
1. INTRODUCTION

The regulatory controls for preventing contaminants
migrating into the surrounding environment call for
a containment barrier system generally provided by
means of leachate collection systems, liners, leak
detection systems (LDS) and secondary liners to give
effect to the LDS.

In regulatory standards the composite liners, where
called for, are defined usually with respect to a
performance standard and service period. Such
composite liners require a flexible membrane liner
(FML) or geomembrane along with a compacted clay
liner (CCL). Alternative geosynthetic materials such
as geosynthetic clay liners (GCLs) are regularly
allowed to be used as partial or total clay layer
replacements. While it is opportune to consider
geosynthetic FML/GCL composite liners due to their
superior performance in particular applications, factors
affecting short and long term performance such as
the hydration of the clay component; effects of
elevated temperature on advection, diffusion and
expected service life, need to be considered, and
where inadequate the barrier performance needs to
be enhanced. This paper addresses the mitigation
of such effects but excludes the stochiometry of
landfills.

2 COMPOSITE LINER PERFORMANCE

An analysis of regulatory requirements (Koerner and
Koerner 1999) indicates that containment barriers
regularly comprise of a leachate collection system
which is to reduce the hydraulic gradient across the
liner; a liner system which is typically a composite
geomembrane and clay component which is to fulfil
a containment function, and a leak detection system
which is given effect by the provision of a secondary
liner.

The performance of such composite liners should
be evaluated based on total solute transport, which
considers both advective losses as well as diffusion
of volatile organic compounds (Foose et al 2002).

2.1 Construction phase influences

The climatic conditions during construction can
significantly reduce liner performance. Sunshine may
induce desiccation cracking of the clay component,
in particular of prehydrated and uncovered GCLs, as
well as induce wrinkles in the FML which would
lead to increased advective losses. Excessive rain on
the clay component can lead to displacement of the
fine fraction and resultant pervious zones, while wind
too can displace the fine fraction, which is critical to
controlling impermeability.
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Hydration of the GCL component of a composite
liner prior to its exposure to leachate is required,
however this hydration should take place after
application of a normal load (Vangapaisal et al 2002).
This is however extremely difficult when the GCL is
part of a composite liner and isolated from soil
moisture by either the LDS or underlying secondary
liner geomembrane.

2.2 Service life influences

The lifetime prediction of geomembranes has been
addressed by numerous authors (Sangam and Rowe
2002, Koerner and Hsuan 2003, Rowe 2005) for
exposure to elevated temperature and various fluids.
These elevated temperatures which significantly reduce
the service life of the geomembrane and may also
induce desiccation of underlying clay components of
composite liners, and increase the total solute transport.
The relatively small temperature increase in the lower
range of from 10°C to 35°C on a composite liner
increased diffusion by 100% and hydraulic
conductivity (or advection) by 80% (Rowe 2005).

Similar considerations need to be given to the
drainage system performance which is affected by
both normal stress resulting in intrusion, and elevated
temperature induced deformations, causing a
reduction in performance of geosynthetic drainage
systems.

3 TEMPERATURE ASSOCIATED WITH
LANDFILL BARRIER SYSTEMS

The heat generated within the waste body due to
biological or chemical degradation results in elevated
temperature of the leachate and hence the base liner
system. Yoshida and Rowe (2003) found that the rate
of rise of temperature can vary and that while the
onset of the rise may be some years after the start of
deposition, this elevated temperature could last as
long as forty years. They conclude that temperatures
around landfill liners are generally below 50°C while
the waste is generally above 50°C, for the municipal
solid waste landfills studied. At a hazardous waste
site in South Africa temperatures have been measured
in the leachate above the composite liner in the range
57–65°C. Partial clogging or the reduction in drainage
efficiency of the overlying leachate collection system
can result in leachate mounding at higher temperatures
directly above the geomembrane.

4 ENHANCING BARRIER PERFORMANCE

The foregoing shows that elevated temperatures during
construction and operation induce poorer composite
liner performance. Also to optimise GCL contribution

to inhibiting advection and diffusion they should be
hydrated after application of a normal load.

A concept was thus developed which involves
drawing a fluid under negative pressure through the
pervious zone adjacent to the barrier so that the fluid
could be used to both cool the primary composite
lining and adjacent drainage systems, as well as
introduce moisture to the GCL beneath the overlying
FML for its hydration (after placement of a normal
load and prior to the risk of its exposure to leachate)
(patent pending). The fluid passing through the
pervious zone would also maintain the leak detection
system at a low to zero concentration of VOCs thus
preventing their further diffusion into the environment,
while the negative pressure could be used to enhance
intimate contact between geomembrane and GCL, in
particular on a micro scale.

This concept was investigated through a series of
tests undertaken in two laboratory investigations.

5 LABORATORY INVESTIGATIONS

Due to the range of variables which affect performance,
the hydration and temperature gradient tests were
undertaken separately.

5.1 Evaluating effect of fluid flow on hydrating
of gcls

The tests on hydrating GCLs were undertaken using
a purpose built water bath through which air was
passed and the water being Witwatersrand tap water
maintained at 60°C. The air flowed through a manifold
which allowed for several samples to be tested
simultaneously, to a series of samples being either
size A of 500 mm × 500 mm or size B of 600 mm ×
1800 mm long. Each sample comprised an upper and
lower 1,5 mm HDPE FML envelope fully welded
and containing a geosynthetic drainage layer beneath
a dry GCL, with an inlet and outlet at each end of the
sample through which the moist air was passed. See
Figure 1.

The results are shown in Table 1
The first test series showed that the horizontally

oriented samples had higher moisture content at the
inlet than the outlet and it was concluded that this
was due to ponding of condensate in the drainage
layer. Thus further tests were undertaken at an incline
and the period increased from three to seven days
due to the larger sample size, although no variation
in average moisture content was found due to the
longer period of exposure. In all cases a normal load
of 1 kPa was applied prior to the introduction of
moisture. The distribution of moisture along the length
of the specimen came from 100 mm square samples
extracted for gravimetric moisture determination, and
was found to be uniform.
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5.2 Evaluating effect of Fluid flow on
temperature gradient across containment
barriers

To investigate the influence of fluid flow through the
LDS on thermal gradient a reservoir having dimensions
4 m wide and 5 m long with 0,6 m height was
constructed. The layer works comprised from the
bottom upwards of a lower 1,5 mm HDPE FML, a
geosynthetic drainage layer, a GCL, an upper 1,5
mm HDPE FML, a geotextile protection layer and an
overlying 300 mm thick stone drainage layer with
thermisters at each geosynthetic interface. The
reservoir was filled to a depth of 200 mm above the
stone layer and heated with a 3000 W element to
50°C simulating actual conditions. An extractor fan
was provided through which ambient temperature air
could be drawn through the LDS at a velocity of
approximately 0,1 m/s. Two further thermocouples
were installed in the inlet and outlet respectively.
The inlet and outlet HDPE pipes of 100 mm diameter
had a percentage open area similar to the cross
sectional open area of the LDS. (See Figure 2).

The temperature variation at inlet and outlet is
recorded along with the change in temperature across
the barrier system for the conditions prior to inclusion
of water in the lagoon, once water was introduced,
during the heating and cooling phases and in the

Figure 1. Schematic representation of apparatus layout to
evaluate GCL hydration between geomembranes after
applying load.

Table 1. Summary of results for seven hydration tests.

Series Orientation Duration Moisture
Horizontal (days) Content*

1/A 3 47%
2/A 200 3 19%
3/A 200 7 19%
4/A 200 7 29%
5/A 200 7 22%
6/B 200 7 23%
7/B 200 7 (+7) 18%

*Average for 4 tests, gravimetric moisture content based on
whole sample (bentonite and polymers)
• A = 500 × 500 mm
• B = 600 × 1800 mm

Figure 2. Schematic layout of thermal gradient evaluation
apparatus.

instance when the extractor fan drew fluid at low
velocity through the LDS. (See Figures 3, 4 & 5).

The results show that the diurnal temperature
gradient across the barrier varies significantly when
uncovered, however this stabilises to an average
temperature upon the inclusion of a cover layer and
containing liquid (Figure 3).

The heating and cooling cycles are characteristic
however there is a gradient across the LDS which
increases with fluid flow through the LDS placing
the secondary liner and geosynthetic drainage layer
at a lower temperature which would thus extend its
life beyond that of the primary liner if made of the
same material (Figure 4).

Figure 3. Temperature variations before and after adding
water.

Figure 4. Temperature during heating and cooling.
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When the lagoon liquid is at 50°C and the nominal
air flow velocity is applied to the LDS the temperature
of the primary liner is reduced marginally (Figure 5).

No investigation into the rate of heat removal has
been undertaken with respect to variation in fluid
velocity through the LDS at time of writing. The
heat generated in the test represented approximately
150 Joules/m2sec. which is well in excess of what is
anticipated in municipal solid waste landfills.

It is thus recommended that the model test be
modified to represent an appropriate rate of heat
generation and investigate the effect of LDS fluid
velocity on energy removal which to date is reflected
by the area between the inlet and outlet temperature
curves.

6 CONCLUSIONS

The above two test series show that the use of a fluid
passing through a leak detection system between two

geosynthetic composite liners can be used to hydrate
a GCL after application of a normal load and prior to
exposure to leachate, as well as to reduce the
temperature to which the geosynthetic layers are
exposed, and hence enhance the containment barrier
performance.

It is also possible to use the system for the removal
of VOC’s by maintaining a continuous fluid flow and
thus the LDS free of VOC’s which may have diffused
through the upper or primary composite liner.
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Figure 5. Temperature with leachate at 50°C gradient and
slow venting.
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