LINING TECHNOLOGIES

Literature Review

“GEOSYNTHETICS CONQUER THE LANDFILL LAW?”

Lopez Canyon Landfill near Los Angeles underwent a 4-milion m® expansion using innovative
materials in the liner system to overcome difficult site conditions. The side slopes are up to 90 m high
and had been graded by the city’s workforce to provide slopes of between 1:1 and 1.5:1 with benches
every 12-m in height. The steep side slopes made the prescribed Subtitle D liner (geomembrane plus
60 cm of compacted clay) technically and economically prohibitive.

An alternative side-slope liner design was developed utilizing from bottom to top; a reinforced air-
sprayed slope veneer (ASSV), reinforced geosynthetic clay liner, HDPE geomembrane, geonet,
geotextile and a 0.6 m thick operations layer. The ASSV of concrete averaged 75-100 mm thick and
was reinforced with 17-gauge hexagonal netting wire. A reinforced GCL was used in lieu of
compacted soil for the low permeability soil component of the composite liner. A GCL has many
advantages over a compacted soil liner including simple construction methods for installation, no
water consumption, low dust generation (when using a granular bentonite), low susceptibility to
desiccation, self-healing if punctured, tensile strength and limited loss of air space. A geonet was
used in lieu of granular material to provide a leachate collection layer for the side-slope liner system.
Geonets allow a high level of drainage capacity. To protect the geonet from degradation due to
infiltration of particles from the overlying soil or waste, a nonwoven geotextile was placed over the
geonet.

The State required that the liquid-containment capability of the two liner systems (Subtitle D and
alternative) be compared. The results indicated that the theoretical flux of leachate through the
alternative liner system was more than 40 times less than through a Subtitle D liner subjected to a
maximum head of 0.3 m.

The changes in design also required a reassessment of landfill stability. Interface shear tests were
performed to evaluate the shear strength of the alternative liner. The test showed that the weakest
interface in the alternative side-slope liner system would be the geonet/smooth geomembrane
interface.
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Los Angeles’ last operating landfill is undergoing a 4 million m® expansion using innovative
materials in the liner system to overcome difficult site conditions. The design represents
the first approved alternative in California—and perkaps in the nation—to the Resource
Conservation and Recovery Act’s Subtitle D regulations for liner systems. Here's a look at
the regulatory journey that led to approval and the liner’s design and construction. '

teep slopes at Los Angeles’ only operat-
ing municipal solid-waste landfill (Msw)
forced designers to use an innovative
geosynthetic liner and leachate collection
system. Its use sets a precedent for allerna-
tives to the prescriptive regulations for liner
systems present in Subtitle D of the Re-
source and Conservation Recdyery Act
(RCRA). To provide uninterrupted service at
the landfill, design and construction proceed-
ed concurrently with regulatory approval.
The Lopez Canyon Landfill, located in
the foothills of the San Gabriel mountains
about 50 km northwest of downtown Los
Angeles, has been in opcration since 1975,
and has a total capacity of about 18.6 mil-
lion t of refuse. At the 1990 disposal rate of
3,600 t per day, the landfill would have ex-
hausted its permitted capacity by Novem-
ber 1992. To extend the life of the existing
units and meet future solid-waste disposal
| needs, the Solid Waste Management Divi-
sion (sWMD) of the Los Angeles Bureau of
Sanitation embarked on a program of waste
diversion, source reduction and recycling,
nd development of the final landfill cell,
.sposal area C.
Disposal area C covers about 15 ha of
land. The side slopes are up to 90 m high
and have been graded by the city's work

force to provide slapes of between 1 horizon-
tal to 1 vertical and 1.5H:1V with benches
every 12 m in height. To be ready to receive
waste by summer 1993, officials at sWMD di-
vided the construction of disposal arca C into
two phases. They awarded phase 1, covering
an area of about 8 ha, in September 1992,
with completion scheduled for May 1993,
and receipt of waste set for July 1993.

The steep side slopes at the Lopez
Canyon Landfill rendered construction of
the liner system prescribed by the new reg-
ulations technically and economically pro-
hibitive. Instead, the city's staff and consul-
tants developed an innovative alternative
side-slope liner system made entirely of
geosynthetic materials. Due to the city's ur-
gent need for additional waste-disposal ca-
pacity, construction of this alternative liner
system procecded simultaneously with the
quest for approval under some untried per-
formance standard provisions of the new
regulations.

Much of the work is being done by the
city work force. The construction cost for
the phase 1 liner installation was about §3
million. Phase 2 liner construction will cost
$3.5 million. The city has moved four mil-
lion m3 of earth, at a cost of about $10,000,
as part of disposal area C development. To-

.tal cost of operating disposal area C for the

next three yéars, including construction,
operation, closure and postclosure mainte-
nance, is cstimated to be $40 million-850
million.

‘THE REGULATORY CHALLENGE

Designers had initially designed the liner
system in accordance with standards that
were in cffect in California in 1992. They
presumed that the state’s existing stan-
dards for Msw landfills, which contained
performance criteria equivalent to or more
stringent than the Subtitle D criteria, would
be found by EPA to be in compliance.

In early 1993, EPA informed California
that its existing state regulations were in-
sufficient. The Los Angeles Regional Water
Quality Control Board (rwqcs), enforcers
of the slate regulations for landfill liners,
subsequently informed swmMb that, cffective
October 1993 and until California had an
EPA-approved regulatory program, they
would require strict conformance with Sub-
title I standards. This requirement applied
to disposal area C, even though the original
containment system design had previously
been approved by RwQcB and phasc 1 con-
struction already had begun.

The Subtitle D prescriptive standard for
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TECHNICALLY AND ECONOMICALLY PROHIBITIVE, PROMPTING THE SEARCH FOR AN ALTERNATIVE.

- FIG, 1. SIDE-SLOPE LINER SYSTEM DETAIL-

! 0.6-m thick 18 mm minus
side slope operations layer

410 g/m? filter geotextile
i Geonet —,

i Smoothftextured 2 mm
HOPE geomembrane textured side dowm

Varies

Geos;nlhetlc clay linor
at 10

Reinforced air-sprayed
slope veneer

Final subgrade

DISPOSAL AREA C OF THE LOPEZ CANYON IANDFIU. COVERS ABOUT 15 HA. STEEP SIDE SLOPES AT THE
LANDFILL RENDERED CONSTRUCTION OF A LINER SYSTEM, AS PRESCRIBED BY FEDERAL REGULATIOND,

FIG. 2. BENCH DETAIL:- --. -
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containment systems includes a composite
liner and a leachate collection and removal
system (LCrs). The liner should consist of a
minimium of 0.6 m of compacted soil with a
permcability of less than 1x 107 em/s over.
 Iain by a gecomembrane with a minimum
thickaess of 0.75 mm. or 1.5 mm if high-
density polyethylenc (HpPE) is used. The
LCRS must be designed to prevent a Ieachate
head of more than 0.3 m from accumulaung.
The performance standard establishes .
the maximum allowable impacts by the land-
fill on the ground water. A slate can only
grant approval for designs under the perfor-
mance standard after its regulatc;ry program

[ has been approved by epa However, Subt-

te D does contain provisions under which
stales can submit petitions to EPA for ap-
proval of altermative designs under the per-
formance standard.

Strictly speaking, the portions of dispos-
al area C in which waste would be placed

: before the October 1993 effective date were

not subject to the new Subtitie D liner regu-

{ lations. swMD officials decided, however, to

modify the liner system for all of disposal
area C, including phase 1, to comply with

| the Subtitle D regulations. .

Design of an alternative liner and leach-

| ate collection system on the canyon side

slopes presented two primary challenges.

{ First, granular drainagc materials for the

leachate collection layer were subject to
stability problems and would be difficult to
place. Second, the construction of 2 0.6 m
thick low-permeability soil layer was pro-
hibitive from both schedule and construc-
tion perspectives. Due to these constraints,
designers from GeoSyntec Consultants,
Huntington Beach, Calif., proposed an al-
temnative side-slope liner system made with
geosynthetic componeats.

In February 1993, officials with rRwqce
said they would approve an engineered al-
ternative liner system if it could be demon-
strated that the waste-containment capabili-
ty of the liner system equaled or exceeded

-the containment capability of the Subttle D

prescriptive liner .system. They further
agreed to petition £ra for approval of the al-
ternative liner systemn design as a precaution
in case the California regulatory program
did not obtain £rA approval in a timely man-
ner. Phase 1 had to be Ginished by summer
1993, so swMp officials decided, after consul-
tation with GeoSyntec Consultants, to risk
proceeding with design and construction
while concurrentlv nursuing regulatory
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AN INNOVATIVE DESIGN

The original base liner system design hada
0.3 m thick leachate collection layer over a
composite liner consisting of 0.45 m of
compacted soil with a permeability of less
than 1 x 106 cm/s covered by a 2.0 mm
thick HDPE geomembrane. The original
side-slope liner system design consisted of
a single 2.0 mm thick HDPE geomembrane
with a cushion geotextile on top. A veneer
of shotcrete with a compressive strength of
170-205 kPa (25-30 psi) would be sprayed
onto the graded canyon side slopes to pro-
vide a smooth surface for the geomem-
brane liner placement.

Three major modifications were re-
quired to bring the liner system into com-
pliance with Subtitle D standards: Increase
the thickness and decrease the permeabili-
ty of the low-permeability soil component
of the basc composite liner; install a com-
posite liner instead of a single geomem-
brane for the side-slope liner system; and
incorporate a leachate collection layer into
the side-slope liner system design. In addi-
tion to these requirements, SWMD directed
GeoSyntec designers to use recycled mate-
rials wherever passible.

Material fof the low-permeability soil

omponent of the base composite liner (to
increase the thickness from 0.45 m to 0.6
m) was readily available on site. Test-pad
permeability values, however, indicated
that th'is material would not meet the maxi-
mum permeability criterion. Bentonite,
used as a soil amendment, lowered the per-
meability. Crews constructed a series of
three test strips constructed with 0%, 2%,
and 4% calcium bentonite (by weight) to de-
termine the appropriate bentonite content.
They constructed a test strip without ben-
tonite for correlation with the preconstruc-
tion test-pad results. Use of a nominal ben-
tonite content of 2% resulted in most, but
not all, samples meeting the permeability
standard. After adding 4% bentonite, all
specimens recovered for laboratory testing
had a permeability less than the maximum
allowable value. Based on these results,
crews constructed the low-permeability soil
component of the composite lincr using 4%
percent bentonite by weight.

The primary challenge in redesigning
the containment system was the develop-

~ent of an alternative compusile side-slope
aer system. From top to bottom, this liner
system consists of a 0.6 m thick “operations”
layer of soil to protect the liner system from
the waste placement; a 410 g/m? filter geo-

textile; a geonet drainage layer; a 2.0 mm
thick high-density polyethylene geomem-
brane, with a smooth side facing up and a
textured side facing down; a geosynthetic
clay liner (Gcu) that serves as the low-per-
meability soil component of the composite
liner; and an air-sprayed slope veneer (ASSv)
of concrete averaging 75-100 mm thick and
reinforced with 17-gauge hexagonal netting
wire. . o

Designers used the GcL in lieu of com-
pacted soil for the low-permeability soil
component of the composite liner, A GCL is
composed of a thin (about 6 mm) layer of
sodium bentonite, which is either adhered
to a geomembrane or placed between two
geotextiles. The sodium bentonite has a
typical permeability on the order of 1 x 109
cm/s to 5x 1079 cm/s. -

Theoretical fluy
tirough the alternaive

linep system was
44 times less than
through a Suhtitle D finer:

A ccL has many advantages over a com-
pacted soil liner including simple construc-
tion methods for installation, low water
consumption and low dust generation dur-
ing construction, low susceptibility to des-
iccalion cracking, self-healing abilities if
punctured, material quality maintained in a
controlled cnvironment, low permeability,
tensile strength developed by the geomem-

_brane or geotextiles, and limited loss of

waste-storage capacity.

Designers used a geonet in lieu of gran-
ular material to provide a leachate collec-
tion layer for the side-slope liner system.
Geonets are composed of plaslic strands
and allow a high level of drainage capacity.
To protect the geonet from degradation duc
to infiltration of particles from the overlying
soil and waste, they placed a nonwoven fil-
ter geotextile over the geonet. Engineers at
the GeoSyntec Consultants Materials Test-
ing Laboratory, Boca Raton, Fla., showed
that the geonet could provide the necessary
drainage capacity under the anticipated
loading conditions.

RWQCB required that the liquid-contain-
ment capability of the two liner systems
(the proposed geosynthetic alternative and
the Subtitle D system) be compared. The
results of the evaluation indicated that the
theoretical flux of leachate through the
geosynthelic alternative liner system sub-
ject to a site-specific leachate head was
more than 40 times less than through a
Subtitle D liner subject to the prescriptive
maximum head of 0.3 m.
~ The changes in the preapproved liner
system required a reassessment of landfill
stability. Engineers performed interface
shear tests to evaluate the shcar strength
of the bentonite-amended base liner sys-
tem and the geosynthetic side-slope liner
system at the GeoSyntec Consultant's
Geosynthetics Interaction Laboratory, At-
lanta. The test showed that the weakest in-

terface in the alternative side-slopc liner

system would be the gconet/smooth
geomembrane interface, but that this inter-
face would be stronger than the weakest in-
terface in the original design. '

Designers submitted the petition to
rwQCB for approval of the alternative liner
system in April 1993. Phase 1 construction,
using the alternative design, had already
resumed. ’

CONSTRUCTING THE LINER

Construction of phase 1 by general contrac-
tor Foster Wheeler Enviresponse, Santa Fe
Springs, Calif., began in November 1992.
The initial stage involved subgrade prepa-
ration and installation of the assv and
subdrain collection system.

In April 1993, the contracting team be-
gan work on the amended clay soil liner in
the base areas. Approximately 1,100 t of
calcium bentonite, obtained from a mine
near Victorville, Calif., were incorporated
into the clay liner. Crews spread bentonite
over 280-310 mm thick uncompacted lifts
of the clayey silt borrow soil with a calibrat-
ed spreader truck. They subsequently
mixed the bentonite into the soil using spe-
cially adapted road-reclaiming equipment
developed by subcontractor J.A. James
Construction, Ontario, Calif. The road re-
claimer was fitted with teeth to mix the soil
and bentonite while pulverizing oversized
clods. Operators made three initial passes
without adding any water. On the fourth
pass, they added water during the mixing
process directly from the road reclaimer,
which resulted in a uniform mixture of
moisture and bentonite.
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. ‘ELANDFILL'S CONCRETE AIR-SPRAYED SLOPE VENEER HAS AN AVIRAGE THICKNESS BLTWELH + 5 MM
41D 100 MM AND 1S REINFORCED WITH 17-GAUGE HEXAGONAL HETTING WIRE,

Y the canyon floor somelimes exceeded 38C.
Progressive downslope Movement, {rom
expansion and contraction of the feomem-
brane due to the large diumal temperature
change, caused some “trampolining” of the
geomembrane on the lowest bench (the
membrane bridged across the bench, lift-
ing off the bench sucface).

The downslope movement also caused
several large wrinkles to develop it the toe
of the slope. Crews removed and repaired
the wrinkles and placed the drainage grav-
cl and operalions layer at the toe and back-
fll on the bench. Such difficulties empha-
sized the importance of coordination be.
tween the installation of the geosynthetics
and the placement of backfill over the liner
system. :

Containment-system construction for
phase 1 was completed in June. That same
month, the California Integrated Waste
Management Board approved the permit
for disposal area C, although commence-
ment of disposal operations still required
approval of the allerative liner design and
certification of liner construction by RwQcs.

In July, Rwac informed the swnmp that
the petition for the altemative liner system
had been approved and forwarded to £ra

Crews compacted the amended soil liner
with a sheepsfoot stalic compactor. After
completing each lift, they evaluated com-
paction, plasticity, particle size and perme-
ability as part of their construction quality as-
surance program. Workers measured per-
meability on site with an in situ probe and. in
the Iaboratory, with thin-walled tube sam-
ples. The test results indicated that the
amended clay liner had a permeability rang-
ing from 9 x 108 to 2 x 109 em/s, in confor
mance with the Subtitle D requirement of
lessthan 1x 107 em/s.

Crews constructed approximately 19,000
m? of amended clay liner over a four-week
period. The final lift was rolled with a
smooth roller compactor and regularly
sprayed with water to control desiccation
caacking.

High temperature variations, winds, and
steep slopes affected the construction of

.— the geosynthetic side-slope liner system. It
elped that the geosynthetics installer, the
National Seal Co., Aurora, 11, had worked
under similar conditions prior to this proj-
ect. Geosynthetics installation in the side-
slope areas took place from Aprilto June. A
total of 15.500 m? of geasynthetic compos-

Initially, the installer concentrated on
the geosynthetic clay liner and frcomems-
brane, overlapping the GeL as each pancl
was rolled down the slope along pre-
marked lines on the GcL surfice. Place
ment and alignment of the textured
geomembrane over the GCL required a slip
shect (n this instance a geonet) to avoid
sticking between the GCL and geomem-
brane. Crews rolled the geomembrane
down the slope with the slip sheet placed
between the ccL and the geomembrane.
Once the geomembrane was positioned
properly. they pulled out the slip sheet
from under the geomembrane. When the
Gcl. and geomembrane were in place, they
1aid the geonet and filter geotextile. The in-
stallation crews overlapped and attached
the geonet with white plastic ties that
would be casily observed against the black
geomembrane background. Thea they
sewed the geotextile along the seams.

Installation of the geosynthetic side-
slope liner proceeded smoothly. All
geomembrane secams were nondestructives
ly tested, and samples were recovered for
destructive conformance testing. Some
problems did arise toward the end of phase

EPA returned the pelition to rwaces without
comment, noling that recent modifications
to California’s Msw landfill regulations were
sufficient for the state to be approved for
compliance with Subtile D, rendering Era
approval of the petition unnecessary. On
July 21, rwaco provided the final approval
required for waste-disposal operations to
begin when il accepted certification of con-
struction of the containment system for
phase 1-of disposal arca C from GeoSyntec
Consultants. Phase 2 construction is under
way and will continue through Aprl 1994.
Building an innovative, state-of-the-art
disposal facility has required close coopera-
tion between the owner, consultant, contrac-
tor and regulatory agencies. The result will
be highly protective of the environment and
provide for Los Angeles’ solid-waste disposal
needs withoul interruption. AY
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