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As much as we programs for waste 
reduction and we will continue to need waste 
disposal and treatment facilities such as and landfiHs 
for both hazardous and non - hazardous waste. We have a 
collective to ensure that the environment is 
nrr,tp('tp,; from undesirable from these facilities. 

V"''''''A'- materials are 
as landfill leachate reservoir 
liners and covers as wen as for process containment for 
industrial and environmental a~l,-,u.,a"lV"~. 
these systems in relation to the extensive USA 

"",,·,p.'rp and looks toward those areas where we can make 
better use of their DOI:enltJ.aL 

~~I"~""J to overcome many of the 
where ge~:)[e'CmUCial 

1.0 INTRODUCTION 

in liners in North America 
and has been driven by frameworks which 
in the case of landfiHs demand fail-safe containment and 
leachate collection systems which have 

have not been so concerned to 
contamination and for landfiHs have been 
'dilute In SE Asia the 
liners in waste containment has also been limited. We are now 

an concern for and 
we can take of others' 
liner systems and landfill systems. 

In addition to their growing use in waste and waste 
water treatment liners have been used 

in Asia and in Australia for water reservoirs and on 
a more limited basis for reservoir covers and for 
covers to sewerage to enable them to function as 
anaerobic "'f'o,~U'V' 

(1) Based on a paper originally presented at the 'Baucon - New Frontiers' 
Conference in Singapore April 1991 when the author was an employee of 
Polyfelt Geosynthetics. 

(2) Geosynthetic Consultants Australia, Melbourne 

(2) 

2.0 LINER TYPES 

low UC;J!,,,,,,,aaJAH~V 
used in earthworks to ~r""""'Q 

desirable to locate a secure landfill within a natural 
of low oe!:m(~ab'IHn 

liner construction. 

""""'''''U' liners have been in many aspects in 
recent years and can now offer excellent chemical and 

resistance with installation and 
U;1,;1l11l.I.IW~:S that have lead to an level of 

of an ideal combination of 
and 

in some respects 
but detract in others. For instance modification of the basic 

and chemical resistance. Plasticisers 
in may orleach out overtime or even 
encourage liner by animals. 

recent innovation in terms of 
has established itself 

containment. HDPE liners are based on 
resins with less than 2% carbon black and no other 

additives which can over time. 
sheets and recent in 

have made their field installation reliable and 
efficient HDPE ~rr"" ,'''' 

greater 

3.0 LANDFILL LINERS 

In Australia the use of 'natural' or 

chosen as an in Q"',,;rr," 

when the waste stream was seen 
In recent times liners have been chosen on occasions 



as a result of a pragmatic costlbenefit examination of the 
alternatives and a recognition of the difficulties involved in 
exercising control over the materials which are directed to 
landfiU which can result in leachates and sludges which are 
difficult to 'cocktails' of different reagents. 

3.1 Henderson LandfiU 

The Henderson landfill liner was the first use of a 
liner for a landfill in Australia. It has now had a 

second stage extension added and the initial 
by Parker and Sadlier (] 991) 

3.2 Other Projects 

is discussed 

There are a number of landfill projects in 
stages in several different Australian States where synthetic 
liners are an of the overall strategy. These 
include the Brisbane City Council waste 
where several of the tenderers proposed HDPE liners. The 
successful Rochedale Landfill included a synthetic 
leachate collection system and a 1.5 mmHDPE liner over aO.9 
m compacted clay liner. 

Engineered clay liners are still used on occasions such as the 
(Vic) landfiH which took advantage of good quality 

clay at site. 

4.0 LANDFILL CAPS 

of an effective cap to control water ingress and gas escape. 
Closure liners with gas collection and drainage are often an 

of the design of new waste disposal facilities. 

Landfill closures often a somewhat different set of 
properties for liners than do landfiH bottom liner 
installations. In cap design presents the 
geotechnical engineer with greater concern regarding long 
term slope and accommodation of differential 
settlement Friction between liners and materials 
contacting those multiaxial elongation, and H~~"-"H" 
become more for covers. And because leachate 
does not contact the liners and there is limited UV exposure, 
chemical resistance and UV exposure resistance become less 

Resistance to the components of landfill gas is, in 
many cases, all that is necessary. 

Asa liners with a textured surface to rnn,r,.",p 

friction angles, and Very Low Density Polyethylene (VLDPE) 
geomembranes are becoming very attracti ve to geotechnical 
engineers. They considerable improvement in those 
areas which are installation. These materials, 
however, in standard index 
testing of geomembranes, when ,..n.lrnn<>r.'r1 with traditional 
polyethylene liners. 

Because of their elasticity, geomembranes can accommodate 
in the closure subgrade without losing their barrier 

performance. Standard clay caps, on the other can lose 
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a great deal of barrier performance due to their absence of 
elasticity and the consequent of cracks and 
fissures. Clay caps can also experience difficulties with 
variable compaction, moisture and root 

no interconnected pore structure, geomembranes 
have no true since permeability coefficients 

on Darcy's a correlation for laminar flow in 
porous media. What little movement takes place thr'",,"oh 

geomembranes is by diffusion. For water, diffusion u,,'vu,," 

polyethylene is roughly a million times less than the 
UHV ... ~"a well compacted clay. With no effective 

against both rainfall penetration into the closure, as weB as 
landfiH gas escaping from the closure. Good containment of 
landfill gas means that gas collection becomes more interesting 
and that vegetative covers for the closure grow much better 
since the gas does not contaminate the roots of the vegetation. 
This enhances slope even further and provides better 
erosion control for the final closure. 

4.1 Very Low Density Polyethylene (VLDPE) Liners 

Very Low Density Polyethylene (VLDPE) is a modem grade 
of polyethylene which takes advantage of the catalyst and 
copolymerisation ofthe grade 
polyethylene's of very 

VLDPE combines many features 
ofHDPE membranes, e.g. lack of plasticisers, low temperature 
resistance, carbon black good strength 
without the need for fabric reinforcement, resistance to 
microorganisms, insects and rodents, etc. VLDPE also has 
excellent natural which is and not the 

as is the case with most other very flexible 
membranes. Stress crack resistance is also excellent. And 
VLDPE gives good results in truncated cone and 
multiaxial elongation tests as well. It's as a very 
durable liner for final cover of landfiHs is substantial. 

1 shows results from tensile testing of HDPE and 
VLDPE liners in both smooth surface and textured form. 

-u 

HOPE TEXTURED VLDPE TEXTURED 

FIGURE 1. 



VLDPE is also available as a textured surface geOITleun.ol 
VLDPE combines its 

materials. 

4.2 Textured Polyethylene Liners 

Some of the hazauds that arise from the very low interface 
friction angle of smooth surface liners aue 
discussed by Sadlier and Beckingsale (1992). 
Textured surfaces for liners have been in 
response to for more stable interfaces. 

Most textured HDPE sheet made by 
'"'''''n,·''''''''' in the outside 

textured layers with the inside smooth layer. Since the 
occurs in the molten the textured surface is 

with the inside layer, which acts as the barrier to 
abrasion 

surfaces. 

liners. The friction angles indicated aue 
and will on test set up, and materials. 
For purposes, actual site materials should be tested. 

Direct Shear 

FIGURE 2. 

4.3 Multiaxial 

of the outside layers sets up a wavy interfacial zone 
between outside and inside layers of the sheet which can cause 
edge-effects in a narrow 6 mm for ASTM D 638) 
tensile These edge effects act as stress (,,,,,,,-.,.,,1"1"<1,, 
notches to reduce tensile break in 
standaud uniaxial tensile testing of textured sheet. 

is one reason for the 
vv.:;u,uo;; to examine multiaxial tension 

and elongation This is 
lauge scale burst test which delivers tension to a liner 

in 360 degrees, instead of a uniaxial one-dimensional direction. 
A used test method for multiaxial o;;"JH!~a<,v" 
GRI GM4. is the Geosynthetics Reseauch 
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andVLDPE 
to standaud smooth HDPEand VLDPE in multiaxial"'HJ'''5'''u~", 

The of multiaxial testing is that it eliminates 
edge-effects in uniaxial tensile testing. There aue 

no edges in the test to influence results when 
them to the lauge scales in the field. For this reason 

as well as for the fact that tension forces in the field aue very 
often multiaxial is considered a 

test, more suitable for design purposes than the 
uniaxial tensile test. 

Because edge-effect bias is the multiaxial 
O;;"JHI~al<V" test offers a better test to eval uate 
of textured liners. 

4.4 Gosnells LandfiH 

This is in the City of Gosnells neau Perth W.A. and it 
started life as a industrial waste collection and has 
since been up with domestic waste to the 
installation of a HDPE and soil cover. Details aue 
discussed by Pauker and Sadlier (1991). 

the 

geosynthetic liner system a" 
strategy for the more severely contaminated auea. This 

is discussed in detail by Sadlier, i-<plhpr,,,,,-,, 

and Maush (1992) 
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5.0 GEOTEXTlLE USE WITH SYNTHETIC LINERS 

The last two are discussed here. 

5.1 Geomembrane Puncture Protection 

are 
installation of the liner system as well as after \..VlIHI-"""IVU 

construction due to loads by waste and other cover 

acting 

Pyramid Puncture Test (modified CBR) 

0.5 1.5 

liner Thickness· mm 

FlGURE4. 

2 

Geotextiles can be below 
and wear due to abrasion caused by 

rocks in the and above the ge()mlembnme 
by 

cover. 

filament 
polypropylene In this illustration the has 
a unit mass of 400 glsqm and it is interesting to note that the 
effective resistance of a 2mm liner can be nrr'''U1Pr1 

by a Imm liner and at considerable cost 
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5.2 and Air Transmission 

thick needle non woven 6"'v'''''''''' 
a three dimensional fibre structure and 

have 
""'"a>;" of air 

voids which allows radial free flow and gases in the 
of the fabric. As such, can be used as a ~HU"''<",'' 

situations which are nr.>cpnta.rl 

Between the two membranes of a double 
order to drain any '''u.~Ut,,, 

(top) liner. 

• Between membrane and 
waste material to drain 

or between membrane and 
waste seepage or 

and 
slg:nll]C~muly decrease the interface 

Beneath a liner in a containment 
system to divert gases from beneath the system that can 
accumulate due to organics in the soils. 

Beneath intermittent and finallandfill cover systems over 
waste to act as gas transmission media and divert 
gases to collection systems. 

5.2.1 Water Transmission 

surface tension and flow characteristics so 
tests are essential. Transmissivity responses 
nonwoven as a function of normal stress are 

available and calculations based on Darcy's formula 
can be used to determine if flow capacity is sufficient. 

In many cases the flows are not and are 
with confidence but control is still critical. 

is often based on order 
correlations. 

nonwoven OP{~tpYh 
systems such as geonets must be installed. 

5.2.2 Gas 

In this the same considerations and 
calculation methods as for water transmission can be used. 
Because of the of nonwoven 

un(:Ol1nPI'es~;ed state), gas 

Australian Geomechanics -



transmissivity, since even with a 
!'."'".,,"" .. ,'" there will be sufficient gas 

of gases. 

6.0 'V ..... n-um:. LINERS AND COVERS 

liners are well known in containment around 
Australia and in Asia but there is VU',"'''Ll<U to make better use 
of of water from 

Golf courses and have made use of thin 
PVC liners for water containment and this choice has been 
made on the basis cost at the expense of 
service life unless a soil cover is also used. Dissatisfaction 
with long term of PVC liners in such VV"U<1,15'''' 
has resulted in a trend towards thin HDPE and VLDPE liners 
which 

then a liner material with excellent """W"'" 
this can be in conflict with the 
UV mp·.,n,pr, 

\.-UllUU''''''U'''''' of materials to maximise U""AC""'J 

and to maximise UV 

7.0 ANAEROBIC LAGOONS 

Anaerobic is a very effective method for UIL'"''<'''''(''' 
treatment of sewerage and covers in HDPE 
can sustain anaerobic 

This of cover can be installed over existing aerobic 
lagoons to the twin benefits of anaerobic and 
odour controL industrial find this COTICelJt 

sewerage authorities 
""11"'1.-'''''''''' of urban sprawl areas closer 

to aerobic lagoons. 

there is very little fluctuation in level in these 
lagoons and the gas is collected under a vacuum so that 
chemical UV and 

over HDPE 
the normal choice of cover material. The cover is 
attached to a concrete anchor beam or restrained by a 
backfilled anchor trench and HDPE are used for the gas 
connections. Floating end details are also possible and this 
allows the of lagoons. 

for food processing plants at in W.A. and Bendigo 
in Victoria. Very Melbourne Water have installed the 
world's largest HDPE membrane digester cover over 
an active anaerobic at their Werribee Sewerage Farm. 

An indication of the of the is the Sonoco 
paper mill in South Carolina USA which measures 

Australian Geomechanics - 1992 

290 m by 120 m and is made from 2.5 mm HDPE. 
It removes 60-80% of the effluent BOD and nr"',rln,f'pc 

aplJrOXHlnately 10 of bio-gas of which over 50% is 
is used for its value. 

8.0 

membrane liners have been seen in various 
dlJiIJUlvdl'U"'" around the Asia Pacific Region and most senior 

will have had at least some 

With the demand from the 
ofleachate formation and possible escape 
facilities there will be many to use 
liners to our environment. There will also be 

in 
for effluent water treatment. 

As with many newer 
''''''''5'''''''''' of the attributes and 

success will come from 
of 

measures. 
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