthwork contrator.

For GSE Lining Technology, Inc.:

Acceptance Number: Area Accepted:

For Owner / Contractor:

sf.

Total Area Accepted to date:

s.f.

Sui104 SDINSSY ALlong
|b‘nunw a:unmssv Ay

1PN UOID[DISU| SAUDIGWAMOAE)

01S Jo 907 33ed
v LIGIHXA
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Quality Assurance Forms

Spark Test Log

Site Manager:

Location: Material:
Job Number: Sheet Thickness;
Q.A. Technician:

Seam or Time of Date of Technician . .

Location of Repairs
Panal No. Tast Test ID Number
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Quality Assvrance Forms

GSE Lining Technelogy, Inc. Job No.:
19103 Gundle Road Project:
Houston, Texas 77073-3598 Client:
800-435-2008 Bill To:

281-443-3564
281-875-6010 Fax

Job Description:
% Compiete of Total Job:

Certificate of Acceptance

Material Estimated Square feet Final Quantity/Description

I, the undersigned, duly representative of:
Do hereby take over and accept the work described above from the date hereof and confirm to the best of
my knowledge the work has been completed in accordance with the specifications and the terms and
conditions of the contract.

Name Signature Title Date

Certificate accepted by GSE Lining Technology, Inc Representative.

Name Signature Title Date
21
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Quality Assurance Forms
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Standard Test Method - GRI Standard GI.?

GRI Standard GM 13*

STANDARD SPECIFICATION FOR TEST PROPERTIES, TESTING FREQUENCY AND RECOMMENDED
WARRANTY FOR HIGH DENSITY POLYETHYLENE (HDPE) SMOOTH AND TEXTURED GEOMEMBRANES

This specification was developed by the Geosynihetic Research Institute {GRI), with the cooperation of the member organ-
izations for general use by the public. It is completely opfional in this regard and can be superseded by other existing
or new specifications on the subject matter in whole or in part. Neither GR, the Geosynthetic Institute, nor any of ifs relat-
ed institutes, warrant or indemnifies any materials produced according to this specification either at this time or in the
future.

1.0 Scope

1.1 This specification covers high density polyethylene {HDPE) geomembranes with a formulated sheet
density of 0.940 g/ml, or higher, in the thickness range of 0.75 mm (30 mils) to 3.0 mm {120
mils}. Both smooth and fextured geomembrane surfaces are included.

1.2 This specification sets forth a set of minimum, physical, mechanical and chemical properties that
must be met, or exceeded by the geomembrane being manufactured. In a few cases a range is
specified.

1.3 In the context of quality systems and management, this specification represents manufacturing
quality control (MQC]).

Note 1: Manufacluring quality confrol represents those actions taken by a manufacturer to ensure
that the product represents the stated objective and properties set forth in this specification.

1.4 This standard specification is intended to ensure good quality and performance of HDPE geomem-
branes in general applications, but is possibly not adequate for the complete specification in a
specific situation. Additional tests, or more restrictive values for test indicated, may be necessary
under conditions of a particular application.

1.5 This specification also presents a recommended warrant which is focused on the geomembrane
material itself.

1.6 The recommended warrant attached 1o this specification does not cover installation considerations
which is independent of the manufacturing of the geomembrane.

Note 2: For information on installation techniques, users of this standard are referred to the
geosynthetics literature, which is abundant on the subject.

*This GRI standard is developed by the Geosynthefic Research Instifute through consultation and review by the member
organizations. This specification will be reviewed at least every 2-years, or on an as-required basis. In this regard it is
subject to change at any time. The most recent revision date is the effective version.
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Standard Test Method - GRI Standard GM13

2. Referenced Documents
2.1 ASTM Standards:

D 638  Test Method for Tensile Properties of Plastics

D792  Specific Gravily [Relative Density} and Density of Plastics by Displacement
D 1004 Test Method for Initial Tear Resistance of Plastics Film and Sheetfing

D 1238 Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer

D 1505 Test Method for Densify of Plastics by the Density-Gradient Technique

D 1603 Test Method for Carbon Black in Olefm Plastics

D 3895 Test Method for Oxidative Induction Time of Polyolefms by Thermal Analysis

D 4218 Test Method for Determination of Carbon Black Content in Polyethylene Compounds
by the Muffle-Furnace Technique

D 4833 Test Method for Index Punciure Resistance of Geotextiles, Geomembranes and
Related Products

D5199  Test Method for Measuring Nominal Thickness of Geotextiles and Geomembranes

D 5397 Procedure fo Perform a Single Point Notched Constant Tensile Load -[SPNCTL) Test:
Appendix

D 5596 Test Method for Microscopic Evaluation of the Dispersion of Carbon Black in
Polyolefm Geosynthetics

D 5721 Practice for AirOven Aging of Polyolefin Geomembranes

D 5885 Test method for Oxidative Induction Time of Polyolefm Geosynthetics by High
Pressure Differential Scanning Calorimetry

D 5994 Test Method for Measuring the Core Thickness of Textured Geomembranes

2.2 GRI Standards:

GM10  Specification for the Stress Crack Resistance of Geomembrane Sheet

GM 11 Accelerafed Weathering of Geomembranes using a Fluorescent UVA-Condensation
Exposure Device

GM 12 Measurement of the Asperity Height offextured Geomembranes Using a Depth

Gage
2.3 U. S. Environmental Protection Agency Technical Guidance Document "Quality Conirol Assurance
and Quality Control for Waste Containment Facilifies,” EPA/600/R-93/182, Seplember 1993,

305 pygs.

3.0 Definitions

Manufacturing Qudlity Confrol [MQC) - A planned system of inspections that is used to directly monitor and control
the manufacture of a material which is factory originated. MQC is normally performed by the manufacturer of geosyn-
thetic materials and is necessary to ensure minimum {or maximum} specified values in the manufactured product. MQC
refers to measures taken by the manufacturer to determine compliance with the requirements for materials and work-
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Standord Test Method - GRI Standard GMT3

manship as stated in certification documents and confract specifications. ret. EPA/600/R-93/182

Manufacturing Quality Assurance [MQA) - A planned system of activities that provides assurance that the materials
were constructed as specified in the certification documents and contract specifications. MQA includes manufacturing
facility inspections, verifications, audits and evaluation of the raw materials {resins and additives) and geosynthetic prod-
ucts fo assess the quality of the manufactured materials. MQA refers to measures taken by the MQA organization to
determine if the manufacturer is in compliance with the product certification and contract specifications for the project.

ref. EPA/600,/R-93/182

Formulation, n — The mixture of a unique combination of ingredients identified by type, properties and quantity. For
HDPE polyethylene geomembranes, a formulation is defined as the exact percentages and types ofresins}, additives and
carbon black.

4.0 Material Classification and Formulation

4.1 This specification covers high density polyethylene geomembranes with a formulated sheet densi-
ty of 0.940 g/ml, or higher. Density can be measured by ASTM D1505 or ASTM D792. If the
latter. Method B is recommended.

4.2 The polyethylene resin from which the geomembrane is made will generally be in the density
range of 0.932 g/ml or higher, and have a melt index value per ASTM D1238 of less than 1.0
g/10 min.

4.3  The resin shall be virgin material with no more than 10% rework, If rework is used, it must be o
similar HDPE as the parent material.

4.4 No post consumer resin [PCR) of any type shall be added to the formulation.

5.0  Physical, Mechanical and Chemical Property Requirements

5.1 The geomembrane shall conform to the test property requirements prescribed in Tables 1 and 2.
Table 1 is for smooth HOPE geomembranes and Table 2 is for single and double sided textured
HDPE geomembranes. Each of the tables are given in English and Sl [metric} units. The conver-
sion from Englisk to SI {metric) is soft,

Note 3: There are several tests often included in other HDPE specifications which are omitted from
this standard because they are outdated, irrelevant or generate information that is not necessary
to evaluate on a routine MQC basis. The following tests have been purposely omitted:

* Volatile Loss » Water Absarption

* Dimensional Stability * Ozone Resistance

* Coeff. of Linear Expansion * Modulus of Elasticity

* Resistance fo Soil Buridl * Hydrostatic Resistance

* Low Temperature Impact ® Tensile Impact

* ESCR Test (D 1693} » Field Seam Strength

* Wide Width Tensile * Multi-Axial Burst

¢ Water Vapor Transmission * Various Toxicity Tests
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Standard Test Method - GRI Standard GMI13

Note 4: There are several fests which are included in this standard {that are not customarily
required in other HDPE specifications) because they are relevant and important in the context of
current manufacturing processes. The following tests have been purposely added:

* Oxidative Induction Time

¢ Oven Aging

* Ultraviolet Resistance

* Asperity Height offextured Sheet

Note 5: There are other tests in this standard, focused on o particular property, which are updat-
ed fo current standards. The following are in this category:

® Thickness of Texiured Shest

* Puncture Resistance

e Siress Crack Resistance

* Carbon Biack Dispersion {In the viewing and subsequent quantitative interpreta-
tion of ASTM D 5596 only near spherical agglomerates shall be included in the
assessment).

Note 6: There are several GRI tests currently included in this standard, Since these fopics are not
covered in ASTM standards, this is necessary. They are the following:

* UV Fluorescent Light Exposure
* Asperity Height Measurement

5.2 The volues listed in the tables of this specification are to be interpreted according to the desig-
nated test method. In this respect they are neither minimum average roll values {MARY) nor max-
imum average roll values {MaxARV}.

5.3  The properties of the HDPE geomembrane shall be tested at the minimum frequencies shown in
Tables 1 and 2. If the specific manufacturer's quality control guide is more siringent and is certi-
fied accordingly, it must be followed in like manner.

Note 7: This specification is focused on manufacturing quality control [MGC). Conformance test-
ing and manufaciuring quality assurance {MQA)] testing are af the discretion of the purchaser
and/or quality assurance engineer, respectively.

6. Workmanship and Appearance

6.1 Smooth geemembrane shall have good appearance qualities. It shall be free from such defecis
that would affect the specified properties of the geomembrane.

6.2 Textured geomembrane shall generally have uniform texturing appearance. It shall be free from
agglomerated fexturing material and such defects that would affect the specified properties of the
geomembrane.
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Standard Test Method - GRI Standard GM13

6.3  General manufacturing procedures shall be performed in accordance with the manufacturer's
infernal quality control guide and/or documents.

7. MQC Sampling

7.1 Sampling shall be in accordance with the specific test methods listed in Tables 1 and 2. If no sam-
pling protocol is stipulated in the particular test method, then test specimens shall be taken even-
ly spaced across the entfire roll width.

7.2 The number of tests shall be in accordance with the appropriate test methods listed in Tables 1
and 2,

7.3 The average of the test results should be caleulated per the particular standard cited and com-
pared to the minimum value listed in these tables, hence the values listed are the minimum aver-
age values and are designated as "min. ave."

8. MQC Retest and Rejection

8.1 If the results of any test do not conform to the requirements of this specification, retesting to defer-
mine conformance or rejection should be done in accordance with the manufacturing protocol as
set forth in the manufacturer's quality manual.

9. Packaging and Marketing

2.1 The geomembrane shall be rolled onto a substantial core or core segments and held firm by ded-
icated straps/slings, or other suitable means. The rolls must be adequate for safe transportation
to the point of delivery, unless otherwise specified in the contract or order.

10. Certification

10.1  Upon request of the purchaser in the contract or order, a manufacturer's certification that the mate-
rial was manufactured and tested in accordance with this specificatfion, together with a report of
the test resulls, shall be furnished af the time of shipment,

11. Warranty

11.1 Upon request of the purchaser in the confract or order, @ manufacturer's warrant of
the quality of the matericl shall be furnished ot the completion of the ferms of the
coniract.

11.2 A recommended warranty for smooth and fextured HDPE geomembranes manu-

factured and fested in accordance with this specification is given in Appendix A.

11.3 The warranty in Appendix A is for the geomembrane itself. It does not cover sub-
grade preparation, installation, seaming, or backfilling. These are separate opera-
tions that are often beyond the control, or sphere of influence, of the geomembrane
manufacturer.

Note 8: If a warrant is required for installation, it is to be developed between the
installation contractor and the party requesting such a document.

2 GEOMEM IQA RO3/16/06

ded

This Information is provided for reference purposes only and is nof i as a warraaly or g . GSE assumes no fiabilily in conneclion with the use of fhis information. Please check with
GSE for current, lard mini quality procedures and specifications.

GSE and other tradermarks in this documant are registered trademarks of GSE Linlng Technology, Ine. in the United States and ¢orlain foreign counties.



EXHIBIT 4
Page 215 of 510

Geomembranes Installation Quality Assurance Manual

Standard Test Method - GRI Standard GM13

APPENDIX “A"

TYPICAL HDPE GEOMEMBRANE WARRANTY

28 GEOMEM IQA RO3/18/06
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Table 1(a) — High Density Polyethylene (HDPE) Geomembrane -Smooth

GLISH UNITS

Propertics Test Test Value Testing Frequency
Method 30 mils 40 mils 56 mils 60 mils 80 mils 100 mils | 120 mils (minimum)
Thickness (min. ave.) D35199 nom. Nom. Nom. Norm, Nom. Nom, Nom. Per rol}
» _lowest individual of 10 values ~10% ~10% -10% -10% -10% -10% -10%
Density mg/1 (min,) D 1505/D 752 | 0.940 gfeo | 0.940 glec | 0.940 g/oe | 0.940 gfec | 0.940 gloc | 0.940 pfec | 0.940 glee 200,00 Ib
Tensile Properties (1} (min. ave.} D 46693 20,000 Ib
+  yield strength Type IV 63 1b/in, 84 Ibfin. H351b/in. | 126 Ib/in, | 168 Ib/in, | 210 Ibfin. | 252 Ibfin,
*  break strength 114 Ibfin. 1521b/An. | 1901bfin. | 228 Ibfin. | 304 Ib/in. | 380 Ib/in. | 456 Ib/in.
*  yleld elongation 12% 12% 12% 12% 12% 12% 12%
+_ break elongation T00% 700% 700% T00% T00% 700% 700%
Tear Resistance (min. ave.) D 1004 211b 281b 35 421b 561b 70 84 1h 45,000 I
Puncture Resistance (min. ave.) D 4833 541b 721b 90 1b 108 1b 144 1b 18016 2i61b 45,0001
Stress Crack Resistance (2) D5397 300 hr. 300 hr. 300 hr. 300 br. 300 hr. 300 hr. 300 hr. per GRI-GM10
(App.)
Carbon Black Content (range) D 1603 (3) 20-3.0% 2.0-30% 3 2.0-30% | 20-30% | 20-30% [ 20-30% | 20-30% 2000016
Carbon Black Dispersion D 5596 note (4) note (4) note (4) note (4) note (4) note (4) note (4) 45,000 Iy
Oxidative Induction Time (OIT) (min. ave.) (3} 200,000 b
(@) Standard OIT D 3895 100 min. 100 min. 100 min. | 100min. | 100 min. | 160 min. § 100 min.
— or—
(8) High Pressure OIT D 5885 400 min. 400 min. 400 min. | 400min. } 400min. | 400 min. | 400 min.
Oven Aging st 85°C (3), (6) D 5721
(2) Standard OIT {min. ave.) - % retained after 90 days D 3895 55% 55% 55% 55% 55% 55% 55% per each
e OF e formulation
{b) High Pressure OIT {min, ave.) - % retained after 90 days D 3885 30% 36% 80% 0% 850% 80% 0%
UV Resistance (7} GM 11
{z) Standard OIT {min. ave.) D 3895 N.R. (8} N.R. (&) NR.(§ | NR.¢§ | NR.(8) NR. (8 NR.8) per each
—or— formulation
{b) High Pressure OIT {min. ave.) - % retained after 1600 hrs (9) D 5885 50% 50% 50% 50% 50% 50% 50%

(1) Machine direction (MDY} and cross machine direction (XMD) average values should be on the basis of 5 test specimens each direction.

Yield elongation is calculated using a gage length of 1.3 inches

Break elongation is calculated vsing a gage length of 2.0 in.

(2)  The yield stress used to calculate the applied load for the SP-NCTL test should be the mamufacturer’s mean value via MQC testing,

(3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable if an appropriate correlation to I 1603 (tmbe furnace) can be established.

(4)  Carbon black dispersion (only near spherical agglomerates) for 10 diffarent views:

9 in Categories I or 2and 1 in Category 3

(3) The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the geomembrane.
{5) Ttis also recorumended to evaluate samples at 30 and 60 days to compare with the 90 day response.
(7)  The condition of the test should be 20 hr. UV cycle at 75°C followed by 4 hr. condensation at 60°C.
(8) Notrecommended since the high temperature of the Std-OIT test produces an wnrealistic result for some of the antioxidants in the UV exposed samples,
(9) UV resistance is based on percent retained value regardless of the original HP~OIT value.
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Table 1(b) — High Density Polyethylene (HPDE) Geomembrane - Smooth

Properties Test Test Value Testing Frequeney
Method 0.75 mm 1.00mm | 125mm | 1.50mm | 2.00mm [ 2.50mm | 3.00mm (mini )
Thickness - mils (min. ave.} D3199 nom. {mil) | nom. (mil) | nom. (mil) | nom. (mil} | nom. {mil) | nom. (mil) | nom. {mil) per roll
= _lowest individual of 10 values -10% -10% -10% ~10% -10% -10% -10%
Density (min) D 1505/D 792 | 0940 g/ce | 0.940 gfoc | 0,940 gioce | 0,940 g/ce | 0.940 g/oc | 0,940 pice | 0.940 gfee 90,000 kg
Tensile Propertics (/) {min. ave.} D 6693 9,000 kg
«  yicld strength Type IV 11 kKN/m 15kN/m | 18kN/m | 22KkN/m | 20kN/m | 37kN/m | 44kN/m
«  break strength 20kN/m 27kN/m | 33kN/m | 40kN/m | 53kN/m | 67kN/m | 801N/m
+ yicld elongation 12% 12% 12% 12% 12% 12% 12%
»_break clongation 700% 700% 700% 700% T00% T00% T00%
Tear Resistance (min. ave.) D 1004 93N 125N 156 N 187N 248 N 311N 374N 20,000 ke
Puncture Resistance {min. ave.) 14833 240N 320N 400N 480 N 640 N 800N 960 N 20,000 kg
Stress Crack Resistance (2) D 5397 300 hr. 300 hr. 300 &r. 300 br. 300 hr. 300 hr. 300 hr. per GRI GM-10
{App.)
Catbon Black Content - % D 1603 (3) 2.0-3.0% 2.0-3.0% | 2.0-3.0% | 2.0-3.0% | 2.0-3.0% | 2.0-3.0% | 2.0-3.0% 9.000 ke
Carbon Black Dispersion D 5596 note (4) note (4) note (4) note (4) note (4) note {4) note (4) 20,000 kg
Oxidative Induction Time (OIT) {min. ave.) (3) 90,000 kg
{a) Standard OIT D 3895 100 min. 160 min. | 100 min. | 100min. | 100 min. | 100 min. | 100 min.
—or—
{b) High Pressure QIT D 5885 460 min, 400 min, | 400 min, | 400min, | 400 min, | 400 min, | 400 min,
Qven Aging at 85°C (5), (&) D 5721
(a) Standard OIT (min. ave.) - % retained after 90 days D 3895 55% 55% 55% 55% 55% 55% 55% per each
—or— formulation
(b) High Pressure OIT (min. ave.) - % retained after 90 days D 5885 80% 80% 30% 80% 80% 30% 80%
UV Resistance (7)
(a) Standard OIT (min. ave.) D 3895 NR@® | NR@ | NR@® | NR@® | NR@® | NR(® | NR @& per each
—or— formulation
(5) High Pressure OIT (min. ave.) - % retained after 1600 hrs (9) D 5885 50% 50% 50% 50% 50% 50% 50%

(1) Machine direction (MD) and ¢ross machine direstion (XMD) average values should be on the basis of 5 test specimens each direction

Yield elongation is caleulated using a gage length of 33 mm
Break clongation is calculated using a gage length of 50 mm
(2} The yield stress used to calculate the applied load for the SP-NCTL test should be the marufacturer’s mean value via MQC testing.
(3)  Gther methods such as D 4218 (muffle furnace) or microwave methods are acceptable if an appropriate correlation to D 1603 (tube furnace) can be established.
(4)  Carbon black dispersion (only near spherical agglomerates) for 10 different views:

9 in Categories 1 or 2 and 1 in Category 3

{5) The manufacturer has the option to sclect either one of the OIT methods listed to evaluate the antioxidant content in the geomembrane.
{6) Itis also recommended to evaluate samples at 3¢ and 60 days to compare with the 90 day response.
{7) The condition of the test should be 20 hr. UV cycle at 75°C followed by 4 hr. condensation at 60°C.
{8) Notrccommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the antioxidants in the UV exposed samples.
{8) UV resistance is based on percent retained value regardicss of the original HP-OIT value.
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Table 2(a) — High Density Polyethylene (HDPE) Geomembrane - Textured

Properties Test Test Value Testing
Method Freq
30 mils 40 mils 50 mils 60 mils 80 mils 100 mils 120 mils {minimum)
Thickness mils (min. ave.) D 5994 nem, (-5%) wom, (-5%} nom, (-5%) nom, (-5%) nom, (-5%) nom, (-5%) nom, {-5%) perroll
. lowest individual for § out of 10 values -10% -10% ~10% ~10% ~10% ~10% ~10%
. fowest individual for any of the 10 values -15% ~15% -15% -15% -15% -15% -15%
Asperity Height mils (min. ave.) (1) GM 12 10mil 10 mil 10 mil 10 il 10 mil 10 mil 10 mil every 2% roll (2)
Density (min. ave.) D 1505/D 792 |  0.940 gloc 0.940 g/so 0,940 gfeo 0,940 gloe. 0.940 g/ec 0.940 gice 0.940 glee 200,000 1b
Tensile Properties (min. ave.) (3} 1> 6693 20,000 1p
*  vield strength Type IV 63 Ib/in. 84 It/in. 105 Ib/in. 126 1b/in. 168 b/in. 210 Iv/in, 252 Ibfin.
*  break strength 45 [b/in. 60 Tv/in. 75 lb/in. 90 Ibfin. 120 Ib/in, 150 Iv/in. 180 [b/in.
*  vyield elongation 12% 12% 12% 12% 12% 12% 12%
* _break elongation 100% 100% 100% 100% 100% 100% 100%
Tear Resistance (mmin. ave,) D 1094 211 28 EERE) 421 561b Clb 241 45,000 [b
Puncture Resistance (min. ave.) D 4833 451y 601 Vel ) 90 b 1201b 1501b 180T 45.000Ib
Stress Crack Resistance (4) D 5397 300 hr, 300 br, 300 hr, 300 br, 300 hr, 300 hr. 300 hr, per GRI GM10
(App.)
Carbon Black Content (range) D 15%% [E] 2.0-3.0% 20-3.0% 20-3.0% 20-3.0% 2.0-3.0% 2,0-390% 20-3.0% 20,000 b
Carbon Black Dispersion D 5396 note (5) note (6) note (6) note (6) note (6) note (6 note (@) 45,000 [b
Qxidative Induction Time (OIT) (min, ave.) (7) 200,000 Ib
{a) Standard OIT D 3895 100 rain. 100 min. 100 min. 100 min. 100 min. 100 min. 100 min.
e T
(b) High Pressure OIT D 5885 400 min. 400 min, 400 min, 400 min. 400 min, 400 min, 400 min,
Oven Aging at 85°C (7), (8) D 35721
(a) Standard OIT (min. ave.) - % retained after 90 days D 3895 55% 55% 55% 55% 55% 55% 55% per each
—or— formulation
(b} High Pressure OIT (min. ave.) - % retained after 90 days D 5885 80% 80% 80% 80% 80% 80% 80%
UV Resistance (3) GMI1
(a) Standard OTT (min, ave.) D 3895 N.R, (/) NR, (10} NR. (/) NR, (10) NR. (10 N.R. (10) NR. (10) per each
—or— formulagion
(b) High Pressure OIT {min, ave.) - % retained after 1660 hrs (17} D 5885 50% 50% 50% 50% 30% 0% 0%

(1) Of 10 readings; § out of 10 must be = 7 mils, and lowest individual reading must be 2 5 mils
(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 spscimens sach direction,
Yield elongation is calcnlated using a gage length of 1.3 inches
Break elongation is calculated using a gage length of 2.0 inches
{4) P-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,
The yield stress used te caleulate the applied load for the $P-NCTL test should be the manufacturer’s mean value via MQC testing.
(5)  Other methods such as D 4218 (muffle furnace) or mi methods are ptable if an appropriate correlation to D 1603 (tube furnace) can be established.
(6) Carbon black dispersion {enly near spherical agg for 10 different views:
9 in Categories 1 or 2 and 1 in Category 3
(7} The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the geomembrane.
(8) Ttis also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response.
(9} The condition of the test should be 20 hr, UV cycle at 75°C followed by 4 br. condensation at 60°C.
(10) Not ded gince the high temp of the Std-OTT test produces an unrealistic result for some of the antoxidants in the UV exposed samples.
(11) UV resistance is based on percent retained value regardless of the original HP-OIT value.
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Table 2(b) — High Density Polyethylene (HDPE) Geomembrane - Textured

| sivETRIC UNITS) |

Properties Test Test Value Testing
Method Frequency
C.75 mm 1.00 mm 1.25 mm 1.50 mm 200 mm 2.50 mm 3.00mm {minimum)
Thickness mils (min, ave.) D 5994 nom. (-5%) nom. (-5%) nom. (-5%} nom, (-5%) nom. (-5%) pom, (-5%) nom. (5%) perroll
. lowest individual for § out of 10 values -10% -10% -10% -10% -10% -10% -10%
. lowest individual for any of the 10 values -15% -15% -15% -15% -15% -15% -15%
Asperity Height mils {min. ave.) (1} GM 12 0.25 mm 0,25 mum (.25 mm 0.25 mm 0.25 mm 0.25 mm 0.25 mm every 2% roll (2)
Density (min. ave.) D1505/D 792§ 0.940 glee 0.940 g/ec 0.940 gice 0.940 glec 0.940 gilee 0.940 g/ce 0.940 g/cc 90,000 kg
Tensile Properties (min. ave.) (3) D 6693 92,000 kg
*  yield strength Type IV 11 kN/m 15 kN/m 18 kN/m 22 KN/m 26 kN/m 37 kN/m 44 kN/m
*  break strength 8 kN/m 10 kN/m 13 KN/m 16 KN/m 21 kNfm 26 kN/m 32kN/m
+  yield clongation 12% 12% 12% 12% 12% 12% 12%
» break elongation 100% 100% 100% 100% 100% 100% 100%
Tear Resistance (min. ave.) D 1004 93N 125N 156 N 187N 29N 31N 374N 20,000 kg
Puncrure Resi (min, ave.) D 4833 200N 267N 333N 400N 534N 667N 800N 20,000 kg
Stress Crack Resistance (4) D 5397 300 hr. 300 hr. 300 hr. 300 &, 300 hr. 300 b, 300 br. per GRIGM10
(App.)
Carbon Black Content {range) D 1603 (3) 20-3.0% 2.0-3.0% 20-3.0% 20-3.0% 20-3.0% 20-3.0% 20-3.0% 9.000kg
Carbor Black Dispersion D 5596 note (6} note (5) note (5) note {5) niote [6) note (6 note 16) 20,000 kg
Oxidative Induction Time (OIT) (min. ave.) (7} 90,000 kg
(2) Standard OIT D 3895 100 min. 100 min, 160 min, 100 min, 160 min, 100 min, 100 min.
—or—
(b} High Pressure OIT D 5885 400 min, 400 nmin, 400 min, 400 min, 400 min, 400 min, 400 min.
Oven Aging at 85°C (7), (§) D571
{a) Standard OIT (min. ave.) - % retained after 90 days D 3895 55% 55% 35% 55% 55% 55% 55% per each
—or— formulation
(b) High Pressure OIT (min. ave.) - % retained after 90 days D 5885 0% B30% 80% 80% 80% B0% B0%
UV Resistance (9) GMI1
(2) Standard OIT (min. ave.) 3895 NR.(19) N.R. (10) NR.(Io) NR. 40 NR. (10 N.R.(19) NR. (10 per each
—0r — formulation
(b) High Pressure OIT (min. ave.) - % retained after 1600 hes (71) D 5885 50% 50% 50% 50% 50% 50% 50%
¢1}  Of 10 readings; 8 out of 10 must be 2 0,18 mm, and lowest individual reading must be 20,13 mm
¢2} Alternate the measurement side for double sided textured shect

€

Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens sach direction,
Yield elongation is caleulated using a gage length of 33 mm
Break elongation is calculated using a gage length of 50 mm

(4}  The SP-NCTL test is not appropriate for testing geomembranes with textured or iregular 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,
The yield stress used to calculate the applied load for the SP-NCTL test should be the manufacturer’s mean value via MQC testing.
(5} Other methods such as D 4218 (muffle farnace) or mi methods are le if an appropriate correlation to D 1603 (wbe furnace) can be established.
(6}  Carbon black dispersion (only near spherical agglomerates) for 10 different views:
9 in Categories 1 or 2 and 1 in Category 3
(7} The manufacturer has the option to select sither one of the OIT methods listed to evaluate the antioxidant content in the t
{8  Itisalso recommended to cvaluate samples at 30 and 60 days to compare with the 90 day response,
{9}  The condition of the test should be 20 hr, UV cycle at 75°C followed by 4 br. condensation at §0°C.,
(I0) Not ded since the high temp of the 8td-OIT test produces an unrealistic result for some of the antioxidants in the UV exposed samples.

¢11) UV resistance is based on percent retained value regardless of the original HP-OIT value,
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ADOPTION AND REVISION SCHEDULE FOR HDPE SPECIFICATION PER GRI-GM13

“Test Properties, Testing Frequency and Recommended Warrant for High Density Polyethylene (HDPE) Smooth and
Textured Geomembranes”

Adopted: June 17, 1997

Revision 1: November 20, 1998; changed CB dispersion from allowing 2 views to be in Category 3 to requir-
ing all 10 views to be in Category 1 or 2. Also reduced UV percent retained from 60% to 50%.

Revision 2: April 29, 1999: added to Note 5 after the listing of Carbon Black Dispersion the following: “{in
the viewing and subsequent quantitative Interpretation of ASTM D5596 only near spherical agglom-
erates shall be included in the assessment]” and te Note {4} in the properly tables.

Revision 3: June 28, 2000: added a new Section 5.2 that the numeric table values are neither MARY or
MaxARV. They are to be interpreted per the the designated test method.

Revision 4: December 13, 2000: added one Category 3 is allowed for carbon black dispersion. Also, unified
terminology to “strength” and “elongation”.

Revision 5: May 15, 2003: Increased minimum acceplable stress crack resistance fime from 200 hrs fo 300
hrs.

Revision 6; June 23, 2003; Adopted ASTM D 6493, in place of ASTM D 638, for tensile strength testing.

Also, added Note 2.
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Standard Test Method - GRI Standard GM14

GRI Standard GM14

SELECTING VARIABLE INTERVALS FOR TAKING GEOMEMBRANE DESTRUCTIVE SEAM SAMPLES
1. Scope

1.1 This guide is focused on selecting the spacing interval for taking destructive seam samples of field
deployed geomembranes as a particular job progresses based on an installers ongoing record of
pass - of - fail festing.

Note 1 - While subjective at this time, the guide is most applicable to large geomembrane seam-
ing projecls, which require more than 100 destructive seam samples based upon the typical sam-
pling strategy of 1 destructive sample per 150 m {500 &).

1.2 This guide is essentially applicable to production seams. Caution should be exercised in using the
guide for projects that involve complex geometries, mulfiple penetrations, or extreme weather con-
ditions.

1.3 The primary target audiences for this guide are construction quality assurance {CQA) organiza-
tions, construction quality control {CQC) organizations, facility owner/operators and agency reg-
ulators having permitting authority.

1.4 The outcome of using the guide rewards good seaming performance resulting from a record of
passing destructive seam tests. It also penalizes poor seaming performance resulting from a record
of excessively failing seam tests,

1.5 This guide does not address the actual seam testing procedures that are used for acceptance or
failure of the geomembrane seam fest specimens themselves. Depending on the type of geomem-
brane being deployed one should use ASTM D4437, D3083, D751 and D413 for festing details
in this regard. The projectspecific CQA plan should define the particular criteria used in accept-
ance or failure.

1.6 An appendix is offered using control charts, which is infended fo be of assistance to geomem-
brane installers, i.e., construction quality control {CQC) organizations, fo identify salient aspects
of good and poor seaming performance.

2, Referenced Documents
2.1 ASTM Standards:
D4437  Practice for Delermining the Integrity of Field Seams Used in Joining Flexible
Polymeric Sheet Geomembranes

D3083  Specification for Flexible Poly (Vinyl Chloride] Plastic Sheefing for Pond, Candl,
and Reservoir Lining

D751  Method of Testing Coated Fabrics
D413 Test Methods for Rubber Property - Adhesion to Flexible Substrate

54 GEOMEM I1QA RO3/16/08

This information is provided for reference purposes only and is not intended as o y af g GSE assymes no ligbility in connection with the use of this information. Please check with
GSE for current, siendard mini quatity procedures and specitications.

GSE and other in this 1 are trademarks of GSE Lining Techrolagy, Ine. In the United States and cartain forelgn cousntries,



3.

EXHIBIT 4
Page 222 of 510

Geomembranes Installation Quality Assurance Manual

Standard Test Method - GRI Standard GM14

2.2 Other Standards:
ANSI/ASQC Z1.4 {1993]

Sampling Procedures and Tables for Inspection by Atiributes

Summary of Guide

3.1 Use of this guide requires the establishment of an anticipated geomembrane seam failure per-
centage {ranging from 1 to 8%} and an initial, or startup, sampling interval.

Note 2 - The value of anticipated failure percentage is an important consideration. i dictates each
decision as to a possible increase or decrease in interval spacing from the preceding value. The
percentage itself comes from historical data of the construetion quality assurance [CQA) organi-
zalion or regulatory agency. It is related to o number of factors including criticality of insicliation,
type of geomembrane, type of seaming methed and local ambient conditions.

The actual value is admittedly subjective and should be made known in advance to the geomem-
brane installer before bidding the project. Use of an unredlistically low value of anticipated fail-
ure percentage, e.g., < 1.0%, will likely result in field difficulties insofar as decreased sampling
intervals are concerned. Conversely, use of an unredlistically high value of anticipated fallure per-
centage, e.g., > 8.0%, will likely result in very large sampling intervals and quite possibly sacri-
fice the overall qudlity of the seaming effort.

3.2 The guide then gives the procedure for establishing the initicl number of samples needed for a
possible madification to the startup sampling interval. This is called the initial baich. Based upon
the number of failed samples in the initial baich, the spacing is increased {for good seaming], kept
the same, or decreased {for poor seaming).

3.3 A second batch size is then determined and the process is continued. Depending on the project

size, i.e., the total length of seaming, a number of decision cycles can cccur until the project is
finished.

3.4 It is seen that the number of samples required for the enfire project is either fewer than the start-
up frequency [for good seaming); the same as the starkup frequency [for maiching the inifial anfic-
ipated failure percentage); or more than the startup frequency (for poor seaming).

Significance and Use

4.1 Construction quality assurance {CQA) and construction quality control [CQC) organizations, as
well as owner/operators and agency regulators can use this guide to vary the sampling interval
of geomembrane seam samples (i.e., the taking of field samples for destructive shear and peel
testing} from an initial, or startup, interval. This initial interval is ofien 1 destructive seam sample
in every 150 m {500 fi} of seam length.

4.2 The guide leads to increasing the sampling interval for good seaming practice (hence fewer
destructive samples) and to decreasing the sampling interval for poor seaming practice |hence
additional destructive samples}.

4.3 Use of the guide should provide an incentive for geomembrane installers to upgrade the quality
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and performance of their field seaming activities. In so doing, the cutting of fewer destructive sam-
ples will lead fo overall better quality of the entire liner project, since the patching of previously
taken destructive samples is Invariably of poorer quality than the original seam itself,

Note 3 - It is generally accepted that field patching of areas where destructive samples had been
taken using extrusion fillet seaming is less desirable than the original seam, which was made by
hot wedge welding.

4.4 Control charts are illustrafed in Appendix A, which can be used by geomembrane installers and
their construction quality control [CQC) personnel for improvement in overall job quality and iden-
tification of poorly performing seaming personnel and/or equipment.

5. Suggested Methodology

Using the concepts embodied in the method of attributes, the following procedure is based on adjustments 1o sequential
sampling.

5.1 Typical Field Situation - In order o begin the process, o projectspecific total seam length must be
obtained from the installers panel {roll} layout plan. Also, an initial, or startup, sampling interval
must be decided upon. From this information the fotal number of samples that are required based
on the starkup sampling interval can be oblained.

Example 1 - A given project has 54,000 m (180,000 fi) of field seaming. The starkup sampling
frequency is 1 sample per 150 m {500 f}. Therefore, the total number of samples required if the
startup interval is kept constant will be:

54,000
————— =360 Samples
150
52 Determination of Initial Baich Size - Using the table shown below, the initial batch size from which

to possibly modify the starkup sampling interval is obtained.
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TABLE 1. BATCH SIZE DETERMINATION, AFTER ANSI/ASQC Z1.4 [1993]

No. Of Required Samples Based No. Of samples Needed (Batch
on Initial Size)
Or Modified Sampling Interval To Determ-me Subsequent
Sampling Inferval
2-8 2
9-15 3
16-25 5
26-50 8
51-90 13
91-150 20
~151-280 32
281-500 50
501-1200 80
1201-3200 125

Example 1 (cont.} - For 360 samples, a baich size of 50 is necessary. As production seaming pro-
gresses, these 50 samples are tested {either as they are taken or in @ baich) and the number of
failures is determined.

53 Verification of StartUp Sampling Interval - A sampling table is now used which separates the num-
ber of failures within this initial batch size info three categories: a relatively low number of fail-
ures (where the sampling interval can be increased), the anticipated number of failures [where the
sampling interval is maintained), or a relafively high number of failures [where the sampling inter-
val should be decreased). Table 2 provides this information that is based upon the operafion char-
acteristic {OC] curves of Appendix B.

Example 1 {cont.) - Assuming an anticipated failure percentage of 2% {recall Note - 2}, Table 2
results in the three categories shown below:

* O or 1 failure out of 50; the sampling interval can be increased
* 2 or 3 faflures out of 50; the sampling frequency should remain ot 1 sample per 150 m {500 fi
* 4 or more failures out of 50; the sampling interval should be decreased
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TABLE 2. SAMPLING TABLE CONTAINING mhl;lzgﬂiiﬂ OF FAILED SAMPLES TO BE USED FOR

Sampling Interval Modification, see Appendix B for details

No. Of Required No. Of Samples Needed | Anticipated Failure Percentage*
Samples
Based on Initial or (Batch Size) to 1% 2% 3% 4%
Modified Determine
Sampling Interval Subsequent Sampling I1|IDy1|D|T|{D|I]|D
Interval
2-8 2 cj1jojrjof{rjo]i1
9-15 3 011 j0}j110{2[(0]2
16-25 5 0j1j0fj1j0f210]2
26-50 8 0Oj1joj1fofj2j0]2
51-90 13 0)J1j]0f2|0f{2}0]3
91-150 20 0121031 [3}11]4
151-280 32 01211413 |11412]5
281-500 50 013j1j4[2]513]6
504-1200 80 1 1412161317159
1201-3200 125 2i{5{41715191 7111
No. Of Required No. Of Samples Needed Anticipated Failure Percentage*
Samples
Based on Initial or (Batch Size) to 5% 6% 7% 8%
Modified Determine
Sampling Interval Subsequent Sampling II1D|TIT{D|I|DiI1|D
Interval
2-8 2 0l1foj1jo0]210]2
9-15 3 012011 ]0]210]2
16-25 5 0l12]10jJ1f{of3]0([3
26-50 8 01301 ]1]3311]4
51-90 13 11411 ]2[1]4i1]5
91-150 20 1151213251216
151-28G 32 2161313131 71417
281-500 50 4171414151 9%9]6]10
504-1200 80 6 (107 |6 8]|12]9 114
1201-3200 125 9113|107 [12[17113]19

No: *To be selected by CQA, owner or regulatory arganizafions
| = Increase the sampling interval if the number of faifed samples found in the batch does not exceed the tabulated value,
D = Decrease the sampling interval if the number of failed samples found in the baich equals or exceeds the tabulated value.

5.4 Modification of StartUp Sampling Interval - Depending upon the outcome of the previous section,
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the starkup sampling interval may be modified fo a new value which will then require a new batch
size 1o verify the modification. The process is then continued until the project is finished. Two exam-
ples will be provided using the above sampling fables both with anticipated failure percentages
of 2.0%: Example 2 illusirates good seaming, and Example 3 iflustrates poor seaming.

Example 2 - Using the same project seam length and startup sampling frequency as in the previ-
ous example assume that the startup batch of 50 samples in the previous example had 2-failures.
The decision is then to continue at a 1 destructive sample in 150 m (500 ft} sampling interval.
Thus the second baich size from Table 1 is again 50 samples, see Table 3. Table 3(a} is in S.I.
units and Table 3{b) is in English units. Now assume in the second batch there are no failures. This
allows the sampling interval 1o be increased, e.g., to 1 sample in 180 m (600 £). From Table 1,
the third batch size is then decreased to 32 samples. The process is continued in this manner until
the project is concluded. For this hypothetical situation Table 3{g) illustrates that 265 samples [or
266 samples when using the English units in Table 3(b]) are necessary. Note that by using a con-
stant interval of 1 sample in 150 m (500 ft}, 360 samples would have been necessary. Also nofe
that the maximum sampling inferval was fixed at 310 m {1000 f).

Note 4 - This example, and the following one, use a changing sampling interval of +/- 20% from
the previous value. That Is, when good seaming dllows for an increase in sampling interval; the
progression being from 150, 180, 215, 260 to 310 m {500, 600, 720, 850 to 1000 fi}, respec-
tively. A maximum inferval of 310 m {1000 f) is recommended, but clearly this value is at the dis-
cretion of the organizations involved. Conversely, poor seaming requires a decrease in sampling
interval, the progression being from 150, 120, 100, 80 to 65 m (500, 400, 320, 250 to 200
ft}, respectively. A minimum interval of 65 m {200 f) is recommended, but clearly this decision is
also at the discrefion of the organizations involved

Table 3(a) - Resuits of Example 2 fin S.I. Units) Hlustraling the Variation of the Sampling Interval Based on a 2.0%
Anticipated Failure Percentage With a "Good" Quality Installer
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Batch Sampling No. Of Batch | Cumulative Number | Decision
Interval Remaining Distance of
Number {m) Samples Size (m) Failures Made
Required
1 150 360 50 7500 2 Stay
2 150 310 50 15000 G Increase
3 180 217 32 20760 ¢ Increase
4 215 155 32 27640 2 Stay
5 215 123 20 31940 1 Stay
6 215 103 20 36240 ¢ Increase
7 260 68 13 39620 i Stay
8 260 55 13 43000 G Increase
9 310 35 8 45480 ¢ Stay
10 310 27 8 47960 0 Stay
11 310 19 5 49510 ¢ Stay
12 310 14 3 50440 0 Stay
13 310 11 3 51370 0 Stay
14 310 8 2 51990 0 Stay
15 310 [ 2 52610 0 Stay
16 310 4 2 53230 0 Stay
17 310 2 2 53850 0 Done

Total Number of tests per 54,000 m of seam project = 265

Table 3{a) - Results of Example 2 {in English Units) lHustrating the Variation of the Sampling Interval Based on a 2.0%
Anticipated Failure Percentage With a "Good" Quality Installer

Batch Sampling No. Of Batch | Cumulative Number | Decision
Interval Remaining Distance of
Number (Et) Samples Size (Fe) Failures Made
Required
I 500 360 50 25000 2 Stay
2 500 310 50 50000 0 Increase
3 600 217 32 69200 4 Increase
4 720 155 32 92240 2 Stay
5 720 123 20 106640 1 Stay
6 720 103 20 121040 ¢ Increase
7 850 68 13 132090 1 Stay
8 850 55 13 143140 ¢ Increase
9 1000 35 8 151140 ¢ Stay
10 1000 27 8 159140 ¢ Stay
11 1000 19 5 164140 ¢ Stay
12 1000 14 3 169140 ¢ Stay
13 1000 11 3 172140 ¢ Stay
14 1000 8 2 174140 ¢ Stay
15 1000 6 2 176140 ¢ Stay
16 1000 4 2 178140 ¢ Stay
17 1000 2 2 179140 ¢ Done
40

GECMEM 1QA R03/16/06

This informalion is provided for reference purposes oaly and is not i

osa y or g

GSE for current, slardard minimum quality assurance procedures and specificotions.

GSE and other

inthis

1 ate reg

of GSE Lining Technology, Inc. in the United States and cerain foreign countries.

. GSE assumes no fiability in connection with the use of this information. Please check with




EXHIBIT 4
Page 228 of 510

Geomembranes Installation Quality Assurance Manval

andard Test Method - GRI Standard GMI14

Total Number of tests per 180,000 ft of seam project = 266

Example 3 - Using the same project seam length and startup sampling frequency as Example 1,
assume that the startup balch of 50 samples had 3- failures. The decision is then fo continue at a
1 destructive sample in 150 m (500 ft} sampling interval. Thus the second batch size is again 50
samples as it was with Example 2, see Table 4. Table 4(a) is in S.I. units and Table 4{b} is in
English units. Now assume in the second baich there are 2-ailures. The decision is to again con-
tinue at a 1 destructive sample in 150 m {500 ft} sampling interval. From Table 1, the third batch
size is then decreased to 32 samples. The process is continued in this manner until the project is
concluded. For this hypothetical situation Table 4 illustrates that 412 samples are necessary. Note
that by @ constant inferval of 1 sample in 150 m {500 ft), 360 samples would have been neces-
sary. Furthermore, a good seamer {as illustrated in Example 2} would only have had to take 265
samples.
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Table 4{a) - 150Results of Example 3 (in S.1. Uniis} lllustrating the Variation of the Sampling Interval Based on o 2.0%
Anticipated Failure Percentage With a "Poor” Quadlity Installer

Batch Sampling No. Of Batch | Cumulative Number | Decision
Interval Remaining Distance of
Number (m) Samples Size (m) Failures Made
Required
1 150 360 30 7500 3 Stay
2 150 310 50 15000 2 Stay
3 150 260 32 19800 2 Stay
4 150 228 32 24600 3 Decrease
5 150 245 32 28440 3 Decrease
6 150 256 32 31640 1 Increase
7 150 186 32 35480 1 Increase
8 150 123 20 38480 2 Stay
9 150 103 20 41480 1 Stay
10 150 83 13 43430 2 Decrease
11 150 88 13 44990 2 Decrease
12 150 90 13 46290 1 Stay
13 150 77 13 47550 1 Stay
14 150 64 13 48890 1 Stay
15 150 51 13 50490 0 Increase
16 150 32 8 51150 1 Stay
17 150 24 5 51750 1 Decrease
18 150 23 5 52250 0 Increase
19 150 i5 3 52610 0 Increase
20 150 9 2 52910 1 Decrease
21 150 9 2 53150 1 Decrease
22 150 il 3 53210 0 Increase
23 150 7 2 53390 0 Increage
24 150 5 2 53510 0 Increase
25 150 3 2 53750 0 Done
Total Number of tests per 54,000 m of seam project = 412
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Table 4{b) - Results of Example 3 {in English Units} llfustrating the Variation of the Sampling Interval Based on a 2.0%
Anticipated Failure Percentage With a "Poor" Quality Installer

Batch Sampling No. Of Batch | Cumulative Number | Decision
Interval Remaining Distance of
Number (Ft) Samples Size (Ft) Eailures Made
Required
1 500 360 50 25000 3 Stay
2 500 310 50 50000 2 Stay
3 500 260 32 66000 2 Stay
4 500 228 32 82006 3 Decrease
5 400 245 32 94800 3 Decrease
6 320 266 32 105040 1 Increase
7 400 187 32 117840 1 Increase
8 500 124 20 1277840 2 Stay
9 500 104 20 137840 1 Stay
10 500 84 13 144340 2 Decrease
1t 404 89 13 149540 2 Decrease
12 320 95 13 153700 1 Stay
13 320 82 13 157860 1 Stay
14 320 69 13 162020 1 Stay
15 320 56 13 166180 0 Increase
16 400 35 8 169380 1 Stay
17 400 27 5 171380 1 Decrease
18 320 27 5 172980 0 Increase
19 400 18 3 174180 0 Increase
20 500 12 2 175180 1 Decrease
21 400 12 2 175980 1 Decrease
22 320 13 3 176140 & Increase
23 400 10 2 176730 0 Increase
24 500 6 2 177140 4] Increase
25 600 5 2 177980 0 Done

Total Number of tests per 54,000 m of seam project = 412

5.5 Summary

This guide illustrates by means of hypothetical examples how a CQA and/or CQC organization can modify the sam-
pling inferval for toking destructive samples from a geomembraneseaming project. It is based on the method of attrib-
utes that are common to statistical control methods, The methodology uses sequential sampling fo proceed from one deci-
sion to the next until the project is complete.

The result in using this guide for the above purpose is to reward good seaming performance by taking fewer destructive
samples, and to penalize poor seaming performance by taking additional destructive samples. In the example illusira-
tions, good seaming resulted in taking 265 samples [versus 360}, or a decrease of 26% from the originally set constant
interval of 1 sample per 150 m {500 f]. Conversely, poor seaming resulted in taking 412 samples [versus 360}, or a
14% increase in the originally set constant interval of 1 sample per 150 m (500 f.) of seam length.
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Appendix A - General Principles of Control Charts

In order to confrol a production process, like the field seaming of geomembranes, it is necessary to identify and quanti-
fy characteristics that reflect the quality of the product. Such quality characteristics can be either discrete or confinuous
variables. For example, the number of pinholes in a sheet of geomembrane is a discrete variable. Variation in the thick-
ness of a sheet of geomembrane, however, is considered to be « continuous varioble.

Whether quality characteristics are discrete or continuous, variability in the observed values is unavoidable, In the the-
ory of conlrol charts, this variation is considered due to either random [common] or assignable {special} causes,
Wadsworth (1989} and Deming {1982}. Random causes are generally smaller, uncontrollable influences that cannot be
removed from the process without fundamental changes in the process ifself. An assignable cause, however, is an influ-
ence considered fo be significant, unusual, and capable of being removed form the process. Such cauvses moy be due
to human error, variation in raw materials, or the need for machine adjustment.

An important tool used to reduce process variation is the use of control charts. When using control charts, control limits
are used to defermine whether the variability of the statistic over time appears to be due to random variation only, or if
an assignable cause is present. In other words, the purpose of control charls is o establish a "statistical control" of the
assignable causes of variation within of o process.

The control chart generally used to monitor conforming or non-conferming data, called atiributes, is the p-chart, where

"p" stands for the proportion of non-conforming items in the entire population. In the case of inspecting the qudlity of the

seams of field-deployed geomembranes, the p-value would be the historic failure percentage of the installer.

Suppose we have m subgroups [e.g., m different operators, or m different welding machines, or m working days, etc.)
of varying sample sizes m, nz, ...., nm. The number of non-conforming {failed} samples in the ith subgroup is Di, i =1,
2, ..., m, so the proportion of non-conforming items {failure rate) in the ith subgroup is as follows:

Pi= — 1=12..m

(AT)

For the p-charl, the values of pi are plofied against the subgroup number with a control limit, CL, set at the following:

p(1-p) 1172
CL=p+3 [_—n-—‘]

(A2)
L
n= rn
Where i=1 = average sample size.
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Example A1 - Assume that a seaming project is expected to take 25-days for completion, i.e.,
m=25. The installer has a historic data indicating that the company's average failure percentage
is 2.0%. As the work progresses, the number of destructive seam samples and the respective num-
bers of failures are listed in tabular form as shown in the following table. Note that the daily fail-
ure rates, i.e., , are also shown in the table. The control chart of this project can now be devel-

oped.
Subgroup No. [[No. Of destructive | No. Of failures Failure
(days) samples in subgroup Percentage
P

1 12 0 0.000

2 14 0 0.000

3 0 $.000

4 0 £.000

5 13 1 0.077

6 15 0 0.00C

7 19 1 0.053

8 13 0 0.006

9 14 1 0.071
i0 9 0 0.000
il 17 1 0.059
i2 16 ] 0.00G
13 7 0 0.00G
14 22 1 0.045
15 18 0 0.000
6 16 0 0.000
17 15 ] 0.006
18 16 ] 0.000
19 14 0 0.006
20 16 ] 0.00C
21 22 1 0.045
22 18 0 0.000
23 16 0 0.000
24 9 0 0.000
25 13 1 0.077
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Solution: From Equation {B2}, the control limit is caleulated as follows:

1/2
= 0.02(1-0.02) 1<~
CL=0.02+3 360/25 0.13

The control chart can now be obtained by plotting the subgroup failure rate against the subgroup number {i.e., days)
along with the control limit, CL = 0.13. The results are shown in the following figure, note that the 2.0% historic failure
rate is also shown.

0.20

Actual Falure Rate

0.18 — —Histogic Failure Rate
----- Control Limit

0.16

014
02l
010
0.08 -

o, /\/\/\/\ A A
w1 VYV VL ]

I i 1 L ‘ | E 1 ' L] i 1 | £ | 1
g 11 13 16 17 19 21 23 25
Days

Failure Rate
T

0.02 —

Figure A1 - The Resulted Control Chart of Example A-1.

As seen in the above control chart, the entire 25-day record of the failure rate of this project falls below the control limit
set on the basis of the installer's 2.0% historic failure rate. That is fo say, the variations in the daily failure record were
due fo random causes only and no assignable cause was identified. The above conirol chart indicates that no corrective
action is necessary. This is an example of good seaming control.

Example A2 - For a similar size seaming project and historic record fi.e., 2% failure rate} as presented in Example A-1,
a second installer has o poorer destructive seam record as shown in the following fable. The control chart of this partic-
ular situation can also be developed.
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Subgroup No. || No. Of destructive || No. Of failures Failure
(days) samples in subgroup Percentage

1 12 1 0.083
2 14 0 0.000
3 1 0.111
4 0 0.000
5 13 1 0.677
6 15 1 0.067
7 19 3 0.158
8 13 2 0.154
9 14 1 0.071
10 9 0 0.000
11 17 0 0.000
12 16 1 0.063
13 7 1 0.143
14 22 2 0.091
15 18 1 0.056
16 16 2 0.125
17 15 0 0.000
18 16 1 0.063
19 14 0 0.000
20 16 1 0.063
21 22 2 0.091
22 18 1 0.056
23 16 3 0.188
24 9 0 0.000
25 13 i 0.077

Solution: Since the historic failure rate is the same as shown in Example A-1.A new control chart can now be obtained
by plotting the subgroup failure rate against the subgroup number {i.e., days} along with the control limiz, CL = 0.13,
The results are shown in the following figure. Again, the 2.0% historic failure rafe is also shown.

47 GEOMEM IQA RO3M6G/06

This informalion is provided for reference purposas only and s not intended as a ty or g . GSE astumes no Kability in connection with the use of ihis information. Please check with

GSE for current, stendard minimum: quality assurence procedures and specifications,

3SE and othar In this are 1agl of GSE Lining Technology, Inc. In the Unitad States and certain foreign countries.




EXHIBIT 4
Page 235 of 510

Geomembranes Installation Quality Assurance Manval

Standeard Test Method - GRI Standard GMT14

0.20 —

Actual Failure Rate

0.18 —— Historic Failure Rate
- memm e m Control Limit

0.16 -

0.14

0.12
0.10
0.08
0.06
0.04
0.02

0.00

-0.02 P T L I 1 I_.E_[nl_l‘l I 1 I 1 I L] l.
1 3 5 7 9 11 13 15 17 19 21 23 25

Days

Failure Rate

Figure A2 - The Resulted Conirol Chart of Example A2.

As seen in the above control chart, the daily failure rates at day 7, 8, 13 and 23 exceed the condrol limit set on the basis
of the installer's 2.0% historic failure rate. That is to say, there are possible assignable causes on those days. From the
standpoint of construction quality control, the installer should check the record on those days, identify the causels) of such
variations, and take necessary corrective 