MEMORANDUM

TO: All Solid Waste Landfill Facility Owners/Operators, Approved Hedth Departments, and
Desgn Enginears
FROM: Doug Evans, Divison of Solid and Infectious Waste Management (DSIWM)

SUBJECT:  Advisory on Structura Integrity Consderations for Incorporating Geosynthetic Clay Linersin
Solid Waste Landfill Facility Design

DATE: September 17, 1997

1.0 Introduction

Ohio's solid waste landfill regulations dlow a geosynthetic clay liner (GCL) to be used in lieu of the
recompacted soil barrier layer of the composite cap system or in lieu of a portion of the recompacted soil
layer of the composite bottom liner system. Nevertheless, GCLs are arelative newcomer to the evolving fied
of waste containment, and significant concerns remain over their ability to be gppropriately incorporated into
waste containment designs.  These concerns include inherent stability shortcomings, hydraulic equivaency,
and long term performance. Many of these issues continue to be investigated by manufacturers and
researchers adlike who have, over time, offered changing, conflicting, and ambiguous information on GCLS,
thus cresting uncertainty regarding the gppropriate use of these products.

Recent information suggests that there are specia consderations which must be taken into account when
utilizing a GCL in certain applications, including use on sde dopes and in areas of landfills where locdized
non-uniform stresses may be encountered.

The purpose of this document isto provide owners, operators, and consultants with the detailed concerns that
DSIWM has for the use of GCLsin solid waste landfill design, as well as specific recommendationsto alay
these concerns.

20 Background

Initidly, issues regarding GCL s centered on hydraulic conductivity, equivaence to compacted clay liners, and
internal shear strength. More recently, interface shear strength, bearing capacity, and overdl long term
performance have come to the forefront of concern. Ohio's solid waste regulations have addressed the
hydraulic conductivity and equivaence issue by setting forth pecific criteria regarding the thickness of clay
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which a GCL can replace, based on its specific mass of bentonite. However, sgnificant issues remain
regarding stability and long term performance associated with use of GCLs in landfill design.

The use of a GCL is adouble edged sword; the bentonite contained in the GCL provides low hydraulic
conductivity, and yet it probably has the least shear resstance or bearing capacity of any soil. Addtothisa
sgnificant number of engineering fallures and alack of long term performance data, and concern regarding
desgnsincorporating GCLsis heightened. It is our thought that by sharing our concerns and
recommendations with owners, operators, and consultants, that GCL s can be properly incorporated in landfill
designs and a cong derable amount of time and energy can be conserved by dl involved in the DSS\WM
permitting process.

While the advantages of GCLs are numerous, they are beyond the intended scope of this advisory. This
document isintended to make our concerns about GCLs known and to provide design and testing
recommendations to dleviate these concerns. This document will explain DSIWM's concerns regarding
GCLsin more detail, provide recommendations for incorporating GCLs in landfill design, and offer guidance
for determining appropriate strength parameters to use in the necessary design caculations. The concerns
contained in this advisory must be addressed by owner/operators proposing to use GCLs. The
recommendations made in this document should be consdered the preferred method for dleviating the listed
concerns, but should not be interpreted as regulatory requirements. By following the recommendations of this
advisory, owner/operators will benefit from a straightforward review which will be lesslikdy delayed by
revisons during the review process. Conversdly, if aternative procedures are used to address the concerns
outlined in this document, the dternative procedures will have to be evauated on a case by case basisfor ther
technical merit, and will probably result in alonger review period.

Please note that although this information is being provided to interested partiesin a proactive effort to clarify
regulatory concerns and expedite permit review, these issues are exceedingly complex and researchis
ongoing. Therefore, the information is subject to update and revison as more research is conducted and more
iIssues arise.

For the purposes of this document, GCL s can be grouped into two broad categories, reinforced and
unreinforced. Reinforced GCLs are basically comprised of three components, a bentonitic clay soil
sandwiched between two geotextiles, with reinforcement to provide additiond strength. The reinforcement is
accomplished by intermittently stitching the three components together (stitch bonding), or by punching fibers
throughout the three components (needle punching). Both types of reinforcement provide additiona bonding
and srength qudities to the product. Unreinforced GCLs consst of a bentonitic clay soil sandwiched
between two geotextiles with no reinforcement, or bentonitic clay soil adhered to a geomembrane.

Sability characterigics are unique to each GCL. Thisis due to the differing geosynthetic components which
are combined in individua GCL s and the methods by which the components are joined. Reinforced GCLs
have greater shear strength characteristics than unreinforced GCLs. In addition, reinforced GCL s constructed
with non-woven geotextiles are more stable over alarger range of applications than those constructed with a
woven geotextile. Thisis because the woven geotextiles dlow bentonite to extrude more readily than non-
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woven textiles. The extruded bentonite essentidly lubricates the interface(s) between the GCL and adjacent
materias, greatly reducing the shear resistance of the compodte system.

3.0 Regulatory Considerations
The following Ohio Adminigrative Code (OAC) references are useful for the purposes of this advisory.

The municipd, industrid, and resdud solid waste (MSW, I1SW, RSW) regulations require that a permit
applicant demongtrate the stability of the landfill. OAC 3745-27-06(C)(4)(j) in the MSW regulations states,
"(C) The following information shall be presented in narrative formin a report divided

according to paragraphs (C)(1) to (C)(9) of thisrule.

(4) The following design cal culations with references to equations used, showing site
specific input and assumptions:

() Sope stability analysis'.
Requirements identical to thesein the MSW rules are found in OAC 3745-29-06(C)(4)(j) and OAC 3745
30-05(C)(5)(j) for ISW and RSW facilities, respectively.
The MSW and ISW regulations require that a GCL be negligibly permegble to fluid migration and contain a

specific mass of bentonite per area. OAC 3745-27-08(C)(3)(a) and (c) and OAC 3745-29-08(C)(3)(a)
and (c) state, respectively, for the MSW and ISW regulations,

"(3) A Geosynthetic clay liner used in lieu of part of the recompacted soil liner pursuant to

paragraph (C)(1)(j) of thisrule, or in lieu of part of the recompacted soil barrier layer,

pursuant to paragraph (C)(15) or (C)(16) of thisrule, shall have the following characteristics:
(a) Be negligibly permeable to fluid migration; and

(c) Have a bentonite mass per unit area of at least one pound per sgquare foot".
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4.0  Concernsand Recommendations
DSIWM has two main areas of concern with incorporating a GCL in alandfill design:

1 Defining performance standards which can account for uncertainties associated with the use of
ardatively new and developing product without a proven long term performance record; and

Determining accurate and appropriate design parameters to fully account for the exceptiondly
weak nature of hydrated bentonite.

These two main areas of concern have anumber of pecific concerns which are discussed in the following
sub-sections.

4.1  Asauring Long Term Performance

Vey little is known about the long term performance of GCLs. Thisissueisdiscussed a lengthin U.S. EPA's
recently released Report of 1995 Workshop on Geosynthetic Clay Liners, dated June 1996, and also in the
American Society for Testing and Materids (ASTM) Specid Testing Publication No. 1308, Testing and
Acceptance Criteria for Geosynthetic Clay Liners, published in January of 1997. Additiondly, there
gppears to be a growing opinion among eminent researchers in the GCL arenathat it may be more prudent to
eva uate post-pesk strength conditions than peak conditions. Thisis due to uncertainties surrounding the
processes that may initiate deformations in composite lining systems during construction, waste placement, and
the waste's subsequent settlement. These processes may result in the development of post-pesk or residual
shear strength conditions which are wesker than peak strength values.

Ohio EPA guidance document number 180, Factors of Safety for Sope Sability Analysis, dated
November 24, 1995, explains the methodology that DSIWM uses for the selection of an gppropriate
recommended factor of safety for a solid waste landfill, based on imminent danger to human life or mgor
environmental impact if the dope were to fal and the degree of certainty in the assumed parameters.
However, the incorporation of a GCL in the solid waste landfill design adds an additional unknown to the
factor of safety selection process. Therefore, due to uncertainties and alack of long term performance data,
DS'WM recommends designing for post-peak conditions with a 1.3 gtatic factor of safety and a 1.1 dynamic
factor of safety for designsincorporating GCLs, see Table 1.
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Table 1

Recommended Minimum Factors of Safety

Post-Peak Static Stability *2 1.30
Post-Peak Pseudo-Static Stability 23 1.10

1. Potential pore water pressure build up in the drainage layer must be taken into account
when investigating the stability of the final cover system. Consideration of seepage forces
should include an investigation of the maximum pore water pressure that may build up in
the drainage layer of the cover system based on the maximum fluid flux through the cover
soils which could occur during saturated conditions and a major rain event.

[Comment: Seepage forces are important because a significant number of landfill final
cover failures have occurred across the nation due to inadequate design of the drainage
layer. Drainage layers have been unable to adequately relieve the pore water pressure that
can build up in cap systems during heavy downpours. The design inadequacies include
underestimating the volume of water that can permeate through the cover soils during a
major rain event and/or inadequate controls for keeping the drainage layer from becoming
partially or completely clogged throughout the life and post closure of the landfill.]

Post-peak shear strength should be determined utilizing a shear displacement of at least
50 mm (2 in).

Should a deformational approach be chosen over a pseudo-static analysis, deformation in
the composite cap system should not exceed 15 cm (6 in) and deformation in the
composite liner system should not exceed 10 cm (4 in).

4.2  Accounting for the Weak Nature of Hydrated Bentonite

The bentonite component of the GCL usudly controls the strength characteristics of the composite bottom
liner and cap system. Hydrated bentonite has the lowest peak and resdud shear strengths of any soil.
Bentonitic soils dso have an extremdy high affinity for moisture and will wick sgnificant amounts of moisture
from even the driest subgrade. In other words, GCLs will hydrate. Bentonite's affinity for moisture resultsin
extraordinarily large swell pressures which can cause the hydrated bentonite to extrude from the GCL into the
interfaces between the GCL and adjacent materiads, essentidly lubricating these interfaces, thereby weakening
the Structurd integrity of the compaosite system.

Hydrated bentonite dso exhibits an extremely low bearing capacity. Thus localized non-uniform stresses can
cause the bentonite in GCLsto flow or migrate away from higher stress concentrations alowing the GCL to
thinin locdized areas. This bentonite thinning results in GCLs no longer meeting the regul atory requirements
on specific mass per unit areg, and greetly increases fluid flux through the GCL.
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It isthe low hydraulic conductivity of hydrated bentonite that makes the GCL useful and it is dso the hydrated
bentonite that makes the GCL so weak. Focusing on the weskness issue, some designers have suggested
encapaulating the GCL between two geomembranes to prevent hydration. While this will minimize
widespread hydration, locaized zones of hydrated bentonite and ensuing weskened conditions are il a
possibility owing to imperfectionsin geomembraneingdlation. A U.S. EPA sponsored test section of an
encgpsulated GCL recently failed due to such locdized zones of hydration.

4.2.1 Determining Shear Strength Characteristics

Many timesin the past, dope gability calculations required in the permitting process have been submitted to
DSIWM utilizing manufacturer-supplied generic shear strength deta. While this data may be useful in
preliminary design evauations, it isinadequate for the stability caculations required in the DSWM permitting
process. Typicaly, manufacturer's datais accompanied by disclamers which sate that the information should
not be relied upon to determine find design parameters and that project-specific shear testing should be
conducted for this purpose. DSWM emphatically recommends testing the shear strength of project-specific
materials under appropriate conditions, including norma stress, moisture content, and shearing procedure.

Currently, no established or otherwise universdly accepted test method exigts for determining the internd
shear strength and interface shear strength of aGCL. "Appropriate” shear testing has proven to be a highly
subjective and controversid issue around the state and nation. Thisis to be expected when one consdersthe
array of products, each with distinctively different characterigtics, and the redlity that any inaccuracies
inadvertently introduced into sample selection, sample preparation, or actud shearing may fasely increase the
mesasured shear resstance.

With thisin mind, DSIWM is outlining some of the more pertinent agpects of shear testing a GCL and
recommending the following specific testing procedures.

A. Sample Sdection

Idedly the shear samples should be selected from rolls that are ddivered to the site.

However, thisis often impractica. The next best dternative is to obtain identica product
samples from ancther gte. If ether of the preceding options are unavailable, samples from the
manufacturer may be used, if the manufacturer will certify that the samples are representetive
of materids shipped to the field. Thisisimportant because the amount of reinforcement can
vary sgnificantly in the manufacturing process.

B. Hydration

According to U.S. EPA (1996), GCLs will hydrate when placed in contact with typical
congtruction subgrade soils and will probably hydrate sgnificantly within the first few days
(moaisture contents as high as 50 % were measured after 10 days). Stark (1997a) reports that
this hydration typically occurs under afree swell condition and that the swdl pressure of a
reinforced GCL can be on the order of 35 to 40 kPa (730 - 835 psf). A confining stress of
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this magnitude, equivaent 2.1 to 2.5 m (7 - 8 ft) of sail, istypicaly never applied to acap
system and it isusudly a number of weeks if not months before a confining stress capable of
preventing GCL swell is applied to the composite bottom liner system. In addition, this swell
pressure is capable of destroying the reinforcement of GCL s and/or forcing hydrated
bentonite into the interfaces, thereby greetly decreasing the integrity of the bottom liner or cap
system. Consequently, DSIWM recommends that project-specific GCLs and adjacent
materids be dlowed to fully hydrate, as asngle unit, in afree swel condition until vertica
expanson has essentidly ceased (an inconsequentid confining stress of no morethan 0.5 ps
to prevent sample deterioration or to provide afounding for displacement measurement is
acceptable). The vertica expansion should be determined by monitoring vertica displacement
until swelling has reached 100% primary as determined by ASTM 4546 and moisture
samples should be taken from the hydrated GCL after the shear test to verify the degree of
hydration.

C. Norma Stress

DSIWM recommends that project-specific materids including soils and geosynthetics be
tested for internd and interface shear strength over the entire range of norma stresseswhich
will be encountered in the particular design.

. For cap systems, this includes the low normal stresses associated with these
gpplications and any additiona stresses which may be induced by surface water
diversion benches, roads, equipment, or other structures constructed above the
composite cap system.

. For composite bottom liner systems, the range of normal stresses which needs to be
evauated can be extengve, varying from low vaues a the perimeter of thefill to
extremdy high vaues under the degpest areas of thefill.

D. Shear Displacement Rate

Gilbert et d. (1997) and Stark (1997) show that the rate of shear displacement can greatly
affect the measured shear strength of GCLs. Shear strength values from testsusing a
displacement rate of 1 mm/min, the industry norm, have been shown to bein significant excess
of those values using dower displacement rates. Stark (1997) reports that rates equal to or
less than 0.04 mm/min (.0016 in/min) do not seem to have a detrimentd affect on measured
shear strength vaues of one reinforced GCL. Gilbert et d. (1997) and U.S. EPA (1996)
recommend ASTM D-3080 for determining the appropriate direct shear rate. DSI\WM
recommends following the ASTM D-3080 procedure for determining the appropriate direct
shear rate for GCLs, and that the direct shear rate should not exceed 0.04 mm/min.
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E. Test Method

Currently the most common method used for determining interna shear strengths and interface
shear strengths of GCLsisASTM D-5321 utilizing a 300 mm sguare shear box. DSIWM
recommends this procedure for determining the shear strength of Geosynthetic/Geosynthetic
or Geosynthetic/soil interfaces, and the internd shear strength of GCLs.

4.2.2 Avoiding GCL Thinning

After GCLs have hydrated and stresses have been gpplied, the bentonite has been observed to migrate away
from high stress concentrations, resulting in localized thinning of the GCL. This phenomenon is especidly
likely to occur in areas of compodite bottom lining systems where non-uniform stress concentrations typicaly
develop. Thisincludes areasin the immediate proximity of wrinkles, in and around sumps, and beneath
leachate collection piping. Thinning of the GCL due to migration of the bentonite has been observed a one
fecility herein Ohio.

One-dimensiona compression tests show that the thickness of a hydrated GCL can decrease significantly due
to bentonite migration. This phenomenon has been evidenced in exhumed GCL s and has been noted by
numerous authors including Fox et a. (1997), Richardson (1997), Anderson (1996), Koerner and Nargjo
(1995), and Anderson and Allen (1995). According to Fox et d. (1997), bentonite migration seemsto be
more pronounced in unreinforced GCLsthan in reinforced GCLs. Anderson and Allen (1995) and Anderson
(1996) dso show that the thickness of a GCL can be significantly reduced in the vicinity of awrinklein the
overlying geomembrane due to hydrated bentonite flowing up into the air space of the wrinkle, which may
change shape but does not necessarily disappear according to Koerner (1996).

Thinning of the GCL has serious implications for meeting the regulatory requirements, which include criteria
for specific mass of bentonite per unit areaand hydraulic performance. GCLs are dlowed to replace a
portion of the recompacted soil layer based on their hydraulic performance. However, the hydraulic
performance or fluid flux through a GCL is directly related to the thickness or specific mass of bentonite per
unit area. Thus, if the bentonite thins, the fluid flux through the GCL will increase, and the requirements for
hydraulic performance and specific mass of bentonite per unit areamay no longer be satisfied. It istherefore
recommended that the sump areas and areas directly benegth leachate collection piping not incorporate
GCLs, and that wrinkling of the geomembrane be kept to an absolute minimum. DSIWM recognizes that
there will be design and congtruction difficulties associated with this recommendation and thet there are
dternative gpproaches. Unfortunately, insufficient information currently exists for DSIWM to make any other
recommendation.

50  Concernsand Recommendations Unique to Unreinforced GCLs:

Unreinforced GCL s lack any added reinforcement to resst shear stresses, such as needle punching or stitch
bonding. As aconsequence, these products have interna shear Strength and bearing capacity characteristics
gpproximately equivaent to hydrated bentonite. USEPA (1996) comments that shear data on unreinforced
GCLs show friction angles of about 10 degrees. Richardson (1997) estimates the bearing capacity of a
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hydrated unreinforced GCL to be 40 kPa (825 psf) and the internal shear strength to be less than 5 kPa (100
psf) for low normd stresses such as those associated with caps.

For low norma stresses such as those in cgp systems, unreinforced GCLs will hydrate fully under confining
stresses sSgnificantly less than the swell pressure of the GCL. Furthermore, these products have a severely
limited shear resistance which essentidly corresponds to hydrated bentonite. These products may aso
undergo significant creep due to the time-dependent deformationa characterigtics of hydrated bentonite,
resulting in extremely low post-pesk or resdud strength conditions. Additiondly, the extremdy low bearing
cgpacity of unreinforced GCLs may result in thinning of the GCL from bentonite migration due to non-uniform
stress concentrations, such as whed loads, that may be applied to a cap during closure and post closure. For
these reasons, it is recommended that composite cap system designs do not incorporate unreinforced GCLs
and that unreinforced GCL s be restricted to use on bottom lining dopes of less than 10%.

6.0 Procedural Considerations

The recommended testing procedures and factors of safety for GCLs are a component of the dope sability
andysisrequired in the DSSWM permitting process. Thefirst Ohio Adminidirative Code cited in Section 3.0,
Regulatory Condderations points out that a dope stability analysisisto beincluded in the narrative section of
the permit to ingal gpplication. This requirement gppliesto al permit goplications or ateration requests
proposing to use a GCL, initidly; and may apply to dterations or other changes proposing to exchange one
GCL for another. Additiondly, this requirement may also apply to permit applications, dteration requests, or
other changes aready incorporating a GCL, but proposing to change materids or thicknesses of materias for
individual components of the composite bottom liner and composite cap system, or any other circumstance
that may cause uncertainty in the vdidity of previoudy submitted dope stability caculations

The specific contents of a dope stability anadys's can be sengtive to particular conditions present a an
individua site and often need to be assessed on a case by case basis. However, in generd, a dope stability
andydsfor alandfill should include the following:

A. Therationae, cross-sections, and plan views, for critica dope conditions* which may occur
during the excavation and congruction of the landfill**.

B. The rationale, cross-sections, and plan views, for critica dope conditions* which may occur
during the operation and filling of the landfill**.

C. Therationae, cross-sections, and plan views, for critica dope conditions* which may occur
during find closure and post closure care of the landfill.

D. Therationde for the selection of soil and geosynthetic strength characterigtics, including
detailed information from a ste specific subsurface exploration, and detalled information from
aproject specific materids shear srength testing program.

E. A discussion of the methodology used for the determination of the factors of safety.
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F. The physica caculations and/or computer output for the critical conditions of the excavation,
intermediate or interim waste dopes, and fina dopes.

* Determining critical dope conditions includes investigating both static and dynamic
cases for both deep-seated and shallow failure surfaces for both rotational and
trandational modes of failure.

*x Operationa and construction practices can have a profound impact upon the integrity of
the engineered components of waste containment facilities and should not be
overlooked in the design process. Recommendations for operational and construction
practices relating to geosynthetics have been provided in a previous memorandum titled
Unstable Sopes Advisory for Solid Waste Landfill Facilities, dated December 2,
1996. Specific terms and conditions of a permit to instal may be necessary in order to
limit waste placement to a maximum dope height and inclination during the filling of a
phase or unit to maintain the integrity of the engineered components of the landfill.

7.0 Summary

In summary, Ohio's solid waste regulaions dlow a GCL to be used in lieu of the recompacted soil layer of the
composite find cap system or for a portion of the recompacted soil layer of the composite bottom liner
sysem. However, any liner or cgp system utilizing one of these products must perform adequately. DSIWM
has significant reservations regarding the ability of GCLsto perform as safely and durably as compacted clay
soilsin some gpplications. These concerns are due to the inherent low strength characterigtics of bentonitic
soilsand alack of long term performance data on these products. The low strength characteristics of
bentonite preclude GCL s from being used on some dopes and alow GCL s to thin when subjected to non-
uniform stresses. In an effort to provide direction to interested parties in dleviating DSIWM's concerns and
to expedite review of proposas incorporating these products, DSSWM offers the following recommendations:

. Project-gpecific geosynthetics and soils should be tested appropriately for internal and
interface shear strengths over the entire range of normal stresses which will be encountered for
aparticular gpplication, and the results incorporated into the required dope stability
caculations.

. The recommended minimum factors of safety for GCLs are listed below and should be
satisfied using a post-peak shear strength with a shear displacement of a least 50 mm (2 in).

Post-Peak Static Stability 1.30
Post-Peak Pseudo-Static Stability 1.10
. Prior to shearing, the GCL should be dlowed to fully hydrate in afree svell condition until

primary swell is complete. The moisture content should be verified upon completion of the
shear test.
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. DSIWM recommends that the rate of shear for direct shear tests on GCL s be determined
usng ASTM D-3080, and that it not exceed 0.04mm/min.

. DSIWM recommends determining internd and interface shear strengths of GCLsby ASTM
D-5321 utilizing @ 300 mm square shear box.

. Wrinkling of the geomembrane should be kept to an assolute minimum, and any sump areas
and areas directly benesth leachate collection piping should not incorporate GCLs.

. Unreinforced GCL s should only be used on dopes with a grade of less than 10%, and should
not be used in composite cap systems.

The recommendations made above apply to al permit gpplications or dteration requestsinitialy proposing to
use a GCL, and may apply to adterations or other changes proposing to exchange one GCL for another.
Additiondly, these recommendations may apply to permit gpplications, ateration requests, or other changes
dready incorporating a GCL, but proposing to change materias or thicknesses of materids for individud
components of the composite bottom liner or composite cap system, or any other circumstance that may
cause uncertainty in the vaidity of previoudy submitted dope stability caculations.

A subgtantid portion of the information contained in this advisory will be incorporated into a comprehensive
policy statement on dope ability. A draft copy of the policy will be didtributed to interested parties for
review and comment. If you have any comments or questions concerning the information contained in this
advisory or would like information regarding the forthcoming dope stability policy, please contact me at (614)
728-5371. If you would like to be included on the interested party list for the dope stability policy please fax
me your name, address, company/affiliation, telephone and fax numbers at (614) 728-5315.

DE/dk

Attachment; References
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