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SYNOPSIS : Geosynthetics have experienced considerable development, first of all in civil engineering applications, in road and hydraulic infrastructure
and works and, more especially over the past ten years, in environmental applications.
This lecture will attempt to give details of the various fields of application relating to what we shall call “Environmental Geotechnics™:

- Pollution control

- Erosion control

- Architectural regard

- Protection by energy absorption

- Improvement of the domestic environment.
We shall end by placing the geosynthetics application in relation to the ecological awareness that is becoming increasingly stronger throughout the
world.

Résumé : Les géosynthétiques font I'objet d'un développement considérable, d'abord en Genie Civil, dans les travaux routiers et hydrauliques, et plus
recemment en Génie de I'Environnement.

Cette Conférence a pour objectif de presenter les divers champs d'applications des géosynthétiques en "Géotechnique de I'Environnement”, controle dela
pollution, controle de 1'érosion, impact architectural, amélioration du cadre de vie... tout en prenant en compte la sensibilité écologiste.

INTRODUCTION
opuc Finally, there are the bentonitic geocomposites, or geosynthetic clay

The environment has become a subject of great concem as this twentieth liners (GCL), which consist of geotextiles with bentonite-filled pores. In

century draws to a close. Environmental geotechnics, a new branch of the presence of water, the bentonite causes the pores to swell, thereby
geotechnics, was in fact bom at the same time as geotechnics. It has a fonmpg a watemght sheet or tight protecpon for geomembranes, al}d
great future in civil engineering applications on condition that it can be stopping any possible leaks (the self-healing property of the GLC in
adapted to problems which of necessity are interdisciplinary, involving certain conditions).

civil engineers, chemists, biologists, doctors and others.

The main subjects presented will be pollution control and erosion

control, which concem soil and resource conservation in the widest Landfill Storage Of Solid Waste
possible sense, architectural appearance, protection by energy absorption
and improvement of the domestic environment, which concemn more Development of the problem

specifically man's living conditions on earth. Finally, it is important to

consider the ecological aspects of the use of geosynthetics. It's obvious

today that, in many countries, a civil engineering structure, whatever it

may be, can be built only if it meets certain ecological criteria. =
The paper focuses on the geotechnical and mechanical aspects of the

environmental problems presented, problems which the civil engineer

must overcome.

POLLUTION CONTROL )
Geosynthetics And Pollution Control s

To begin with, it would seem appropriate to present the main families of
geosynthetics that can be used in this field. First, there are the "non- =o'
woven" and "woven" geotextiles, one of the main functions of which is to e
separate soils of different types, or to act as a filter. The retention
capacily of soil particles can be measured by different types of tests such
as this hydrodynamic filtration test. Cut-ofl B S
Geosynthetic structures can be combined to obtain composites. Wall . @ e 7 o
Geotextiles can be combined to drain water in the horizontal plane : ’
(thanks to the high transmissivity of the non-woven part) and to reinforce
the soil (thanks to the tensile strength of the woven part of a dual
function geotextile).
Next there are Geogrids, which may be uniaxially oriented or biaxially
oriented in order to obtain enhanced strength in one or two directions. e
They are used extensively for soil reinforcement. g—— —
Geonets are extruded polymer meshes and look like grids but their - L
function is hydraulic. They are used to drain water in the horizontal N e
plane through the transmissivity function described above. Geonets N
belong to the category of "geospacers”. To prevent the geonet from Bottom Liner
clogging it is often used in conjunction with filter geotextiles. Geonets
are also used with geomembranes as pollution barriers. Geomembranes
have a tightness function. A geonet placed between two geomembranes Fig. 1. Different concepts of landfill liners
gn recover any possible leakage from either of the geomembranes

hoto 1).
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It is only recently that the problem of waste disposal has aroused public
concern. In 1986, it was estimated that on a world scale each person
produces 5.5 tonnes of waste per year, grouping all types of waste
together In the case of France, the estimated figure is 10 t per inhabitant
per year. The amount of waste produced varies considerably according
to geographical region. The amount of domestic waste produced per
year per inhabitant is 864 kg in the USA, 396 kg in Japan, 305 kg in
Europe and 62 kg in Africa.

In France, the 580 million tonnes of waste of all types produced each
year includes over 400 million tonnes of agricultural waste, 100 million
tonnes of inert industrial waste, 32 million tonnes of innocuous industrial
waste (packaging, etc.), 18 million tonnes of special industrial waste
(including 15 to 20% toxic waste) and 18 million tonnes of domestic
waste.

Even if waste incineration, used to a varying e«tent in different countries,
can help reduce the volume and toxicity of waste, the need for waste
storage cannot be totally eliminated. Waste confinement in cells is the
safest possible method as far as pollution risks outside the landfill are
concerned. The use of a bottom liner and slope and cut-off liners will
depend on the geological conditions of the landfill site, but a cap liner
should be used in all cases (Figure 1), to minimise migration of water and
therefore reduce the yolume of contaminated leachate.

Landfills have become real civil engineering structures, which are highly
technical in design and require the expert skills of engineers. It is
important to realise that confinement assumes not only proper tightness
but also proper drainage, which is just as important, to prevent external
water from irrigating the waste and leachates from the landfill from
polluting the surrounding area.

The result of these requirements is the construction of sophisticated
structures where the liner barriers may comprise several mineral or
geosynthetic layers, as shown in this example in Italy (photo 2).

Landfills such as the exemple mentioned in Taipei (Cadwallader, 1986)
require a strict technical approach because of geotechnical problems
related to the sites where they are established and the very large size of
the structures.

Landfill design and related regulations have not changed on a regular
basis in the industrialised world, but rather in fits and starts, generally
following ecological disasters. Changes were introduced in France
following the construction of the so-called "model” landfill in
Montchanin, designed for storing industrial waste. The site was
considered geologically impermeable and no liner was installed.
Subsequent groundwater pollution and strong-smelling gases, which
created a critical situation because of the proximity of houses, provoked
an outcry from ecologists.... which helped hasten the introduction of
changes to regulations in France.

Since 1989, waste storage has been suspended at the Montchanin site and
various extremely costly solutions are being considered to seal the
bottom of the landfill, including cement grouting and an inspection
gallery under the landfill. A cut-off wall is to be built around the outside
of the landfill and a cap has recently been installed with a geocomposite
clay liner (Photo 3). *

In Italy, the Seveso disaster was responsible for heightening national
awareness. In July 1976, serious atmospheric pollution was caused by
discharges from a chemical plant in Seveso. Some 18 000 000 m2 of
land were contaminated by dioxin. The vegetation had to be crushed and
the top soil was stripped off.(Piepoli et al., 1984). From 1981 to 1983,
the polluted soil was stored in two pits, with respective capacities of
80 000 m3 and 160 000 m3. The substratum provided a good guarantee
of impermeability and an additional bottom barrier was installed in the
form of a 0.20 metre thick layer of a sand/bentonite mixture and a
2.5mm thick HDPE geomembrane. An inspection tunnel was
constructed under the site for monitoring leachate drainage.

Conceptual design of waste confinement facilities

Throughout the world, a new concept has gradually developed, that of
the modemn landfill. And geosynthetics have an important role to play in
this concept. This drastic solution for confining very toxic waste consists
of a basin with vertical concrete walls protected by a HDPE
geomembrane and asphalt at the bottom (Photo 4). The structure,
situated near Rotterdam, is 310 metres long, 50 metres wide and
11 metres deep. In the year 2000 it will be full. It will then be covered by
a geomembrane and a sand dune.

A word should be said about the technique of using a removable roof to
prevent the waste from getting damp before it is covered by the
geomembrane. Generalised use of this very costly technique cannot be
envisaged at the moment. The first thing to bear in mind is that landfills
are generally installed on sites which are unsuitable for other types of
civil engineering structures, as in the case of a quarry. The geotechnical
characteristics of such sites are often poor, so that geosynthetics, which
can be used to build flexible structures, are particularly suitable.
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Geomembrane

Ceomembrane

Photo 1. Geonet between a smooth and a rough geomembranes

Photo 3. Capping by GCL of the Montchanin landfill (France)

Second, a liner not only has the role of preventing external water from
penetrating the landfill and leachate from the waste from reaching the
surrounding soil, but it also has a drainage function: it collects leachates
and gases in the bottom of the landfill. More specifically, organic waste
produces large amounts of biogas which, once recovered, can be reused
to produce electrical energy. The volume of gas produced for every
tonne of domestic waste has been estimated at between 100 and 150 m3.
This biogas is composed of between 55 and 80% methane with the rest



made up of carbon dioxide. When purified, methane can be used as fuel,
so that 10 tonnes of household waste is then equivalent to 1 tonne of oil,
However, the degradation process must be controlled so that degassing
can be accelerated (the natural process takes 30 years).

Note that if there is faulty drainage under the geomembrane liner bartier,
quite spectacular situations can arise, as in the frequent case where the
geomembrane has risen.

Nowadays, a wide range of technical solutions is available for landfill
liners, depending on the type of waste, geotechnical conditions,
regulations, and so on. Figure 2 compares a mineral bottom liner with a
synthetic one and clearly shows that by replacing the sand filter with a
geotextile, the gravel layer by a geonet and the clay liner by a
geomembrane, significant savings are made on mineral materials that are
difficult to find and place, and extra space is made available for waste
storage (see arrow on figure).

Alternative schemes are often designed, where, for example, a composite
liner is obtained by using a mineral sealing layer (clay) along with a
synthetic layer (geomembrane). As regards the cap liner which covers the
landfill, the use of geosynthetics would again leave more room for waste
to be stored.

Mention should be made of the double geomembrane system
recommended by the American Environmental Protection Agency
(EPA), among others. This system works like the double hull of a ship,
where the secondary liner layer guards against leakage from the primary
liner layer (Feeney and Maxson, 1993).

All the industrialised countries are working towards adopting a modem
approach to landfills. Few countries have regulations conceming the
actual design. For instance, according to Prof. Fukuoka, the Japanese
Environment Agency has not issued any regulations. The Japanese
Ministry of Health, however, has fixed a minimum thickness for the
geomembrane (1.5 mm), though not for the clay layer (Feeney and
Maxson, 1993).

Figure 3 compares French (1992) and German (1986) designs for
bottom liners in hazardous waste storage. Regulations in both countries
require a composite liner barrier of mineral and synthetic materials, but
the underlying philosophy is different. According to French regulations,
the role of the geomembrane is to collect the leachates, while thc German
regulations combine the complementary sealing properties of mineral
and synthetic barriers. In both cases, the geomembrane must be protected
against damage from puncturing by a geotextile, but the German
regulations are much more strict (2.5 mm thick HDPE geomembrane
and a geotextile of 1200 g¢/m2 minimum). A new test has been
recommended by the BAM in Berlin (1992) to check the quality of the
geosynthetic material protecting the geomembrane: a gravel layer
(16/32mm) is laid over the entire geomembrane-geotextile protection
system which is placed on an elastomer support. The system is subjected
t0 a loading 1.5 times that of the waste material for a period of 1000
hours. At the end of the test, deformation of the geomembrane by
punching must not be more than 0.25% and must be almost nil 24 hours
later. France proposes the test shown in Figure 4 for determining
geomembrane damage: a leakage test follows the puncture test on the
same sample in the same position.

In the USA (Figure 5), the Environmental Protection Agency introduced
geomembranes as bottom liners for hazardous waste storage as early as
1982, and the double liner idea, where each liner includes a
geomembrane associated in some cases with a clay layer, in 1987.
Another area where regulations must be improved is waste classification,
but this will not be dealt with here since the distinction between domestic
and industrial waste depends on its origin rather than its toxicity.

Now let us turn to the different problems encountered by the civil
engineer in the construction of a landfill for solid waste.

LandSill slopes

For the sloping sides of the landfill, geosynthetics have a decisive
advantage because they can be placed on much steeper slopes than
mineral layers without risk of instability. This is the case for the
impermeable layer (geomembrane/clay) and the drainage and protection
layer (geotextile/sand).

An example of the double liner system is shown in photo 5, in which a
combined liner is used for the lower parts, placed on very steep slopes.
This photo shows Lopez Canyon in California (Derian et al., 1993). The
works which began in 1993 concemned the storage of municipal solid
wastes. The slopes of the disposal area were as steep as 1:1
(horizontal/vertical ratio). Local regulations required a minimum of
0.6 m of compacted soil with permeability less than 10-9 m/s overlain by
an HDPE geomembrane with a minimum thickness of 1.5 mm.

The designers used a GCL in place of compacted soil, as the latter would
have been subject to stability problems. The GCL is placed on a veneer
of 100 mm thick reinforced concrete. For the same reasons, the granular
drainage materials used to collect the leachates are replaced by a
geotextile filter (410 g/m2) placed over a geonet.
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Photo 4. Waste disposal (toxic waste) with concrete walls, lined with
HDPE geomembrane - Rotterdam (Netherlands)

[Bottom Liners|

Synthetic Liner Mineral Liner

— Sand
— Gravel
— Clay
GM " - 4
Subsail Subsoil
GTX : Geotextile
GN : Geonet
GM : Geoamembrane (or Bentonitic Geocomposite + Geotextile)

Fig. 2. Comparison between synthetic and mineral liners

Second Step

: Test of leakage detection

Fig. 4. French puncturing test for geomembranes

Another advantage of using geosynthetics is that they are easier to install.
The use of geosynthetics, however, poses new stability problems. When a
slide occurred at the Kettleman landfill in California, Mitchell (1990) and
Seed (1990) observed interface-friction angles as low as 8° between the
geonet and the geomembrane in certain conditions. It has been suggested
that this low interface friction value is the reason for the slope-stability



The actual stability of the granular layers can also be strengthened
e {Germagy) internally by a geotextile or a geogrid (Figure 8) (Paulson and Parker,

- Waste - 1993; Chouery and Butcho, 1991). Another technique involves using
geocells which are three-dimensional geotextiles with hexagonal cells.
- The aim of the geosynthetics is to absorb part of the stress, thereby

GTX - Filter - ol _ leaving less stress to be absorbed by the geomembrane.
~ This technique was used in a full-scale experimental study on the
A il e prototype landfill at Montreuil/Barse (Photo 8), on a 1:1 slope. The cells
Uiner GTX  —————— - Protection- e ‘> thick were filled with sand and the movements of the layer were continuously

froeciion monitored (Bemhard et al., 1994).
- A simpler technique, though somewhat similar in design, involves using
__GMm —— - Synthetic LiNer - se—— tyres.
. A more costly technique, which has been used in Germany, involves
T providing a protective layer for the geomembrane in the form of a
PASSIVE i£5m K :5'_10-‘;,}“/( concrete mattress made up of geotextile sheets sewn together and injected
K<10®mvs| - Mineral Liner- [ "’:'Ciay-‘;’?" .| with cement.

Liner Clay s Where a clay mineral liner is used on the slopes, the average slope angle
of the liner can be increased if geosynthetics are used. In this first

Fig. 3. Bottom liner systems for French and German landfills of
hazardous waste

{France)

Ol

GTX o e
ACTIVE Geonet  XXXXXXXXX XXXXXXXXX
TX S e
Liner <
GM ————— oy — M
e XXXXXXXXX Geonet
iner
— — GM
PASSIVE
Liner
GCL liner

Fig. 5. Bottom liner systems for French and American landfills of |
hazardous waste

failure which led to the slide in the waste fill. The sliding movement,
measuring some 4 m (vertical) by 10 m (horizontal), was believed to have
occured along the geonet/geomembrane interface of the liner.

Slides have also been observed in the surface granular layer, as in a
project in Futton County, New York (example reported by Gircud,
1993), before waste was deposited (Photo 6) : at the top of the slope, a
rupture can be seen in the geotextile, resulting from tensile stress.

Fosse Marmitaine was the first French landfill to use a geosynthetic liner :
the geomembrane is bituminous and its protection on the dry concrete
slope has slipped, resulting in rupture of the geosynthetic layer at the top
of the slope (Photo 7) — (Gosset et al., 1993) — (Gosset et al., 1989).

The stability of the geosynthetic liner and the granular layer has been the
subject of a number of different studies (Giroud and Beech, 1989 and & J
Koemer, 1991, in the USA, Soyez in France with the Etage software — . - =

program).This is a typical soil mechanics problem. An important point is Photo 6. Sliding of the ular soil on the liner - landfill of Futton
the estimation of the tensile stress, T, in the geosynthetic at the top of the country (Giroud, 1993)

slope (Figure 6). The geosynthetic has to be anchored in the ground to
absorb this tensile stress.

The diagram (Figure 7), prepared by Bourdeau (1993) shows the stress
in the anchored geosynthetic layer and the safety coefficient for the soil
covering as a function of the angle of slope.

To increase interface friction, rougher, so called "textured”
geomembranes may be used on the slopes. For the Town of Babylon
landfill, a smooth geomembrane has been used for the bottom liner and a
rough geomembrane for the slopes (J. Beech).

This problem must also be studied for landfill caps. Giroud (1990)
conducted a full-scale study of the stability of the composite made up as
follows, from top to bottom : covering soil, geotextile, geonet, smooth or
rough geomembrane. He observed sliding between the geomembrane
and the geonet. It has also been found that textured geomembranes,
which perform well in contact with the soil, exhibit less friction than
smooth geomembranes when in contact with a geonet. On the other hand,
textured geomembranes in contact with cohesive soils always exhibit
greater shear strength at the interface than smooth geomembranes
(Rivette et al., 1993; Fishman and Pal, 1994).

The problem is thus complicated in that it is necessary to study the
stability of each of the different layers of the liner in relation to the
others. (France)
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example, at the site of a former quarry in Bradley, USA, a 4.5 m thick
layer of clay was placed on a slope of 1:1 thanks to geogrid
reinforcement (Figure 9, Photo 9).

In another original example in France, at Bergheim, geocells were placed
in horizontal sheets, to obtain a clay layer with a vertical face (Photo 10).
In the present case, the reinforced (and drained) clay massif placed at the
site was intended as a support massif, but the same technique could be
used 1o create a vertical liner.

Landfill caps

Let us now look at the specific problems related to the covering of
landfills, aside from the question of sliding resistance already discussed
above. The behaviour of the cap is conditioned by the geomechanical
properties of the waste which it covers. Given the heterogeneity of this
material, it is difficult to propose a geotechnical classification of waste.

Cover Soil

Geomembrane

I\

Fig. 6. Tensile force in a landfill slope liner

Stability and Tension in Geomembrane

Tu H
T=\— =T = =
(£ %) gupg =0
f (tensile force GM) T

|’m..\.-. soil)
s

"

/ A

Slope angleB
Ci=2kPa®du=15°CL=2kPa L =5°

Fig. 7. Tensile force and stability safety factor for a landfill slope
liner (Bourdeau, 1993)

4_Cover Soil

1. Geogrid or
i Geotextile
¢ \

Geomembrane

Waste

Waste
Cover Soil
XGeogrid or Geotextile

I or Geocell
Geomembrane

Fig. 8. Reinforcement of the granular layer, to increase the stability

In the case of domestic waste (Cancelli, 1989), specific weight may vary
between 3.5 and 5.5 kN/m3 for non-consolidated material and from 8 to
10kN/m3 for consolidated waste. Since very little data is currently
available, a friction angle of g = 25° and cohesion of 0 to 30 kPa may be
assumed for routine design, but research should really be conducted to
obtain in-situ measurements of the mechanical characteristics of waste
material.

Deformation of the cap will depend on scttlement of the underlying
waste. The settlement itself will depend on the compressibility of the
waste and its thickness. A distinction will be made (Sowers, 1968 - Watts
and Charles, 1990) between primary consolidation related to mechanical
processes (reorientation, crushing, elasticity of constituent materials) and
secondary consolidation due to biodegradation and creep. However, the
quantitative approach, which has its origins in soil mechanics, is still in its
initial phase.

Average settlement of up to 20% has been observed in the case of waste
20 metres thick. This being the case, differential settlement is obviously
more critical for the cap liner. Such settlement is due to the different
thickness of the waste at the centre of the landfill and around the edges,
and at specific places where cavities have appeared. In the USA, routine
design frequently assumes a circular collapse of between 1.8 and
2.4 metres in diameter corresponding to the crushing of two adjacent
household appliances.

Clay, which is the traditional material used for cap liners, is susceptible to
cracking under the effects of drying, and also under the effects of tensile
bending of the clay layer. Such cracking nuins the sealing capacities of
the mineral liner. Murphy and Gilbert (1987), Jessberger (1991, 1993)
and Leroueil (1992) have studied the tensile strength of clay, which is the
main factor in determining bending of cap liners. Very plastic clays have
tended to be characterised by lower stiffness and higher ductility, in other
words, they are able to withstand higher strains without cracking.
Jessberger carried out centrifuge experiments to show that, in a bending
test, the deformation necessary to induce tensile cracking increases with
the plasticity of the clay. He also showed that the presence of an
overburden at the surface eliminated tension cracking but resulted in
shear ruptures, which constitute preferential flow paths (Figure 10). It
should be noted that the clay must be compacted on the wet side of the
line of optima, at water contents between the standard Proctor optimum
and the limit of trafficability.

A bending experiment with leakage detection was carried out at the
IRIGM, Grenoble (Photo 11). Note the cracks which appeared at the
bottom of the clay layer. Cracks in the clay appear for deformations of
the order of 0.80%.

Geomembranes show significant tensile strength and a tendency to
support significant strain (of the order of 13% up to the yield point for
an HDPE, beyond 600% for the failure point). However, it may be
suggested that the behaviour of geomembranes should be studied under
real biaxial stress conditions (Soderman and Giroud, 1994), using devices
such as that used at the INSA-ITF, Lyon (Jarrigeaud and Sotton, 1995),
since the axisymmetric burst test is not sufficient.

In a situation where there may be a sink hole under the cap liner, the use
of a synthetic liner reinforced by a geogrid or geotextile provides an

Photo 8. Experimental landfill of Montreuil/Barse : reinforcement of

the sand protection by geocells



interesting technical solution (Fox, 1993).

An example in Connecticut, (Carroll and Chouery, 1991), the reinforcing
geogrid is placed on the PVC geomembrane (Photo 12). Calculation of
the reinforcement of the cap liner is not simple since it involves large
deformation values (Jang and Montero, 1993). The calculation for
karstic foundations could be used as a guide (Gourc et al., 1982, Perrier,
1982) (Figure 11). A numerical approach has also been suggested (Bray
et al., 1993), showing the distortion gain obtained by using two geogrids
to reinforce inside the layer.

Finally, geocomposite clay layers, which, like the woven and non-woven
geotextiles of which they are composed, can withstand significant tensile
strain, might also be a serious altermative once their performance has
been better documented (Koemer and Daniel, 1993).

A full-scale experiment in Michelshdne, Germany (Alexiew, 1994 intem
report).used a GCL as a cap liner with an air-bag simulating a sink hole.

Landfill foundations

Areas designated for landfills are very often characterised by very poor
geotechnical properties and are unsuitable for construction. For reasons
of scale, landfills occupy extensive areas, and for economic reasons,
traditional soil treatment methods (drainage, dynamic compaction, etc.)
are rarely used.

Soils with critical bearing conditions include karstic soils (Borie et al.,
1993), which require the type of solution already discussed for sink holes
under the cap liner, that is reinforcement of the bottom liner using
geosynthetics. An example is given by Paulson and Parker (1993).
Another critical case is that of very compressible soils. Rueff and Stoffers
(1994) describe a landfill in Bergkamen built over a lagoon in very weak
soil. The bottom part of the landfill is rigidified by a honeycomb
mattress of geogrids filled with cohesionless soil. The same technique is
used to give bending rigidity ‘0 embankments built on weak soil (Gourc,
1992).

Fig. 9. Reinforced mineral liner on steep slope (Bradley, USA)

Bendings Centrifugal Test :

Overburden

Fension cracks

Shear surfaces
tJessherger, 1993)

Max. Tensile Strain versus Plasticity Index
max € %
| (tensile cracking)

Ie %
1000

(Gilbert & Murphy, 1987)
Fig. 10. Sensibility of clay to cracking
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The problem of deformation of the bottom liner of landfills
systematically arises in the case of vertical and lateral expansion of a
landfill. Such cases are becoming increasingly frequent owing to the fact
that it is much easier to obtain authorisation to expand a landfill than to
build a new one at another site.

One of the first cases of vertical expansion took place in Islip, New York
(Figure 12) (Tieman et al., 1990). The former landfill has a maximum
thickness of 58 m and its cap liner is composed of a PYC geomembrane
and 0.15 m of sand. It was proposed to increase the height of the waste
material by 15 m, which, according to calculations, would result in
additional settlement of 3.9 m of the underlying waste. To take into
account differences in settlement, a layer of fill reinforced by geogrid
was placed as a cover over the original landfill and a new HDPE
geomembrane was placed on top of it.

Making allowance for settlement can create difficult technical problems
concerning drainage pipes for water, leachates and gas, since the pipes
must not rupture but must adapt to the settlement. The photo of the
expanded landfill in Lasalle Montreal, Canada (Photo 13), shows the gas
drainage stack of the original underlying landfill crossing the bottom
liner of the new landfill.

Artires et al. (1994) suggested an original solution for vertical
expansion in Villeparisis, France (Figure 13). The solution involved
storing toxic industrial waste on top of an old domestic waste landfill. In
accordance with new French regulations, the bottom liner of the new
landfill is a 5-metre thick layer of clay. Over this clay liner, there is the
drainage system, including one geonet and two geotextile filters.
Settlement of the municipal waste could create critical stresses in the
drainage system. A smooth geomembrane, placed below the drainage

Photo 9. Compaction of the clay reinforced layer (Bradley, USA)
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Fig. 11. Tensile force induced by a sink hole (Gourc - Perrier, 1992)
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system, acts as a low-friction interface (and not as a liner) to allow the
geosynthetics to slide as a result of settlement.

The use of soil reinforcement techniques based on geosynthetics enables
the storage capacity of landfills to be increased. In the example in Pistoia,
Italy (Cazzuffi et al., 1989), the landfill is expanded by using reinforced
earth embankments to raise the lateral dikes. This technique gives a very
steep slope, and thus provides more storage space, and also makes it
possible to construct dikes on compressible foundations Such as old waste
material.

Another interesting development involves reinforcing the waste itself so
as to increase the slope of the stored waste and possibly facilitate
architectural works once the landfill is closed (Figure 14). This concept
was used at the Torcy domestic waste landfill (Artidres et al., 1994).
Waste is reinforced by means of non-woven geotextiles, which combine
tensile strength and transmissivity to drain the leachates. On this landfill,
ﬂ;g external dikes are also composed of reinforced soil with a facing of
old tyres.

Figure 13 :

Geocells
Geomembrane

Geogrids
Fig. 14. Application of reinforcement technics to dykes and waste
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Photo 10. Clay layer with vertical facing - landfill of Berghdin
(France)

Photo 11. Bending test on a clay layer - lower part of the layer
(Irigm - University of Grenoble)

Photo 13. Vemical expansion of a landfill : biogaz drainage of the
lower landfill through the bottom liner of the new one
(Lasalle, Montreal, Canada)



Future landfills

The trend towards providing maximum safcty has led to cxchanges
between nuclear waste and non-nuclear waste storage techniques. o
La Hague is home to the first French storage facility for low-activity
nuclear waste. The waste material, in the form of blocks, is placed m a
matrix of sand or concrete (Ossena et al., 1994). The cap liner of this
storage system includes a bituminous geomembrane (Photo 14). In
France, the law of 13 July 1992 stipulates that by the year 2002 only
ultimate wastes, that is waste from waste, considered to be inert, can be
stored after incineration. Storage conditions are fixed by the
departmental order of 18 December 1992. This new rcgulation has
enhanced the popularity of incineration and processing, or "incrtage"”.
There are two main types of inertage: "cold incrtage”, where the residues
from the incineration process are coated in matter comprising bilumen,
cement, plastic, etc., and "hot inertage”, where the waste is vitrificd at high
temperature. These techniques are costly and there is not yct any
guarantee that toxic leachates will not occur when the blocks are buried
in the ground (Barna, 1994). Photo 15 shows blocks of waste which have
been solidified by adding cement at a rate of 300 kg/m3. The blocks are
manufactured at the waste disposal site near lake Geneva in Switzerland
(1991).

In line with changing regulations, the Champteussé/Baconne landfill in
France accepts incineration residues in large bags. The boltom Lner
consists of two geomembranes separated by a geonet. New slorage
concepts can thus be imagined where geosynthetics will continue to play
a major role (Figure 15): )

- storage sites with pile supported Boors, with the possibility of inspecting
the underside of the floor,

- storage in blocks with lateral reinforced earth embankments and
internal and external inspection galleries (Gisbert et al., 1994).

This gallery concept was used in the new French landfill at
Champteussé/Baconne. The gallery is located at the bottom level.
Leachate collectors pass under the first and second geomembrane liners
and lead into the inspection gallery.

When geosynthetics are used, the landfill monitoring system is much
easier 10 integrate. The landfill thus becomes a very safe and well-
monitored storage place. In such conditions, there is no reason why siles
should not be given a leisure function, as in the case of a golf course-in
Setter's Hill, near Chicago, which was developed on an active landfill.
Because the future trend will be to make storage sites blend in with the
local landscape; it is worth recalling that, at the present time, the
proximity of a landfill can mean a reduction of 20% in house prices
compared to only 10% for an airport.

Mineral and synthetic liners

Such liners are often proposed as two different alternatives, but in fact
they should really be thought of as complementary. The behaviour of
clay and geomembranes under tensile stress has already been discussed
in §2.2.4 above: it is the geomembrane which is better able to withstand
significant strains without destruction of the design properties. The
answer for layers of clay is to reinforce them with a geosynthetic
material,

Clay can also crack as a result of drying. Therefore, placing a layer of
clay between two geomembranes could pose problems since
condensation could occur at the clay-geomembrane interface, confining
the clay and depriving it of water (Basnett and Bruner, 1993) — (Melchior
et al,, 1993).

Storage of Ultimate Waste

Reinforeed

e timate
soil - ™S Ultimate

Leachate barrier

Internal technic gallery

External technie gallery

Fig. 15. Future landfill : Storage of blocks of ultimate waste

waste block

Photo 15. Blocks of solidilied inerted waste (Switzerland)

On another level, the geomembrane is not insensitive to thermal stress
(Pelte et al., 1994): the geomembrane can wrinkle under the effects of
the sun and result in excessive stress and wrongly positioned liners.
Experiments conducted at the IRIGM, Grenoble, have shown the
advantages of geomembranes with a white reflecting surface and the
inadequacy of a geotextile thermal cover.

Because they are not very thick, geomembranes will be especially
susceptible 1o mechanical and dynamic puncturing resulting, for
example, from the construction operations or wasle transportation
activities, or static puncturing caused by the weight of the waste on top of
the geomembrane. Simple but rigorous puncture tests, such as placing
the geomembrane under pressure from a bed of stones, have existed for
some considerable time (Rollin and Rigo, 1991 and Figure 4). As a result
of such tests, geomembranes are now protecled by a thick geotexlile.
Germany was the first country to carry out even more rigorous damage
testing (BAM test, §2.2.2) and this led to the use of a protective liner
such as a thick non-woven or a geonet injected with sand, for instance.

It is much simpler to locate holes in a synthetic liner than it is to identify
cracks in a clay layer, even though there is still progress 1o be made in
the detection techniques used. The basic principle involves measuring
electrical resistivity, since a geomembrane with no punctures is an
electrical insulator. In the case of a puncture in the geomembrane,
conductive fluid flow through the leak establishes an electrical shunt
through the liner. This low electrical resistance is detectable (Nosko,
1993, Darilek et al., 1989, Peggs, 1993).

It is worth noting the method recommended by the US Environmental
Agency (EPA) 1o take into account, in the global liner design, existing
holes in the geomembrane. The basic work is due to Giroud and al. The
authors (Giroud and al, 1939) propose a theoretical evaluation of the rate
of leakage through a composite liner, due 10 a defect, and separatcly
(Giroud and Bonaparte, 1989), from an extensive review of data on
defects of actual landfills, propose 1o take a frequency of 2 to S holes per
hectare (2 mm diameter). This method is used in USA 1o design the
drainage layer of a double liner system, in charge of the collection of the
liquid that has leaked through the primary liner. )

The problem of geomembrane seams can be dealt with separately using a
routine test: a vacuum bell jar is used to measure a leak by identifying a
rise in pressure over time inside the device. In the case of a double-weld
seam, the channel between the two welds is put under pressure. A drop in
pressure is an indication of a leak.
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The permeability of a clay layer can be measured using the double ring
technique, a technique which has been used on a small scale for
geocomposite clay liners. Mineral liners and synthetic liners differ
essentially with respect to their function as a barrier: it is Darcy's law
which states the flow rate of water through a layer of clay (flow rate
proportional to the pressure gradient causing the flow) while flow
through a non-porous medium, such as a geomembrane, is governed by
Fick's law. It is essentially a question of advection for the clay and
diffusion for the geomembrane (Shackelford, 1992).

The flow of pure water is a pheno:menon which is well documented, but
the same is not true of pollutants: it is known that clay has low
permeability to "unpolar” fluids and geomembranes have low
permeability to "polar" fluids (Quigley et al., 1987 — Mitchell and
Madsen, 1987). The low conductivity of clay to unpolar fluids is clearly
illustrated by the flow of benzene, (Figure 16) but it has been observed
that the prior percolation of ethanol, a polar fluid, destroyed the
imperviousness to benzene. Given the presence of landfill leachates,
which are mixtures of highly variable components, there can be no
guarantee that the clay layer will be as impervious to leachates as it is to
water (Monjoie et al., 1992)

Figure 17 shows the complementarity of clay and geomembranes: the
geomembrane is impervious to polar fluids, while the clay is impervious
to unpolar fluids. Today's trend is therefore towards the combined use of
clay and geomembranes.

Remediation Of Polluted Sites

Let us now discuss the remediation of polluted sites. While landfills were
originally the main concern, remediation of polluted sites is destined to
become the next major concern because of the problems they create and
the sheer size of the sites involved. The traditional problem is that of
abandoned industrial sites where the subsoil has been polluted during
industrial activity. The removal of such large amounts of polluted
foundation soil is not generally considered to be a viable option for
economic reasons.

The answer then consists in isolating the area by means of a watertight
screen (Barker and Esnault, 1992). This screen, as shown in the example,
must be sufficiently thick to be considered impermeable.

An option which might be proposed for remediation of a former landfill
showing signs of subsoil pollution is confinement: lateral isolation by
means of watertight screens and bottom isolation through cement
grouting and drainage via deep trenches (Figure 18).
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The vertical screen is often a trench filled with bentonite (a cut-off wall).
However, on numerous occasions, a composite sealing solution is adopted
using clay plus a geosynthetic screen in HDPE, which has the advantage
of providing the complementary impermeability of the two materials. In
addition, the geosynthetic screen will tolerate desiccation and lateral
movements without cracking.

Also worth noting is the French system (Photo 16) (Violas, 1993) for
making continuous cut-off walls to a depth of 6 metres, and using a
sealing+drainage composite up to 15 cm thick. For example, the outer
sheet, a geomembrane, is associated to a granular layer + geotextile, the
polluted water is drained and, at the same time, the contaminated soil is
isolated. The system installed in this case is a ggomembrane, with a gravel
layer for drainage and a geotextile filter.

Another potential source for concem is all the disposal sites for industrial
residues which are subjected to constant percolation by rain water. Two
examples in France will be examined where surface liners have been
installed on such deposits: the first example concems a mining tip in
northern France (Photo 17). There was a risk that the soluble salts in
these mineral processing residues would be leached by rain water. To
avoid such pollution, the top part of the dump was flattened in 1986 and
the site was covered by a 3.9 mm thick bituminous geomembrane. The
geomembrane is anchored by means of welded geotextile sheets in
regularly spaced longitudinal trenches on the top part of the dump to
make it resistant to winds (160 km/h). The slopes have been lined in the
same way and turfed using 0.10 metre-thick mattress-gabions placed on
a geotextile.

The second example concemns a section of the A22 motorway between
Lille and Gent. In 1990, twenty years after it was constructed, this
motorway became a talking point when traces of hexavalent chromium
appeared at the bottom of the embankment. This chromium constituted a
slight health hazard if it came into direct contact with the skin. The
contaninated fill used for the embankment had been chosen because
northern France does not have rich resources of fill material. It was
decided to line the slopes of the embankments and the central reservation
with a bituminous geomembrane. On the slopes, the geomembrane is
covered with a draining geotextile (750g/m2) and a mattress-gabion.
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Fig. 19. Protection of the ground water under the A 96 highway
embankment by a geocomposite clay liner (Germany)
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Fig. 18. Remediation of a site by vertical screens



Storage Of Liquids

A third application of pollution control is the storage of liquids.
Drinking water storage

Let us first look at the case of storing unpolluted water. There is a

considerable market for man-made lakes for leisure activities, such as at
the Poiiiers Futoroscope or the Marrakesh golf coursc in Morocco. In

Photo 17. Liner for a mining 1ip in the North of France

Photo 18. Large Reservoir of water with a geomembrane liner
(Barlovento, Canarias)
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some cases, technical problems are more difficult to solve, such as in the
case of the Sete canmal, where it was decided to build a car park
underneath the canal. The car park and the floor of the canal were
therefore scaled with a geomembrane.

Another major application of a similar type is drinking water reservoirs,
first with rigid structures like the one in Meylan, near Grenoble, France.
The main technical problem with such projects, where the geomembrane
is used to seal a concrete surface, is the multiple weld connections and the
method of fastening the sheets to the concrete or other support, which is
subject to expansion-contraction cycles. Because of these fluctuations, a
continuous bonding system cannot be used.

In the case of drinking water reservoirs, the geomembrane must be given
a certificate of approval for contact with drinking water. The test involves
several analytical experiments (there must be no loss of plasticizers or
antioxidants) and the dreaded taste-test carried out by professional
tasters. Not all polymers are suitable. There are PVCs and polyethylenes
which are of "food-quality”.

A question which is currently being asked is whether the certificate
should be required for all water storage facilities (upstream liner of a
storage reservoir) or simply where the area of polymer in contact with the
water is large in relation to the amount of water stored. Canals are also
concemed. There is a wide variety of applications, with flexible reservoirs
(40 000 litre capacity for remote areas) (Nalpas, 1993), or large
reservoirs placed in earth excavations. In this case, some of the problems
are the same as those encountered for landfills: the bottom geomembrane
must be able to withstand deformation caused by the supporting
medium. Proper drainage must also be incorporated to avoid problems
of rapid emptying linked to the frequent variations in water level.

The Barlovento reservoir in the Canary Islands (Photo 18) is quite a good
example (Fayoux, 1993). This reservoir, with a surface area of
80 000 m2 and slopes totalling 170 000 m2 was completed in 1975, with
a liner barrier of compacted clay. However, the number of leaks quickly
became unacceptably high and it was decided to install a geomembrane
liner. Work commenced in 1991. Taking into account the nature of the
supporting medium and its heterogeneity, the geomembrane was
required to be able to withstand settlement of 1 metre and significant
differential settlement (water depth 27 m). The material selected was
PVC, in particular because of it ductility (§2.2.4). Starting from the clay
bottom, the sealing structure was made up of a non-woven geotextile
(500g/m2), a drainage layer (8/100) 0.40 m thick, a non-woven
geotextile (500g/m2), a 0.10 metre-thick layer of sand , a non-woven
geotextile (280g/m?2) and a geomembrane (1.5 mm).

For the slopes, with a gradient of 2.75H:1V, the cohesionless layers were
not used for reasons of stability. The drainage layer is of foam mortar
and the geomembrane is of reinforced PVC (1.5 mm) anchored at 4
intermediate levels.

The applications in this field are numerous and extremely varied and the
areas concemed are often very large like the huge aquaculture reserve in
Dipasena, Indonesia, devoted to shrimp farming.

Storage of polluted water and other liquids

A first major application concemns stormwater basins or retention basins,
which are now often constructed at the same time as multi-lane highways.
They are designed to collect rainwater running off the road pavements.
This is necessary because vehicle exhaust fumes contain a variety of toxic
products. For example, for 1 km of road and 10 000 vehicles per day, it
is estimated that in one year one tonne of material is deposited, including
300 kg of COD, 2.5 kg of zinc, 1 kg of lead and 5 kg of hydrocarbons.
The solution most generally adopted in France at present is a VLDPE
(very low density polyethylene) geomembrane with 10 cm of gravel
protection. One problem posed by such structures is maintenance. The
geomembrane has to be protected even though plans would have to be
made for its replacement after a reasonable period of time (10 years, for
example). The hydrocarbon resistance test, not yet standardised, is
difficult to administer in that it is not yet known what concentration
should be used: should the most critical case of a tanker overturning on
the motorway be used?

Because of the problem of hydrocarbon pollution of the motorway
environment, it has also become increasingly common to directly protect
the groundwater table when a motorway passes through a sensitive area.
An example of such protection in the form of a geocomposite clay liner
under the A96 motorway, embankment near Munich is shown in
Figure 19 — (Schmidt). In France, the mineral water companies (Vittel,
Evian) have also invested heavily in order to protect their springs by
sealing, in particular, the foundations of motorways and vehicle parking
areas in the areas concemed.

Industrial installations also frequently use geomembrane liners. In this
type of application, the compatibility of the geomembrane with the fluid
o be stored must be tested in each individual case. At present, HDPE has
proved to be the best mulli-purpose material.



Rectention basins are used for all chemical industry sites. In France, these
basins are called Seveso basins in memory of the Italian chemical
disaster. They must be capable of storing all the liquid effluent from the
plant plus any water or other fluids used in the event of a fire. A certain
number of countries also recommend lining the foundations of reservoirs
used for storing chemicals. GCLs are often used in such cases.

In all the applications mentioned above, the liner has an often incidental
protective role. There are also applications where the liner will be in
almost permanent contact with the stored liquid. As in the case of
drinking water reservoirs, such basins can be either rigid or flexible.

As an example of a gcomembrane on a rigid structure, let us look at an
application in Shanghai, China. The Shidongkou Power Plant requires a
large supply of water for periodic cleaning of the facility. The waste
waler is treated in retention basins before being released back into the
Yangtze river. Each of the basins is protected by an HDPE liner. The
problem of welding, particularly in the comers, was examined (Neal,
1993).

Among the flexible structures, mention should be made of waste
stabilisation ponds, uscd for aerobic treatment of waste water. Such
installations have become increasingly popular in recent years, with a
total of 1800 in France in 1986 (Bemhard and Kirchgessner, 1987).
These structures are modest in size, each treating waste water for an
average of 500 inhabitants. The facility generally comprises two lagoons
in series, one microphytic and the other macrophytic. The discharge rate
for a population of 500 is 50 m3/day. If the foundation soil is not
sufficiently impervious (permeability K < 10-8m/s) a geomembrane
(bituminous HDPE, PVC) on a protective geotextile with a drainage
function is recommended.

A lot of industrial facilities also use this waste stabilisation technique to
treat effluent, generally with an aeration tink and a sedimentation tank.

Filtering Barrier

Alongside these developments, applications using geomembrane floating
covers have also developed, with two main types of use:

- protection of water resources in reservoirs from evaporation,
contamination and algal growth (Hollander and Neilson, 1993),

- waste water treatment in anaerobic digesters (fermentation by micro-
organisms) (Taylor and Schader, 1993). This method is an alternative to
more expensive reinforced concrete digesters.

Since the cover comes under a great deal of strain it has to be
meticulously designed. The geomembrane must meet certain qualitative
recquirements: floatability, high flexibility, chemical resistance or
compatibility with drinking water storage, warranty for extended
weathering, low coefficient of expansion-contraction. Thermal protection
can be integrated in the design in the form of polystyrene boards
(Bogaard, 1994).

To conclude this list, mention should be made of large-scale dredging
and reclamation operations in coastal waters, which lead to the dispersion
of a tremendous amount of mud and silt, constituting a danger for the
marilime ecological system. Geosynthetics can be extremely effective in
such situations.

Floating silt curtains (Photo 19) are used to control the arca of turbidity,
prevenling the suspended solids from spreading over the sca. The curtain
is a filler barrier. The cunain should be suflficiently permcable to allow
water 10 flow through the barrier while at the same time trapping the
particles of soil. A laboratory study in an open channel is presentcd by
Kano ct al. (1987) (Figure 20). The mechanical propertics of the curtain
arc also important. The main components of the curtain are the floats, a
geotextile sheet acting as a filter and reinforced, for instance, by geogrids
o provide tensile strength and bending stiffness (Kano et al.,, 1987),
(Houki).

Dredged soils are very often used for hydraulic backfill, especially in
South-East Asia. Land reclamation works of this type require
cmbankments to mark the limits of the fill area. Such embankments are
provided with gcotextile filters. If the dredged material is very polluted, it
can be purified in isolation and the embankments lined with
gecomembranes.

EROSION CONTROL

We shall now cxamine the ncxt main subject after pollution control,
which is that of crosion control. Erosion problems can be classified
according to conditions:

- rain crosion for slopes,

- torrential crosion and river crosion,

- sca crosion [or all sea shores, and

- wind crosion, mainly for dunal or desert areas.
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Fig. 20. Modelisation of the behaviour of a floating silt curtain (Kan et
al.. 1993)

Photo 19. Floating silt curtain in a dredging work
Rain Erosion Control

Erosion mechanisms

Erosion problems represent an economically very important factor in all
agricultural countries since erosion carries away rich top soil containing
the organic compounds needed for crop growth. The problem also
includes that of slope stability, since an eroded slope is more susceptible
to instability. This is also an aesthetic problem: erosion is more likely to
attack cut-and-fill works and can often disfigure the countryside. The
design of any civil engineering works must take into account erosion
risks in order to meet the approval of the ecologist lobby.

Soil mechanics engineers are often not at all familiar with the
mechanisms of erosion. A brief review of the basic principles is given
below in order to better demonstrate the advantages of geosynthetics.
The universal equation of rain erosion (USLE) is presented here (Figure
21): the "erosivity” relates to the action of water, while "erodability”
relates to the susceptibility of a type of soil to erosion. Although it has
been contested, this formula does indicate general tendencies. The
parameters are determined by referring to standard test parameters. The
soil loss by erosion, Me, is determined (Hencnsal, 1587).

The first action of watcr - and ofien the main action - is the splash effect
of a water drop on the ground surface. This impact detaches the grain of
soil. By absorbing most of the impacts, the vegetation of a slope forms
the best possible protection against this type of rain erosion, by
comparison with bare soil. When a drop of waler arrivcs on the ground, it
releases kinetic energy proportional to the mass of the drop (constant
free fall velocity). As a result, the soil particles on the slope are detached
and projected over a certain distance and the soil is also compacted on
the surface. A crust, less permeable than the soil, forms and the presence
of this crust will increase runoff (Zaslavsky, 1981).



Equation of the soil loss M. :
(Wishmeier - Israelsen)
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Universal Soil Loss Equation for

Figure 21 :
erosion

Moreover, as the gradient of the slope increases, there is a reduction in
the nommal component of impact force and thus a reduction in particle
detachment by splash effect.

The other destabilising agent for grains of soil is runoff. Flowing water
essentially carries the particles detached by splash effect, if one excludes
the case of concentrated flows causing rill and gully erosion, where flow
velocity can be very high. Such concentrated flows form at the same time
as the appearance of turbulence.

Hjulstrdm (1935) correlated detachment of soil particles with the speed
of runoff: the minimum speed necessary is very high for clays, because
of their cohesion, while it is at its lowest for silts (200 pm) and then
increases with the size of the particles (Figure 22).

Few geotechnicians have investigated this subject. Thus, as far as the
erosion mechanism is concemed, the parameter of runoff speed is most
often used rather than the shear stress at the interface. Consider the
problem of a sheet of water (flow rate Q) on a slope with an angle 6, as
shown in figure 23. The shear stress at the interface 7o is determined.
Nascimento (1981) shows that the critical shear stress 1t is much less than
that given in Coulomb's law. It also decreases with the duration of the
ﬂg;vg.)in other words as the soil becomes more saturated (Sanders et al.,
1 .

The geometry of the slope, as shown in the universal formula USLE, also
has a major influence: the longer the slope, the greater the soil loss for a
given slope. But topographical influences are complex since, as discussed
above, the splash effect decreases as the gradient of the slope increases.
Rowlison (1971) used a diagram to show the variation in the surface area
affected by grain detachment through splash effect as a function of the
slope and the height of the sheet of water running off the surface: splash
erosion becomes negligible when the thickness of the sheet of water is
greater than three times the diameter of the raindrop.In the USLE
formula, the last parameter C relates to the cover of the slope. It is known
that vegetation has a positive role in preventing erosion:

hgt reduces the erosive velocity at the soil surface by interfering with
W,

- it protects soil against the impact of rainfall,

- where root structure is concemed, it stabilises soil particles close to the
soil surface,
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- andrfit helps increase water infiltration, with a resulting decrease in
runoff.

This last point concerning water retention by the earth is important, as
shown by Nassif et al., 1975 in their laboratory experiments: infiltration
decreases with rainfall duration, but it does not stop completely as in the
case of bare soil covered by an impermeable crust (figure 24).

The problem as far as vegetation is concemed is that a critical period is
necessary initially for plant growth. This will obviously vary from one
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Photo 20. Geomat for erosion control
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place to another, but it has been estimated at two years. During this time,
the plant cover is not only unable to fulfil its erosion control function,
but its development can be compromised by climatic events. To improve
stability during the germination period, surface materials are made
cohergm by means of emulsions, such as bituminous emulsions (Colas et
al., 1976).

The use of geosynthetics

The aim of solutions involving the use of man-made solutions is to
compensate for the inadequacy of the vegetation during the period of
transition, estimated at two years. A certain number of geosynthetic
structures have been suggested for this purpose.

* A geomat (Photo 20) is a non-woven, loosely structured geosynthetic
material with large fibres. Geomats can be reinforced at their base by
geogrids in order to improve their tensile strength. The pores of the
geomat can be filled with seeds (hydroseeding, etc.). A geomat acts in the
same way as a natural root system: the soil is partially trapped in the
geomat structure. The geomat also protects against splash erosion.

However, the geomat must be properly nailed to the slope in order to
minimise the tensile load in the upper part of the geomat through a
friction effect. Nailing also helps to make full use of the drapability of
the geomat, i.e., its capacity to fit the slope so that there is close contact
between the geomat and the soil. This limits run-off under the geomat
and thus helps prevent the formation of rills.

Examples of applications on slopes above 45° can be found in the
literature.

Following the same concept of using geosynthetics as a substitute for
root networks, Japan has carried out experiments on a large scale: a
mixture of continuous fibres, soil and seeds is nailed to a slope, as in the
French process for reinforcing sand.

*» Geogrids are designed for confinement and resistance to slip. However,
their “tensile strength may be lower than that of geogrids used for
pollution control.

« Biomats are mats (or sometimes grids) consisting of natural fibres (jute,
coir, etc.). They are often used in conjunction with synthetic woven
materials in order to improve their tensile strength (Ranganathan, 1994).
Natural fibres are composed of cellulose and lignin. The large amounts
of water and moisture absorbed by the natural fibres during rainfall are
slowly released into the soil and to the plants to promote plant growth
(cellulose is hydrophilous whereas lignin is not; but contrary to jute, coir
is very ligneous). The natural fibres are biodegradable over time and the
product of the degradation provides a supplementary food source for
plants.

The problem lies in the need to obtain stable vegetation before the
g;%rg)at degrades, which happens after a maximum of two years (Gunkel,

1 .

» Geocells are designed to confine the surface layer of soil but they do
not protect against splash effect. It is preferable to use them in
conjunction with a geomat. Photo 21 shows that there may also be a risk
of erosion under the geocell. The geocells were used on the
embankments of a new railway in Gabon. Before vegetation had time to
take root, heavy storms ravaged the slope: the mistake here was to place
the geocells on gullied ground where the runoff reactivated these
preferred flow channels.

This geocell technique has often been used to cover geosynthetics on
steep slopes, that is where there are low friction conditions at the interface
(basins with geomembrane liners, soil-reinforced retaining structures with
geotextile facing) (Puig et al., 1986 - Brouard et al., 1993).

Few comparative studies have been conducted on the different methods
used. An experiment documented in the literature involves a number of
different methods used on a slope. The effectiveness of each method is
evaluated according to soil mass loss resulting from splash effect and
runoff (Cancelli et al., 1990) (Figure 25). A slope subjected to direct
rainfall (splash effect) or runoff is modelled and the eroded soil mass is
compared for each geosynthetic technique used. In these test conditions,
splash erosion is less significant than runoff erosion, although this-is
generally true only at the bottom of a long slope. Obviously the test is
carried out on bare soil before any vegetation has taken root. In such
conditions, the biomat covering the surface is found to be the most
effective solution for combating splash effect.

In these test, geocells with small honeycombs proved to be more effective
than geomats.

It is not possible to draw definite conclusions from these experiments, but
the concept of the experiment itself is interesting. A fairly comprehensive
review of available literature on this use of geosynthetics has led to the
following provisional conclusions: geosynthetics have illustrated their
efficiency but the conditions of application are extremely variable and, in
preparing the dimensional design of an erosion control system, it would
still seem impossible to use a more "universal" formula than the false
universal formula presented earlier for slope erosion.



Photo 23. Historical dam of Valcros

: experimentation of different
erosion control systems
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Photo 24. Geomattress for canal protection

Thanks to the variety of their structures, geosynthetics can be adapted to
all problems. It is the job of the civil engineer to take more of an interest
in this most promising application area.

Establishing vegetation on slopes falls within the realm of bio-
engineering. The term biotechnical engineering could be used, with joint
contributions from the civil engineer and the botanist. An altemalive to
shotcreting or wattling might then be easier to find. This latter technique
is often used for steep slopes and can make use of geotextiles instead of
branches and other vegetation. However, it has been shown that for
embankments more than 20 m high, wattling is not elfective against
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runoff.

The field of application is huge and goes well beyond the traditional
problem of road embankments. It includes, for example, former quarries,
open-cut mines and, in mountainous regions such as the Alps near
Grenoble, ski-runs. A ski run is in fact a series of cut and fill sections.
The first problem concems aesthetics: once the snow melts in spring, the
bare ski runs are an eyesore for the many hikers, as shown on the photo
of Les Arcs ski resort (Photo 22). Moreover, a ski run without any plant
cover is susceplible to erosion and will not therefore achicve a natural
plant cover. It has been proved that a grassed and planted ski run
supports the first layer of snow much better and, what is more, this snow
will last longer.

Experiments with a thick plant cover, with a mixwre of mud, straw,
fertiliser and seeds, are currently in progress, but geosynthelics can be an
interesting alternative (Dinger, 1987).

Torrential, River And Sea Erosion Control

Torrential erosion

A torrent is generally distinguished from a river by its steep slope, its
frequently high solid load and the nature of its bed, which is coarse-
grained and spread over a wide area

Torrent erosion control implies not only dealing with the problem of
erosion in the catchment basin which feeds the torrent, but also fixing the
stream bed and reducing the velocity of flow (Borges, 1993). Different
geosynthetic solutions have been tried out in the Alps: installing
geosynthetic gabions to protect the bed, nailing a geosynthetic mat to the
bed, structures to correct the torrent (small dams in geotextile containers)
designed to check the flow velocity (Jacotot, 1994 - Faure, 1988).

River erosion

Numerous studies and experiments on the protection of canal and river
banks, and even sea shores, have been conducted, especially in Germany,
the Netherlands, France and Great Britain. The mechanisms involved can
be considered to be somewhat similar in each case, but there are
differences in the level of stress:

a) Tangential stress in the direction of the current: the mechanism is
similar to that described above, due to torrent flow, but flow velocity is
lower and there is less turbulence.

b) Stress due to variations in water level (lapping): essentially this
involves the quasi-static or dynamic effect of waves at different points.
On one hand, perpendicularly to the bank, the result is a differential
pressure mechanism between the bottom and top of the surface layer of
the bank, while on the other hand, along the slope, the result is a run-
down mechanism.

The historic Valcros dam (Giroud et al., 1977), which was the first large
earth dam to incorporate geotextiles, can be used to illustrate the wave
lapping mechanism (b). It should be remembered that large reservoirs
can be subjected to waves of significant size. The wave height depends on
the length of the body of water (in metres, about 0.7 times the width of
the basin in kilometres).

The traditional system for protecting banks involves placing a layer of
rip-rap on a granular filter layer. A two-fold experiment was conducted
at Valcros: a geotextile filter, with or without rip-rap on top of it, was
substituted for the filtering layer. The geotextile filter was effective in
performing its function. On the other hand, the elimination of the rip-rap
layer in one of the two zones proved a failure. Simply fastening the
geotextile to the slope was not sufficient to confine the underlying soil in
the same way as the rip-rap carries out this function by compression.
Photo 23 shows step type erosion of the bank in the zone subjected to
wave lapping effects.

During this experiment, it was observed that if the geotextile did not "fit"
properly to the slope, because of stretching or for other reasons, once the
n'p-raf;fa was placed erosion occurred under the geotextile as a result of
runoff.

The effect of waves can also be illustrated by the Ospidale dam in
Corsica, which was built in 1978. The upstream wall of this earth dam has
a bituminous geomembrane facing protected by a non-woven geotextile
of 400 g/m2 and a layer of self-locking blocks. During a violent storm,
ov:i 1?(9)33:;12 of blocks broke loose (Girard and Loudiére, 1984, Alonso
et al,, .

It can be seen, therefore, that the surface layer of blocks should be
designed to fulfil not only an energy absorption role but also one of
confinement (Voskamp, 1992). Systems comprising mattresses of
geotextile tubes injected with cement grout are also used instead of
blocks (Photo 24).

Laboratory experiments carried out by Delft Hydraulics in a wave flume
(Bezuijen et al,, 1986 - Breteler and Verhey, 1990) confirmed the
mechanisms involved: the uplift pressure is determined experimentally
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through the difference between wave pressure on the upper side of the
concrete blocks and the pore pressure in the subsoil. If the uplift pressure
is not balanced by the weight of the blocks, the blocks are potentially
unstable. As far as the geotextile is concerned, research is currently being
carried out on the opening size, thickness, transmissivity and permittivity
(Figure 26).

In the case of small canals and other waterways, mechanism (a) above,
linked to flow, is predominant compared with mechanism (b), linked to
lapping waves. The techniques using geomats, as discussed earlier with
regard to slope protection from rainwater (Ciria, 1987) can thus be tried
out successfully, even if the problem of strong flows, capable of
damaging the geomat during the initial phase preceding the
establishment of vegetation, still remains to be solved.

On the banks of the Gerlon in the Alps (Dubernard, 1991), the geomat
stood up well 10 a flood where flow rates reached 2.4 m/s (Photo 25). It
only became detached in one or two places.

Sea erosion

In this case, it is wave action which is responsible for erosion problems.
The energy level of the waves is very high. In France, experiments using
geomat protection have not proved conclusive, even in relatively
unexposed areas (Arcachon experiment - Girard, 1992). However
positive results have been obtained from experiments using geotextile
filters in association with protective blocks.

But geosynthetics have many other uses in the control of sea erosion.
One example is the works carried out in Camargue, France, to halt the
regressive erosion of the sand spit (5 to 15 metres per year). The
traditional technique involves installing groynes at regular intervals,
perpendicular to the coast. But these structures have a lifespan of no
more than three years, by which time they are completely scoured away
at the bottom. When a woven polypropylene geotextile is installed at the
bottom of the breakwater, the weight of the breakwater can be better
distributed on the sandy foundation and the lifetime of the breakwater is
thus increased.

An experiment was also conducted to test synthetic algae ficlds made up
of strips of polypropylene attached to a geotextile. The algae were spread
out in front of the groynes. The idea was to reduce the speed of the
current so that the grains of suspended sand would settle. After
18 months, a covering of sand between S and 50 cm had formed and the
algae had been colonised by crustaceans and fish (Gieulles, 1990). An
another experimental use of geotextile was recently proposed by French
Institute of Textile (Chatelin, 1995) : to stop the catastrophic growing of
a tropical algae (Caulerpa Taxifolia) in the Mediterranean sea, a
tg)eotexu'le sheet with polyacrylate copper included is unrolled on the sea
uttom.
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Container concept.

A technique often used in coastal defence schemes and other erosion
control applications is the container technique. The first industrial use of
textile containers can be traced back to the time of the catastrophic
floods in the Netherlands in 1955 (Photo 26). They were used both for
the banks and on the sea bed.

Research carried out at the IRIGM, University of Grenoble (Ratel, 1987)
on the crushing of containers with an initial circular cross-section showed
them to be very resistant.

The experiments described here were on containers of diameter
Ho = 0.20 m, made of woven geotextile and filled with fine sand. The
crushing force F increases very quickly with crushing AH. This variation
can be partially explained by the increase measured in the perimeter p, as
shown in the simulation in figure 27: assuming a constant volume for the
confined sand, which is an extreme case since the volume decreases when
the sand is confined, forced elongation € = 8% under ellipse deformation
is obtained for the geotextile for crushing AH/Ho =25%. The
confinement obtained by stretching the geotextile cover gives the sand
artificial cohesion. When the container technique is used, it is therefore
possible for earthworks to be carried out in places with only fine, non-
cohesive soil. It is simply a question of using stiff geotextiles, which are
resistant to puncturing and abrasion, to obtain adequate confinement, and
checking the filter retention criterion to ensure that "washing" of the
geotextile does not occur. The container technique, which is economical
and easy to implement, can be used to obtain flexible structures, a



Photo 26. hislozrica.l use of geocontainers in Netherlands (Voskamp,
1992)
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Photo 27. Sri-Lanka - Protection of the coast by sand-bags in place of
rocks

particularly useful attribute where coastal works are concerned. A great
many examples can be mentioned where this technique has been used:

- a very long breakwater formed by piling three geotextile cylinders on
10p of each other; the cylinders were filled with sand from the site and
the structure was installed parallel to the beach to be stabilised (Gieulles,
1990);

- near Le Havre in Franc=, cube-shaped containers filled with sand from
the Channel (Perrier, 1986);

- in Sri Lanka, sandbags were used to replace a rubble coastal breakwater
which was ineffective because of its sandy foundations (Von Maubeuge,
intern report) (Photo 27);

- in Poland, coastal defence works using transverse containers which
resisted a very violent storm in 1992 (Niespodzinka and Dembicki,
1993);

- in the Netherlands, containers were deposited in the Eider river from a
special barge to create uniform bed protection for the river lock (Von
Maubeuge, internal report, 1993);

- in the Camargue, France, during the catastrophic floods of 1993/early
1994 which burst the Figarés dam and flooded 13 000 ha of land,
containers used to stop the gaps were taken to the site by helicopter.

- containers can also have the parallelepiped shape of gabions, as used
for the quays in Nantes, or in this structure to correct a torrent in the Alps
(Faure, 1988) which uses woven geotextile containers filled with
compacted silt.

Wind Erosion Control.

Huge quantities of sand can be transported along beaches simply by the
action of the wind (15 m3/m of coast/year in the Landes, France, but
values of 160 m3/m of coast/year have been measured in Morocco)
(Migniot, 1978). For dry sand, it is estimated that the minimum wind
speed needed, at a height above ground z (m), for a particle of diameter
D(m) o be transported is:

V(mys) = 82.2 D log (30 z/D)

Air and ground humidity restrains this transport, as does vegetation, by
increasing the surface roughness and the apparent cohesion of the
ground.
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The two main types of wind erosion control involve measures which:

- reduce surface wind velocity

- affect soil surface characteristics (Baver et al., 1972).

The windbreak is a solution for reducing wind velocity. Figure 28 shows
the range of speeds behind a windbreak with a 50% opening density,
measured 40 cm from the ground (Bates, 1944). Geosynthetics could be
used in such applications, though their structure must be optimised
(Baudonnel, 1993).

In the same area, tests were conducted on a procedure to influence soil
surface characteristics. A mesh of non-woven biodegradable strips,
t\visteccil to create a three-dimensional geotextile, was rolled out on the
ground.

ARCHITECTURAL REGARD

The architecture of civil works is an important part of the environment.
Geosynthetics provide new means to enhance the appearance of
structures.

The artist Cristo led the way by showing how geosynthetics could be used
to change natural structures, as in the Bahamas, or man-made structures,
such as the Pont Neuf in Paris. Another artist, the American Robert
Smithson, considered to be one of the leading members of the "Land
Ant" group and who has also worked on large-scale earthworks projects
(the 500 metre-long "spiral jetty” which runs out into the Great Salt Lake,
Utah), has also demonstrated that civil engineering and earthworks are
not incompatible with the notion of Art.

Geosynthetics have already demonstrated their role in architectural
innovation; the geomat covered with vegetation in the big concert hall at
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Fig. 28. Wind-break - distribution of the wind velocity (Bates, 1944)



Bercy is one example. But the agsthetic qualities of earthworks, where the
first and major role of gessymheti'cs is functional, can also be
appreciated. Care must be taken, however, to avoid the effects of
weathering, which can lead to serious degradation of geosynthetics
exposed to sunlight.
It is in the field of retaining structures in reinforced soil that architectural
possibilities seem to be greatest (Gourc and Matichard, 1994). Using a
combination of concrete cells for facing (segmertal walls) and horizontal
sheets of geosynthetics for reinforcement, earth structures with a variable
slope, even with vertical facings, can be obtained (the architect is no
longer limited by the angle of the natural slope). The aesthetic value of
these structures is not negligible (photo 28: Brides-les-Bains in the
French Alps). Another possibility is to reinforce an earth structure with
an old-style wall as facing (photo 29: example from the U.K. by C. Jones
- 1993) or to combine soil reinforced by geosynthetics with a plant
covered facing (Smoltczyk, 1985): fixing of a gecomat with plant cover
on a slope of complex shape (EuroDisney in Paris), plant-covered
geomat placed behind a wire netting facing (Gripond, 1993).
Figure 29 illustrates, by means of two altemnative techniques, how the
plant cover concept can be integrated into the structure of a reinforced
earth structure: above, using metal facing components (Herisau, 1992),
below, using geogrid sections. In the latter technique, the facing is
watered by a system of small horizontal pipes fixed to the wall (Thielen
and Collin, 1993 - Ratel, Intern Report). Increased ecological awareness
over recent years has opened up a considerable market for the use of this
type of structure as a noise protection wall: a facing with plant cover is
always preferable to a concrete facing. From the point of view of
efficiency as a sound insulator, the facing will have no effect on the
transmission of sounds, as this depends on the mass of the earth structure
(figure 30), but may have an effect on the absorption/reflection
proportions, a porous facing being more absorbent (Cetur, 1987).
Research should perhaps be undertaken to exploit the structural
}ler_satility of geosynthetics and determine the most absorbent types of
acing.
A sand wall reinforced with continuous filaments may also be used as a
substitute for concrete facing (Blivet, 1993). In Nommandy, for example,
the foundations of a charming church were threatened with damage from
a landslide. Protection for the foundations was then provided not by a
glorl;crgte wall but by a wall of sand reinforced with continuous polyester
ads.

PROTECTION BY ENERGY ABSORPTION

The capacity of a soil-geosynthetic composite to absorb energy has been
rarely used to date. Worthy of mention are the protective barriers used
for reserves of explosives or the rock barriers in mountainous terrain
where rockfalls are a constant danger to motorists and highway facilities.
Thus, at Aigue Blanche in the Alps, the laboratory of the French
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Highways Department (Ponts et Chaussées) has conducted experiments
with this technique by building a protective earth barrier, 7m high and
1000 m long, with geotextile reinforcement and with a facing of truck
tyres on the side exposed to rockfalls. The height of the protective
barrier was determined following studies on the trajectories of falling
rocks (Rochet, 1987). Given the lack of valid methods for sizing
protective structures, the laboratory (LCPC) at Nantes (Lepert and Corté,
1988) conducted a study in a centrifuge on the effect of impact. An
experimental full-size rock barrier wall was also tested in Colorado
(Burroughs et al.,, 1993). Rocks varying in size from 0.6 m to 1.8 m
diameter and weighing up to 80 kN were rolled down a 180 m high
incline into the barrier which was 1.82 m thick, 3.05 m high and made of
reinforced soil. Figure 31 shows the deformation measured on the front
and back faces for the various rock energy levels. For high energy levels
there is a dramatic increase in deformation with a small increase in
energy.

IMPROVEMENT OF THE DOMESTIC ENVIRONMENT

The use of geosynthetics has developed in the field of civil engineering,
mainly in the area of hydraulic and highway infrastructure. However,
there are numerous applications, which are economical and easy to
implement, which could be promoted to enhance the domestic
environment of the individual. A few examples are examined below.

The first example, documented by Mylnarek (1993), is the subject of
research conducted in Montreal, Canada. It involves the use of non-
woven geotextiles as treatment materials in domestic wastewater soil
disposal pits (septic tanks): the rate at which micro-organisms in
wastewater become attached to solids is proportional to the solid surface
area available. With time, the bacterial microcommunities form a
biological mat and reduce the hydraulic capacity of the treatment system.
However, the mat is also necessary for the biological treatment. A full-
scale wastewater treatment experiment is described (Figure 32): in the
conventional trench (gravel/sand), a permanent water level is observed
(ponding), indicating clogging, while with geotextiles this is not the case.
In general, the water quality obtained after using geotextiles is reported
to be excellent. Thus, the very high porosity of geotextiles along with
their considerable contact surface area allow the development of a
beneficial biofilm. They can thus be considered a good support for
bacteria. Further research is needed, however, into controlling the rate of
growth of the biomass so as to avoid total clogging of the filter. A
balance is therefore difficult to achieve and biological clogging may
occur for example in the leachate collection systems (Koemer, 1990), in
acrobic and anaerobic states, for municipal waste landfills. Thus, Brune et
al. (1991) reported the formation of hard, insoluble deposits in the
drainage systems, known as incrustations, with very high clogging rates
for certain leachates.

Another geotextile application, used in the Netherlands, is in soil
covering systems to provide remedial action in contaminated housing

82

l Influent

@—— Distribution Pipe

Geotextile ——

Geomembrane and
Geotextile

Sand = Collection Pipe
._.__(Wrupped with
Geotextile)
Effluent

Fig. 32. Waste-water treatment experience (Mlynarek, 1993)

Groundwater level

Geomembrane

i
Si'l) soil

iyl

—

SR b
Drain Filter geotextile

Rooths

‘ . Geomembrane

Fig. 33. Geosynthetics against desiccation  process (Cebtp, 1991)

areas (Yland et al., 1988). The upward migration of pollutants can occur
through the movement of moisture and gas in the soil. A soil covering
system can use geotextiles and geomembranes to prevent pollution from
reaching the foundations. Von Maubeuge et al. (1993) suggest installing
a radon barrier undemeath houses.

The CEBTP (1991) in Paris has also suggested using geosynthetics to
combat house foundation problems arising from drought (Figure 33).

Leflaive (1993) proposed a geosynthetics technique for burying private
liquid gas tanks, normally installed at ground level without any covering
to facilitate heat exchanges but making them an eyesore. The proposed
solution reconciles the mechanical and thermal requirements thanks to a
geotextile with sand-filled double facing.

Another potential application is for the insulation of large gas tanks.
French law authorises the construction of dwellings only at a distance
greater than 950 m from such tanks when left unprotected, but this
distance is reduced to 150 m if the tank is protected. There is
consequently an incentive to provide protection. Photo 30 (Cognon,
internal report) shows the construction of a thermal insulation system
consisting of sand reinforced with continuous fibres one metre thick
placed around the gas tank. The reinforced sand has low thermal
conductivity, 5 to 8 times lower than that of a continuous medium such
as concrete. The insulated tank was subjected to a flame test for 75
minutes: the surface tempgrature was 1000°C. At the end of the test, in
only a 5cm thickness of sand had the fibres melted (260°C). The
temperature of the tank side had not increased by more than 5°C.
Finally, a rather special application is worth mentioning, related to the
relatively recent public awareness in many countries of the importance of
conservation of cultural heritage. In this field as well, the geosynthetics



Photo 30. Protection of a gas tank by a layer of sand-continuous
filaments (Cognon, 1994)

Photo 31. Conservation of cultural heritage :Historical site of Mari
(Syria) - erosion of the earth walls

technology can make significant contributions and also benefits from a
good public image. To our knowledge, two teams in the world have
already added the geosynthetics technology to the other techniques for
preserving archaeological digs:

* The Grenoble School of Architecture has attempted to use geotextiles
to reduce erosion of earth structures in Syria. Discovered in 1934, the
Mari site is one of the main vestiges of ancient Mesopotamia (3000 years
BC).A lateral geotextile lining mixed with earth should prevent
capillarity-induced erosion at the base of the wall. A capping
geomembrane prevents rainfall infiltration at the top (Bendakir and
Vitoux, 1993) (Photo 31).

« The Getty Conservation Institute in USA is restoring Chaco sites in the
State of New Mexico. These sites date back to 900 BC. Different types of
geotextiles are used for site drainage and sealing (Demas et al., 1993).

GEOSYNTHETICS AND ECOLOGY

A lecture on geosynthetics and the environment would not be complete
without mentioning the ecologist’s viewpoints. Geosynthetics participate
in conserving the earth's natural resources, first by providing
replacement materials for increasingly scarce natural materials such as
gravel and other quarry materials, and secondly by allowing productive
use to be made of certain waste products: used in association with wom
tyres for reinforcement purposes (Long, 1990), reinforcement of
embankments made from bottom ash (from waste incinerators), in the
UK (Jones, 1993), or in France (Photo 32). Untreated waste can even be
used as a replacement for geosynthetics with, for example, reinforcement
being provided by sheets of plastic bags (Gielly, 1989), or use of blocks
of plastic waste as a substitute for polystyrene blocks.

According to a recent study carried out by French Environment Agency
Ademe, in France plastics represent 11% by weight of all domestic
wastes. Use of reclaimed plastics to make geotextiles gives these products
an excellent public image. Indeed, the textile industry has just recently
taken up this challenge (Benson and Khire, 1993). For several years, the
polyethylene tetraphthallate used in the manufacture of American fizzy
drink bottles is being recycled as a textile for clothing ... or for
geotextiles. More recently, PVC, which is the predominant material used,
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especially in France, for mineral water packaging, has followed the same
route. The “neo-plastic” is still more costly to make than the original
product, the main obstacle to recycling being the cost of initial sorting of
plastics which are often incompatible.

Finally, we must face the fundamental question for an Ecologist: “Is the
burying of plastics in the soil compatible with our concemn for the
environmental?”: geosynthetics can benefit from the fact that plastics,
widely used in the food industry, have the experience of stringent tests.

. The polymers involved are said to be inert. consequently, their presence

in the soil should not create any problem. It is therefore only the impact
of additives that has to be assessed, and more particularly the effect of
anti-oxidants. In view of their low concentration, their slow rate of release
into the natural environment and the small proportion by weight of
geotextile compared to the mass of the surrounding soil, the risk is
considered to be minimal.

It is not totally unthinkable to consider proposing an Ecolabel at
European level, like for clothing textiles (brought in 5 years). The
Ecolabel considers the impact on public health of the entire
manufacturing process and then service life of the product until its
disposal.

Photo 32. Embankment in bottom ash reinforced by tyres and
geotextiles (Alps - France)
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