Should geomembrane lined ponds/dams be
covered with a ballast layer?
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1 INTRODUCTION

Geomembrane liners are used extensively in
ponds and dams as barriers for liquid containment.
When designing these facilities, the expected
service life, and function of the geomembrane, are
key design criteria. A geomembrane liner used to
store clean water, to minimise loss, is a very
different application to a geomembrane liner used
to contain polluted water and prevent this entering
the environment. If a geomembrane is left
exposed, then additional demands are placed on
the material, as summarised by Rowe (2020) in the
53rd Karl Terzaghi Lecture, Protecting the
Environment with Geosynthetics.

For an exposed or partially exposed
geomembrane, the factors affecting resistance can
vary with time to a greater extent than for a buried
geomembrane. For example, liner temperature can
vary substantially (-40°C to 80°C) with high
temperature and UV degradation of geomembrane
when exposed to the sun (reducing resistance),
cold temperatures inducing tensile stress
(increased demand), fatigue due to wind/wave
action on wrinkles accelerating degradation
(reducing resistance) of the geomembrane, and
wind uplift pressure and wind-blown objects
increasing demand on the geomembrane.
Stresses on slopes, where the subgrade has
sloughed below the geomembrane due to wave
action as well as liquid and/or gas bubbles/whales
in exposed geomembrane ponds, are also
published failure/stress mechanisms in pond
liners.

2 MOTIVATION FOR INSTALLATION OF A
BALLAST LAYER IN A GEOMEMBRANE LINED
POND/DAM

Given the above, it seems self-evident that
geomembrane liners in ponds or dams, used for
environmental containment, should be installed
with a ballast/cover layer over the geomembrane.
The motivation for a full coverage ballast layer,
specifically for HDPE geomembranes which are
used in these applications, is that it:

» Protects the geomembrane from UV radiation,
and resultant increase in temperature, as the
material will not be exposed to direct sunlight, thus
extending its expected service life significantly, up
to 7 times, Koerner et al. (2017).

» Reduces the risk of physical damage to the
geomembrane, and subsequent increased leakage
rate, as the cover layer provides a physical barrier
to accidental damage from general facility
operations and maintenance (dropped tools,
welding etc.), or even possible animal intrusion
damage. Examples of this that the authors are
aware of are crocodiles damaging exposed
geomembrane liners in South Africa and
kangaroos damaging exposed geomembrane
liners in Australia.

Figure 1: Exposed geomembrane damage from animal
intrusion, Geosynthetics, 2017

» Reduces the risk of damage from fire, as the
cover layer provides a physical barrier to damage
from fire or falling embers. Fully covering the liner
and pond crest along the anchor trenches also
prevents establishment of vegetation along the
edges of the pond, that in the drier months
increases the risk of fire damage to the liner.



Figure 2: Grass along an exposed liner of a storage dam.

* Reduces the potential leakage rate through the
geomembrane liner, as the cover/ballast layer
provides confinement between the geomembrane
and the Geosynthetic Clay Liner
(GCL)/Compacted Clay Liner (CCL) below it, which
is critical to the functioning of the composite
barrier. The ballast/cover layer will ensure that the
geomembrane remains in “intimate contact” with
the GCL/CCL below it. Without this composite
function leaks, from even minor defects, will be
orders of magnitude larger than if the confining
layer were present, and would thus result in the
facility failing in its function to protect the
environment. This effect is summarised in Rowe
(2012), which states that “Based on the typically
assumed 2.5 to 5 holes/ha used for design
calculations of leakage through GMs installed with
strict CQA/CQC, even very small holes (radius =
0.5 mm) in a GM used as a single liner would
cause leakage of 250 to 500 Iphd for a 0.3 m
design head in a landfill and 1000 to 2000 Iphd for
a lagoon with 5 m head. For a typical design
hole with an area of 1 cm? (radius = 5.6 mm), the
corresponding leakages are 32 000 to 63 000 Iphd
for a 0.3 m head and 130 000 to 260 000 Iphd for
a 5 m head. Provided that there is sufficient
ballast above the GM to ensure composite liner
action (e.g., to avoid GM uplift from the underlying
CL), then for 5 holes/ha (each with an area, a = 1

cm?) in the GM component of a composite liner in a
double liner system where the GM is in direct
contact with the CL (i.e., there are no wrinkles), the
calculated leakage for a GCL is less than 0.2 Iphd
even for a hydraulic conductivity as high as 2 x
10-8 m/s and less than 3 Iphd for a CCL (kL = 1 x
10-9 m/s, HL= 0.6 m) for a typical landfill design
head (hw = 0.3 m), and less than 2 Iphd for a
GCL and 36 Iphd for a CCL in a lagoon
application (hw =5 m). Thus, a well-constructed
composite liner where the GM is in direct contact
with the CL can result in leakages many orders of
magnitude less than that which might be expected
for a single GM or CL.”

This point is further reinforced by Theil and Giroud
(2011), who stated “If the primary geomembrane
was able to maintain intimate contact with the
underlying mineral liner, this composite primary
liner system would greatly reduce the amount of
leakage through a defect in the primary
geomembrane. This in turn would reduce the
demand on the leakage collection layer and the
secondary liner system, greatly reducing the
chance of exceeding a predefined Allowable
Leakage Rate. However, there would be a
significant potential that a defect in the primary
geomembrane could allow some liquid to get
between the geomembrane and the underlying
mineral component, and cause uplifting of the
geomembrane due to gas formation, liner
buoyancy, or unbalanced liquid pressure in case of
fluctuation of the liquid level or turbulence in the
pond. In general, unballasted (exposed)
composite primary liners in ponds cannot be
expected to perform as true composite liners.”

* Reduces the risk of whales forming in the liner,
which will also result in a significantly increased
leakage rate given the lack of composite effect
described above, and long-term liner
geomembrane integrity risks due to stress induced
in the geomembrane material.

Figure 3: Photo of geomembrane whale,
Geosynthetica.com (2018)



Figure 4: Photo of geomembrane whale, Theil and Giroud
(2011)

The authors have also observed failures in
exposed geomembrane ponds/dams, where the
thermal cycling of diurnal heating and cooling
tends to concentrate flexing of the geomembrane
at predefined wrinkles or folds in the material,
specifically those left by the blown film
manufacturing process where two folds, running
along the sheet, parallel to the edge, and spaced
at a quarter width from each side, are formed.
The continued flexing at these folds leads to
fatigue failure/stress cracking on these folds, as
shown in the photographs below.
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Figure 5: Geomembrane failure on manufacturing folds
(courtesy Jones and Wagener)

There are also failures reported by Crossley and
Marta (2024), on dual track fusion welds that have
failed in the Heat Affect Zone (HAZ), where the
geomembrane material has been overheated /
overstressed during installation.  The diurnal
temperature fluctuations, on the exposed
geomembrane, result in cyclic loading at the welds,
and this results in failure of the material in the HAZ.

Figure6: Geomembrane failure HAZ of dual track fusion
weld (Courtesy Red Earth Engineering)

« Reduces the risk of downslope bentonite
erosion in the underlying GCL (if used as part of
the composite liner), which is bentonite loss due to
evaporation of water from a GCL and its
condensation under the geomembrane wrinkle
forming drips and small rivulets on the GCL that
erode the bentonite in the GCL, Rowe et al (2014).
This is particularly relevant for exposed side slopes
of ponds.

* Reduces the risk of generation of microplastic
from the exposed geomembrane, Personal
Communication G. Koerner (2025).

3 TYPES OF BALLAST/COVER LAYERS
THAT CAN BE CONSIDERED

Various alternative ballast/cover layer options are
available for geomembrane lined ponds/dams.
The choice of which to use should be guided by
availability of materials, installation risks and
operational factors. The ballast layer should
preferably not generate additional risks of
damaging the geomembrane liner by the process
of installing it. Operationally, as an example,
requirements for ongoing access to desilt the
ponds would require a rigid/durable surface that
can accommodate light plant movement/scraping.
Some alternative options, and photos showing
their installation, are presented below:



* A Geotextile Grout Filled Mattress (GGFM),
pumped full of low strength concrete, cement
stabilised sand or flowable concrete. This
solution offers very low installation risk, as the
panels are premade and then simply rolled out on
site, where the mattress is then filled, so no plant
movement is required for installation. It also
offers a very good operational surface, especially if
concrete is used, as the ballast layer would provide
a very hard, durable surface that could be
trafficked without damaging the geomembrane.
The thickness and strength of concrete should be
carefully considered for the required mass to
maintain intimate contact in a composite liner
system.

Figure 7: Examples of concrete filled mattress, Breteler,
Pilarczyk (1998)

Figure 8: Filling of geotextile flexible formwork mattress,
Samir and Check (2024)

* A geosynthetic cementitious composite mat
(GCCM), with or without an additional ballast layer
over it to increase its downward load. This serves
more as a protection layer, as it would lack
sufficient mass to form a ballast layer by itself
suitable to generate the composite liner effect.
Installation would also be low risk, as the material
can be unrolled off a spreader bar so only foot
traffic would be required on the geomembrane. It
would have limited operational value however
apart from the ability of moving light pumping
systems around without damage, as the layer is
relatively thin, and thus plant traffic could damage
the geomembrane beneath it. It does however
provide and option if used in combination with a
site rock, that would normally be considered
unsuitable, for example for particle size
distribution.

* A geocell material (three-dimensional, flexible,
honeycomb-like structure), either made out of
HDPE or geotextile, and infilled with cement
stabilised sand, low strength concrete, or
aggregate. The installation of the geocells poses
little risk to the geomembrane, although spreader
frames are required to force the material open and
to allow the cells to be filled. Filling poses the
biggest risk, as material would need to be brought
in and placed into the cells. A geotextile protection
layer is often used to protect the liner considering
the amount of traffic required on it for the
installation and filling of the geocells.

Figure 9: Geocells filled with cement stabilised sand, also
showing geogrid to secure slope areas (Courtesy Jones &
Wagener)
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Figure 10: Geocells filled with concrete (Courtesy Jones &
Wagener)

« A protection geotextile and aggregate layer.
This has higher installation damage risks, and
does not provide a suitable surface for plant traffic,
as wheels/tracks could rut through the stone and
damage the geomembrane beneath it if silt was to
be removed. As the stone is unbound, there is
also a risk that operators would remove the ballast
layer as part of the desilting operation.

* Alayer of cement stabilised sand covered with
a concrete block/paver layer. Higher installation
risk, as plant is required to place and compact the
cement stabilised sand layer, but provides an
excellent operational layer and a very robust
solution. The pavers alone do not provide sufficient
ballasting, hence the combination with stabilised
sand beneath.

Figure 11: Cement stabilised sand covered with a concrete
block/paver layer (Courtesy Jones & Wagener)

A layer of concrete has also traditionally been used
as an acceptable and durable geomembrane cover
layer. To mitigate the risk of installing reinforcing
above a geomembrane liner, there is growing use

of polymer reinforced concrete that comes with the
added advantage of quicker installation. In the
example below, the design considered a thicker
layer on the floor and ramp into the dam, while a
thinner layer was used on the sideslopes. The use
of the concrete layer provided the flexibility for
consideration of cost savings on the sideslopes.

Figure 12: Polymer reinforced concrete ballast layer
installation (Courtesy of Jones & Wagener)

Other options exist in mining applications where
there are large amounts of tailings and fine slag
materials available that could effectively be used
as a ballast layer for lined ponds/dams. As these
materials are placed above the barrier system, the
pollution risk is managed. These are the most
economical ballast layers in situations where large
surface areas are required to be covered. The
material can be contained in GGFM is
dispersion/erosion is a concern.

As with all installations, there are design
considerations that need careful consideration for
the type of facility and environment. In a recent
investigation of a cement stabilised ballast layer
that had cracked and buckled, it was found that
the cement ratio was so high that it actually
required construction joints as would be standard
for a concrete installation.

The value of good construction quality control and
assurance cannot be over emphasized as the
choice of final cover can prohibit undertaking an
electrical leak location survey post installation. As
previously noted, the installation should not pose
additional risk to what may have been a good
guality composite barrier installation to start with.



4 CONCLUSIONS

Apart from the benefits to long term durability (7
times longer expected life) by removing the
influence of UV and heat, there is also reduced risk
of physical damage, reduced risk of damage from
fire, reduced potential leak rate, and reduced risk
of whales forming if the geomembrane liner in a
pond if it is covered and ballasted. There are also
multiple materials/methods available to allow for
low risk construction of a ballast/cover layer over a
geomembrane liner, that will also fulfil the long
term operational requirements of the facility. The
key question then becomes why are exposed
geomembrane lined ponds/dams still being design
and constructed? The overwhelming response to
this is cost, as the ballast/cover layer is seen as an
additional cost when the design includes it, and
often it is not expected by the facility owners as
lined ponds have typically always used the
exposed geomembrane solution, so that has
become the accepted norm. In the authors
experience, very few exposed liner ponds have
been successfully desilted without the need to
replace the entire liner after the process due to
damage. The motivation for this initial, short term,
increased cost of including the ballast layer is that
these costs should be assessed against the
avoided costs of ongoing inspections and repairs
of visible damage during operation, eventual liner
replacement due to accelerated aging, and most
difficult to estimate, but also orders of magnitude
greater than the initial capital costs of including a
ballast/protection layer, the avoided costs of
groundwater capture and remediation in perpetuity
due to contaminants released from the facility.
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