TECHNICAL MEMORANDUM

To: Office of Site Remediation and Restoration (OSRR)

From: Dennis P. Gagne, Chief
Technical Support and Site Assessment
Y oon-Jean Choi, P.E., Geotechnica Engineer
Technical Support and Site Assessment

Subject: Revised Alternative Cap Design Guidance Proposed for Unlined, Hazardous Waste
Landfillsin the EPA Region |

Date: February 5, 2001

The purpose of this technical memorandum is to provide guidance to the designer of a cover or cap
system for unlined, hazardous waste landfills at Superfund landfill sitesin New England®.  Itisaso

intended to be a source of technica information for regulatory personnd (e.g., RPMs, RFMs, ...) to
assist them in evaluating cap designs submitted for approval®.

Landfill caps at Superfund sites should meet the RCRA technica requirements contained in
40 CFR 264.310. Theregulatory requirements of the above referenced section specify that fina
covers must be designed and constructed to:

(1) Provide long-term minimization of migration of liquids through the dlosed landfill.

(2) Function with minimum maintenance.

(3) Promote drainage and minimize erosion or arasion of the cover.

!Depending on the contaminants within alandfill (PCBs, ashestos, and other waste exempt from
RCRA) other federa or state capping standards, such as those under the Toxic Substances Control
Act (TSCA), 15 U.S.C. 88 2601, et seq., may apply rather than the RCRA standards discussed in this
guidance.

Thistechnical document takes into consideration regiona and site specific conditions that are
not effectively addressed by the national guidance. The guidance is presented as an dterndive that is
considered gppropriate and acceptable to Region 1. 1t is not intended to replace the nationa guidance
or diminate other dternatives. The dternative guidance has been provided to EPA’ s remedid project
managers and other interested parties for their use in the design of landfill covers and for evauating their
effectiveness.
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(4) Accommodate settling and subsidence so that the cover’ sintegrity is maintained.

(5) Haveapermeshility lessthan or equa to permesability of any bottom liner system or
natura subsoils present.

The mgority of Superfund landfill sites do not have engineered bottom liners. Therefore, following the
requirements of 40 CFR 264.310(a)(5), a cap for thistype of facility could be designed and
constructed with relatively permegble materials. However, though 40 CFR 264.310(a)(5) dlows a
more permesble design, we believe that more effective long term minimization of rainwater infiltration
through the closed landfill would be provided by the cap design recommended in EPA guidance (EPA
Technicad Guidance Document: Find Covers on Hazardous Waste Landfills and Surface
Impoundments; EPA/530-SW-89-047, July 1989). The cap design recommended in this document
satisfies the requirements of 40 CFR 264 and 265 Subparts G (closure and post closure), K (surface
impoundments) and N (landfills). The EPA recognizes that other cap designs may be acceptable,
depending on Ste specific conditions and a determination by the Agency that the dternative design
adequately fulfills the regulatory requirements. Such an dternative design is proposed in the following
attachment.

The dternative cap design proposed consists of drainage geocomposite, geomembrane and 10 cm/sec
soil (or geosynthetic clay liner only on top flat areas). An evauation of this dternative cap using the
EPA HELP modd shows that it can provide equa or better performance minimizing the infiltration of
ranwater (and the resultant leachate generation) than an EPA cap recommended to meet the
requirements of RCRA Sultitle C.

Dennis Gagne (617-918-1431) and Y oon-Jean Choi (617-918-1437) of OSRR took the lead in
developing this guidance. Please contact them should you need assistance in implementation of the

proposed landfill cap design.
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ALTERNATIVE CAP DESIGN GUIDANCE PROPOSED FOR UNLINED?,
HAZARDOUS WASTE* LANDFILLS INTHE EPA REGION |

When designing landfill cgp systems, the primary objectives are to 1) limit the infiltration of rainwater to
the waste s0 as to minimize generation of leachate that could possibly escape to ground-water sources,
2) ensure controlled remova of the landfill gas, and 3) provide the foundation for an aesthetic landscape
and dlow vegetation of the Site (or restore the Site to the required beneficia afteruse).

I. CAP COMPONENTS

To protect the environment and prevent harm to human hedlth, the EPA Region | recommendsthat a
landfill cgp conss of the following (from bottom to top):

1. Base (Leveling) L ayer: Forms a base for the cgpping construction.
# Minimum thickness of fill materids should be 6 inches (15 cm) to establish the rough grading of

the cap.

2. GasVent Layer (Optional): Based on ste-specific basis, the passive gas vent layer (or systems)
should be able to contral the volume of gas that may be formed during anaerobic decomposition of the
waste.

# The gas vent layer should be placed below the low-permeability layer (i.e., geomembrane and
low-permesbility soil) to facilitate the control and collection of landfill gasses.

# Minimum 12 inches (30 cm) of sand and/or gravel with a permesbility greater than 0.01 cn/sec
isrequired to alow free movement of gasses trapped by the low-permeability layer and to
protect the structura integrity of the cap from the uplifting forces due to the gas pressure.

# Where gravel or sand (i.e., gas vent layer) is covered by a compacted, low-permeability soil
layer, a geosynthetic filter layer may be placed a the interface to separate the two layers.

# Geosynthetic materids (e.g., geocomposite) may be subgtituted for sand or grave in the gas
vent layer if they can provide sufficient gas transmissvity and sructura stability under the
anticipated fied conditions for the projected design life.

3 For abandoned landfill Stes without a barrier layer at the base

4 Resource Consarvation and Recovery Act’s (RCRA) Subtitle C regulates hazardous wastes that
exhibit one or more of the following characterigics: Ignitability, Corrosivity, Reactivity, or EP Toxicity
or which are listed hazardous wastes under 40 CFR 261.30.
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# The vertica outlet gas vents or pipes for passive systems need to be located at the highest
elevation of the gas vent layer to alow maximum evacuation of thegas. In unlined landfills, the
gas vent outlets should penetrate to the bottom of the waste or extend to the top of the ground-
water to assg in reducing the possibility of gasses migrating laterdly.

3. Bottom L ow-Permeability Soil L ayer: The purpose of thislayer isto provide a second leve of
protection againg infiltration in the event that the top low-permesability layer (geomembrane layer) hasa
leak. The EPA® recommends alow permeability soil (i.e., compacted clay) with a permesbility of 1 x
107 cmv/sec or less, but complicating factors such as potential placement problems, desiccation crack
development, low shear strength when wet, and borrow source availability, in most cases preclude the
use of these materids for landfill coversin EPA Region |. Historicd evidence suggests thet the
identification of alow-permesahility soil layer borrow source that has adequate interface friction
resistance with the geomembrane, aswell as permeshility lessthan 1 x 10 cmv/sec may not be
practical.

The integrity of acompacted clay cap can dso be affected, over time, by differentid settlement which
can disrupt the cgp structure and impair its performance.  In New England, at least four clay caps
congtructed in compliance with state closure requirements have experienced extensive damages within
compacted clays. Fidd investigations of existing clay caps have shown in-situ permesghilitiesin the
range of 1 x 10° cm/sec to 1 x10° cm/sec instead of 1 x 107 cm/sec achieved at the time of ingtallation
and required by the design specifications. For the reasons stated in the previous paragraph it appears
maintaining the reguired permeabiility of 1 x 107 cmv/sec may not be sustainable except for a short
period following itsingtdlation. However, based on the HEL P mode evauation discussed in Section
[I: Evduation of Alternative Caps, the assessment of cap designs using data for locdly available st and
sand materids (with a permeabiility of 1 x 10 cnvsec) in combination with a geocomposite drainage
layer (with a permesability of 10 cm/sec) and the geomembrane can yield results that exceed the
hydrologic performance of the EPA-recommended cap design®.  In addition, using the localy available
materia will yidd substantia cost savings, remain more impermesable than clays, and could result in
easer congruction and greater cap dope sability.

# The soil should be at least 12 inches (30 cm) of compacted, low-permesbility materias with a
permesbility no greater than 1 x 10* crm/sec.

# The lagt lift of the compacted, low-permeability soil layer benesth the geomembrane should
contain no stones, larger than %2 inch, that may damage the geomembrane.

# The upper surface of the compacted soil which isin contact with the geomembrane should have

5 The EPA Technicd Guidance Document: Final Covers on Hazardous Waste Landfills and
Surface Impoundments (EPA/530-SW-89-047, July 1989)
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aminimum sope of 3 percent after allowance for settlement.

The use of a Geosynthetic Clay Liner® (GCL) may aso be agood aternative to low-permesability soil
layer for cover sysems dueto its very low permesability when fully hydrated. Compodte layers
congsting of ageomembrane and GCL can be consdered the ided cover system in many conditions
such as compliance with total and differentid settlement, easy congtruction and quality control and cost
efficiency. However, some aspects of GCL’ s long-term performance are questionable. Theseinclude
its vulnerability to puncture and rips, long-term durability to dry/wet and freezelthaw (eg., chemica
changes of bentonite), aging of the reinforcing fibers, long-term behavior related to the frictiond
characterigtics of the interface on steep sde dopes and the efficiency of the composite action if GCL
incorporates an overlying geotextile.  Thusthe following should be met if a GCL is used.

# A reinforced geosynthetic clay liner (GCL) may be used on top flat areas with dopeslessthan
or equa to sx (Horizontd): one (Vertica) instead of usng acompacted, low-permeshility soil.
The interface friction angle between the GCL and geomembrane can be very low, particularly
when the GCL becomes hydrated, so thet this materia is recommended for use only in
relatively flat areas to ensure cap dope sability. All joints should have a minimum overlap of
12 inches (30 cm) to provide a watertight connection and alow a sufficient factor of safety.

4. Top Low-Permeability Layer (Geomembrane: GM): Geomembranes are thin sheets of flexible,
relatively impermesble (typica permesbility vadues arein therange of 5x 10 to 5x 10 cm/sec),
polymeric materids whose primary functionisto act as afluid (liquid and gas) barrier. They are
increasingly used in landfill cover gpplications due to the fact that the geomembrane plays a primary role
in limiting infiltration through the composite cap system.

The EPA® recommends a minimum thickness of 20 mils (0.02 inch or 0.5 mm), but 20 mils may not be
aaufficient thickness for most geomembrane materials. Thicker geomembranes are better able to resst
chemical aggression, temperature changes and gradients, stress corrosion and cracking, etcetera.
Qudlity control and quadity assurance (guideline for long term geomembrane welding performance at
landfill Stesisincluded in Appendix A) are of primary importance during geomembrane indalation to
guarantee satisfactory long-term performance of geomembranes Since maintenance and remediation of
the geomembraneis difficult once ingaled. For example, the minimum thickness of high dengity
polyethylene (HDPE) geomembrane specified in Technical Regulations for Hazardous Waste issued by
the German Federd Government is 100 mils (0.1 inch or 2.5 mm) assuming that the waste is thoroughly
compacted (or controlled) prior to capping. In this case the stress due to the remaining differentia

®Geosynthetic day liners (GCLs) used in landfill cap applications are thin (approximately
1/4-inch thick) “blankets’ of bentonite sandwiched between woven and non-woven geotextiles that are
needle-punched (i.e., reinforced) together. Laboratory permeability test results of GCLs indicate a
very low permesbility of 1 x 10® cmv/sec to 5 x 10° cmysec when fully hydrated.
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settlement islimited. Where thereis ahigh potentia for sgnificant differential settlement, linear low
dengty polyethylene (LLDPE) geomembranes are recommended due to their excellent elongation and
flexibility cheracteristics,

On steep Sde dopes, the very low friction characterigtics of the smooth geomembrane with adjacent
layers may cause dope ingability. Therefore, textured geomembranes may be needed to increase the
cap Sde dope dability.

# The minimum geomembrane thickness should be 60 mils (0.06 inch or 1.5 mm) for polyethylene
geomembranes (LLDPE, HDPE).

# A textured geomembrane can be used on side dopesto increase cap side dope stability.

5. Drainage L ayer: Over the past decade the EPA Region | experienced two cases that caused a
need for sgnificant repair to a Superfund landfill cap; one was caused by settlement of the weak subsoil
and another by an inadequate drainage system within the cap. Similar occurrence of landfill cap partid
failures (or dides) has been reported ” 8 ° , most have occurred during, or immediately after, severe
sorm events. Often the effects of severe storm events over a short period of time (e.g., within afew
hours) and resulting seepage forces within the drainage layer were neglected.

Currently the EPA® recommends that the granular drainage layer for find covers have aminimum
thickness of 1 foot (30 cm) and a minimum permesbility of 0.01 cn/sec. The EPA aso recommends
use of the HEL P modd to estimate percolation into the drainage layer and saturated depth over the
low-permesbility barrier on the basis of adaily precipitation data. Recent studies (Soong and Koerner,
1997 8, and Thid and Stewart, 1993 ) indicate that the HEL P generated percolation values
sgnificantly underestimate the hourly interva percolation vaues (at least 20 times) from severe sorm
events. Thus the HELP model program, based on a daily precipitation data is not appropriate to
evauate the worst case scenario which may creste seepage induced dope ingtability. GRI’sreport 8

" Boschuk, J.J., 1991, Landfill Covers. An Engineering Perspective, Geotechnical Fabrics
Report, Vol.9, No.2, March, pp. 23-34.

8 Soong, T. and Koerner, R.M., 1997, The Design of Drainage Systems over Geosynthetically
Lined Sopes, GRI Report #19, June.

% Richardson, G.N., 1997, Fundamental Mistakes in Slope Design, Geotechnical Fabric
Report, Vol. 15, No.2, March, pp. 15-17.

1 Thid, R.S. and Stewart. M.G., 1993, Geosynthetic Landfill Cover Design Methodology and
Consgtruction Experience in the Pacific Northwest, Geosynthetic 93 Conference Proceedings, pp 1131-
1144.



aso concluded that “The federd and state minimum permesbility vaues for drainage soils (often taken
and used directly in design) of 0.01 cnm/sec are too low by afactor of 10, and in some cases 100.”.

To prevent the potentia for dope failures related to seepage forces, the EPA Region | recommends
that agranular drainage layer (e.g., grave or sandy grave rather than sand) for landfill cap systems have
aminimum thickness of 1 foot (30 cm) and aminimum permesbility of 0.1 cnv/sec. Properly functioning
geocomposite drainage products may be substituted for agravel drainage layer if equivdent long-term
performance can be shown. The geocomposite can provide required flow vaues, can easily be
ingalled over the geomembrane, and may provide additiona puncture protection of the underlying
geomembrane. Proper drainage systems, consdering other effects (e.g., dope angle and length,
freeze-thaw cycles), should be designed to reduce the hydraulic head being devel oped over the
geomembrane and increase dope sability.

Therefore, the primary function of the drainage layer isto remove excess ranweater, minimize infiltration
through the low permesbility layer and to enhance the stahility of the cover soil on Sdedopes. The
drainage layer can consst of ether a geocomposte or 12 inches (30 cm) of granular materias such as
grave or sandy gravel. It must be designed to facilitate the area’s maximum foreseegble rainfdl.

# A minimum thickness of 12 inches (30 cm) and aminimum dope of 3 percent, after alowance
for settling and subsidence, are required to provide sufficient drainage flow as determined by
the Ste-specific precipitation rate from a severe sorm event over ashort period of time. A
6-hour duration stornf can be considered as a severe storm event.

# The permeability of drainage materid should be no lessthan 1 x 10 cnv/sec.

# A grave drainage layer may necessitate ingtdlation of a sufficiently thick non-woven geotextile
at the bottom of the layer to protect the geomembrane from being punctured. A granular or
geosynthetic filter should be placed directly over the drainage layer to minimize the migration of
fines from overlying topsoil into the drainage layer.

# A geocomposite drainage layer consisting of two non-woven geotextiles heat-bonded to adrain
core should have an equivaent (or required) hydraulic transmissivity** no lessthan 3 x 10*

11 The equivdent (or reguired) hydraulic transmissivity can be determined by dividing the
dlowable hydraulic transmissivity by the design safety factor of 2to 3. The dlowable hydraulic
transmissvity can be dso determined from the ultimate hydraulic transmissivity data provided by the
geocomposite supplier for performance testing (ASTM D4716) of the geosynthetic drainage product
(e.g., geocomposite) after gpplying reduction factors due to long-term cregp deformation, clogging
effects, etc. . . (Koerner, R.M., 1994, Designing with Geosynthetics, 3rd Edition, Prentice Hall
Publication Co., Englewood Cliffs, NJ.,, pp412-416). If the end product is a heat-bonded
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mf/sec. The top geotextile provides filter and separation functions and the bottom geotextile
provides protection to the underlying geomembrane.

# The geocomposite drainage layer including the low permesbility layer (i.e., geomembrane and
low-permeability soil) and the drainage outlet system should be located below the maximum
frost depth penetration.

6. Protective Soil Layer: The purpose of the protective soil layer isto provide asoil that is capable
of sustaining the vegetative cover through dry periods and protect the underlying drainage and low
permesbility layers from frost damage and excessve loads.

7. Topsoil Layer: Below the vegetative cover istop soil which is required to support the vegetetive
cover. Thetopsoil layer will consst of a sand-dlt-loam mixture to produce good vegetation.

# Thefind top dopes after dlowance for settling and subsidence, should have adope at least 3
percent to promote surface runoff during storm events while minimizing eroson. For the top
areas of the landfill where dopes of 3 - 10 percent are common, the maximum horizontal
gpacing of diversions or ditches of 300 feet isrecommended. A maximum eroson rate of
2.0 tong/acrefyear as cdculated with the USDA Universal Soil Loss Equation is required.

# Drainage benches (or terraces) should be used to breakup steeply graded dopes of covered
landfill stesinto less erodible segments. For dopes greeter than 10 percent in stegpness, the
maximum distance between drainage benches should be equd to or less than 100 fedt.
Benches should dso be of sufficient width and height to withstand a 24-hour, 25-year storm.

It isan important task of environmental geotechnics to establish principlesin the design and congruction
of landfills, in particular with respect to long term safety. The new problems and materids involved in
landfill design require new caculation methods to determine settlement, dope stability (both static and
dynamic) of capping systems, proper drainage systems, etcetera. There are no satisfactory solutionsto
al problems which may arise in the day-to-day practice of landfill design and congtruction. The landfill
design should be performed by a qudified geotechnica expert and must consider factors which are
important to the congtruction, operation and closure of the landfill. This discusson isintended to
highlight some of the problems and experiences of landfill design and congtruction to present solutions
and approaches which may be beneficid to the designer, construction team, owner or operator of the

geocomposite, transmissvity data should be obtained for a heat-bonded geocomposite; and tested
under asoil cover to reflect design drainage performance. The norma compressive load for design
should dso be at least 2 times higher than the field-anticipated norma pressure and hydraulic gradient
be selected representative of the field condition (guideline for long term hydraulic performance of the
geocomposite drainage layer in landfill cap gpplicationsisincuded in Appendix B).
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landfill, and the environment.

II. EVALUATION OF ALTERNATIVE CAPS

The percolation of water through an EPA-recommended cap® for hazardous waste landfills and a
proposed dternative cap, shownin  Figure 1, was evauated with the EPA Hydrologic Evaluation of
Landfill Performance (HELP) computer modd, Verson 3.06 (August 1996). Although the HELP
model may not estimate the hourly peak amount which would cause dope ingtability over
geosyntheticaly lined dopes, the program may be used to estimate the annual average percolation
through the cgp components for comparison of designs.

The cap cross sections used for evauation are as follows:

1. EPA-Recommended Cap®: Bottom 1 x 107 crm/sec permeability materia (2 feet thick)/upper
geomembrane (20 mils thick)/1 x 102 cmv/sec permesbility sand (1 foot thick) drainage layer.

2. Alternative Cap: Bottom 1 x 10 cnvsec permeability materia (1 foot thick)/upper geomembrane
layer (60 mils thick)/10 crm/sec permesbility geocomposite drainage layer.

Default climatological data for Boston, Massachusetts were used to model the Site climate (e.g., annua
average precipitation = 43.08 inches). The cap dope length of 100 feet and side dope of 3 % were
also assumed.

The HELP model results on cap performance for various cap sections are summarized in Table 1.



Table 1- Summary of Average Annual Percolation and Cap Efficiency Predicted by the
HELP Modé for Various Cap Sections

Cap Section Annud Percolation Cap Efficiency*
(Inches) (%)
EPA-recommended Cap 0.00101 99.9976
Alternative Cap 0.00017 99.9996
Single Geomembrane Cap** 0.46407 98.9227

* Cap efficiency is defined as the sum of the percentage of percolation lost to runoff,
evapotrangpiration, and lateral drainage, and changes in the water storage system.

** Single geomembrane cap without a bottom low-permeability soil layer [i.e., gegomembrane layer (60
mils thick)/10 cm/sec permesbility geocomposite drainage layer] for comparison.

This evauation indicates that the proposed dternative cap alows dightly less average annua
percolation (or leakage) through the low-permeability layer than the EPA-recommended cap sectiorr.
Even the single geomembrane hasa cap efficiency higher than 98.9%. Thisis primarily dueto the fact
that the relatively impermesble geomembrane (with a permesbility of about 4 x 1022 cnmv/sec) plays a
primary role in limiting infiltration through the composite cap system. In addition, the use of ahigh-
permesbility geocompasite (about 10 cm/sec) instead of the sand drainage materids (with a
permesbility of 0.01 cm/sec) enhances the remova of water which infiltrates through the cover soil layer
to an exit drain, s0 that the potentia for infiltration through a geomembrane can be effectively minimized.
Because the geocomposite drainage layer offersthis and other benefits, including easier and faster
congtruction, the geocomposite drainage layer is proposed for use in the cap.

In summary, the proposed dternative cap provides equa or better performance in minimizing annua
percolation and any resulting leachate generation from the landfill into ground water compared with a
cap system based on the EPA-recommended cap design guidance® for hazardous waste landfills,
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APPENDIX A

To: OSRR

From: Dennis P. Gagne, Chief
Technical Support and Site Assessment
Y oon-Jean Choi, P.E., Geotechnica Engineer
Technical Support and Site Assessment
Sharon Hayes, Remedia Project Manager

MA Superfund

Subject: EPA Region | Guidance and Performance Criteriafor Polyethylene
Geomembrane Welding used in Landfill Applications

Date: January 31, 2001

Polyethylene geomembranes { high densty (HDPE), low dengty (LDPE)} are thin sheets of flexible,
relatively impermesble, polymeric materids used as a primary hydraulic barrier in landfill goplications
(capping systems or bottom liner systems). They may be ingdled with minima holes or damage.
However, if poorly ingalled, these materials may hide defects or wesknesses that can lead to post-
ingalation holesin and leakage of the geomembrane. Defects in the welds or repairs may be a
potentia long-term source of holes and damage of the geomembrane liners. This appendix provides a
guidance and performance criteriafor polyethylene geomembrane welding used in landfill applications.
For an overview and additiona details of current geomembrane seaming methods, refer to the EPA
Technica Guidance Document: Ingpection Techniques for the Fabrication of Geomembrane Field
Seams (EPA/530/SW-91/051), EPA Technical Guidance Document: Quaity Assurance and Quadlity
Control for Waste Containment Facilities (EPA/600/R-93/182, September 1993) and DV S (Deutscher
Verband fir Schweissen) Direction 2225-1 (1991) and 2 (1992): Joining of Lining Membranes Made
of Polymer Materids in Geotechnica and Hydraulic Engineering-Welding and Site Tegting.

Indl welding procedures, the joint surfaces have to be brought to the welding temperature required for
the specific materid used. Only the surface to which the welding force will be gpplied should be
heated to keep the heet expansion of lining membranes as low as possible in the welded aress.
Weding parameters such as temperature and pressure should be set so that the heat and mechanical
stresses on the materia are as low as possible and maximum long-term weld performance is obtained.

The ambient conditions at the time the weld is made have a consderable influence on the weld
operation and thus on the quality of the bond. For this reason:

# Welding should not be carried out in the rain unless protection has been arranged, and

# Weding should be carried out only at ambient temperatures between 41EF and 104EF (5E-
40EC). In case of extremely hot weether, geomembrane liner ingalation is recommended

A-1



early in the morning or late in the afternoon { or under specid provisons (e.g., tent)}.

Before the geomembrane ingalation begins a the Site, test welds (or trid seams) should be
carried out to adjust the welding process parameters to the field conditions and to verify that the
welding machine is functioning properly.

Seam (or weld) qudity is sgnificantly influenced by welding speed, welding temperature,
welding pressure, and Site conditions. These parameters sgnificantly affect the long term
behavior of the adjacent geomembrane. Thus, controlling weld process parametersis critica to
achieving congstent wedge welds over the possible range of field conditions.

Weding machines using the hot wedge welding method should be continuoudy monitored.
When possible, record all welding process parameters (e.g., welding speed, welding
temperature, wedge temperature, ambient temperature of the geomembrane surface, etc. )
during the welding process to ensure that welding conditions were kept constant (for quality
control and quality assurance).

The long-term behavior of aweld (strength, water tightness) can be influenced by the reduction
of thicknessin the weld area (i.e.,, seam thickness reduction). The seam thickness reduction is
defined as the difference between the thickness of the two geomembranes and the welded seam
thickness (measured by an ultrasonic device or other measuring devices). The seam thickness
reduction reflects an actud interaction of welding parameters under changing field conditions
(temperature, moisture, wind, etceterd) during the welding process. The weld thickness
uniformity isan indicator of how uniform the welding process was maintained and the uniformity
of the seam itsdlf. Past fidd ultrasonic thickness measurement (e.g., Nyanza Chemical
Superfund ste, 2000) proved to be very effective in optimizing the welding of the geomembrane
liner.

Ultrasonic thickness measurements should be performed at least every 25 feet on field
seams joined using the hot wedge welding technique. This spacing should be reduced
further if the seam thickness reductions are indicated beyond the dlowable range.

According to DV S 2225, the alowable seam thickness reduction range must bewithin - 8 - 32
mil (0.2 - 0.8 mm) for 100 mil (2.5 mm) thick HDPE geomembrane. However, based on our
field experience, we recommend the following:

The seam thicknessreductionsfor 60 - 80 mil (1.5- 2.0 mm) HDPE and 60 mil (1.5
mm) L DPE geomembranes should bewithin 8 - 28 mil (0.2 - 0.7 mm) and 8 - 24 mil (0.2
- 0.6 mm), respectively. These are estimated values since long term seam reduction tests
have been made only with HDPE geomembranes of 100 mil (2.5 mm) thickness (Bidefddt, K.
et d., Assessment of Long-term Performance of Weld Seams of Geomembranes for Landfill
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Basdl Liners and Cappings, Research Report SKZ FV 187, Wirzburg, 1991).

The actud fidld seams (or production seams) should be carried out only after successful tests
(or trid) of seams under field conditions. The ultrasonic thickness measurements on trid seams
can provide optimum welding parameters for production seams. We recommend that
destructive testing of seams {peel test only(ASTM D 4437); no shear test} should be
performed on geomembr ane samples cut mostly from test ssamsinstead of from field
seams. Dedtructive testing may be necessary to verify the strength of aweld but it requires
samplesto be cut from welded areas, which then should be repaired with a patch and extrusion
welds. However, this process can lead to aweakness in the geomembrane liner. We suggest
that actua field seam samples may be cut for destructive pedl tests only at the start and end of
the field seam if necessary.

Once the recorded welding parameters are constant and within the alowable tolerance

range, apiece of thefield seam should be cut out at the beginning and end of the seam, and a
ped test should be performed with field testing instruments (i.e., tensometer). The
recommended test speeds for the HDPE and L DPE geomembranes are 2 ifmin and 1 in/min,
respectively (the graph of load versus displacement needs to be recorded). The seamiis
acceptable only if the basic materid is stretched outsde of the seam area without any peeling of
the seam. The dimengions of the test pieces and eva uation of test results are provided in the
standards of ASTM D 4437 or DV S-2226.

If thefirgt test with the tensometer is successful, the whole seam length should be tested by Air
Channel Pressure Testing in accordance with ASTM D 5820.

For extrusion welding, three pieces of atrid seam should be cut out and the seam quality
should be checked by means of aped test. The effective welding should be tested using the
Vacuum Box Method.



APPENDIX B

To: OSRR
From: Dennis P. Gagne, Chief
Technical Support and Site Assessment
Y oon-Jean Choi, P.E., Geotechnica Engineer
Technical Support and Site Assessment
Subject: EPA Region | Guideline for Long Term Hydraulic Performance Criteria of the
Geocomposite Drainage Layer in Landfill Cap Applications
Date: March 23, 1999

As gated in the Alternative Cap Design Guidance [Gagne and Choi, 1997], the EPA Region 1
recommendsthat a geocomposite drainage layer (GDL) conssting of two non-woven geotextiles heat-
bonded to a drain core should have an equivalent (or required) hydraulic transmissivity (T equired)
no lessthan 3 x 10 m%sec as an dternative for agravel drainage layer.

Since landfill caps are typically designed to sustain more than 30 years, one must ensure that the GDL
products have the capability of maintaining proper hydraulic transmissivity over the intended design life
of the structure.  EPA Region 1 currently recommends design of the GDL using short-term
transmissvity (or flow rate) laboratory test results which smulate site-specific field conditions. The
short-term hydraulic transmissvity values (T ,) should be determined in accordance with ASTM
D4716 with the following conditions:

# Testing configurations include sted plate/ste-specific soil/GDL/geomembrane/sted plate.

# Applied norma stressis 1000 psf or 2 times the field-anticipated maximum vaue, whichever is
greater

# Hydraulic gradients should be 0.10, 0.20, 0.35 and 0.50.

# Sesting period should be a least 100 hours or until equilibrium isreached, whichever is greater.

The minimum hydraulic transmissvity (T ., obtained from ASTM DA4716 test) selected for the
geocomposite drainage layer should be at least 2.4 x 10 m?/sec after considering the product of
al proper long-term reduction factors (about 4.0) due to creep, geotextile intrusion, chemica
degradation of polymeric compound, physica clogging, biologica clogging, chemica dogging, scaing
effects..., and adesign factor of safety (2.0):




# Trequired = Tia/[(Product of al partial long-term reduction factors) x (design safety factor)], or

# Tiao = Treqired X (Product of al partial long-term reduction factors) x (design safety factor)
= (3x 10* nf/sec) x 4.0x 2.0
=2.4x 103 m/sec
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