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J.P.Colmanetti &E.M.Palmeira— University of Brasilia, Brazil

ABSTRACT: T his paper presents the results o f large scale filtration tests using domestic w aste and different granular and synthetic
filters. The granular filters consisted o f sand and gravel layers installed at the bottom o f the testing cells, underneath the waste mass.
Two types o f non woven geotextiles w ere used as synthetic filters in conjunction w ith gravel layers. The leachate flow rate w as meas
ured throughout the tests as well as its chemical composition and waste temperature. The results obtained showed that the synthetic
filters behaved satisfactorily for the conditions and duration o f the experiments.
RÉSUMÉ: C et article présente des résultats d ’essais de filtration de l'échelle teste utiliser les ordures. Types différents de drains
granuleux et synthétiques ont été utilisés. Les filtres granuleux ont consisté en couches de sable et gravier installées dans le fond des
cellules sous la m asse des ordures. Deux geotextiles non tissé que les ont été utilisés comme filtres synthétiques avec couches de
gravier. Les lixiviat coulent le taux a été m esuré pendant les épreuves, aussi bien que sa composition chim ique et température. Les
résultats ont montré que les systèmes de drainage se sont bien comportés pour les conditions et durée des épreuves.

1 INTRODUCTION
Appropriate waste disposal is a major concern in large cities
throughout the world. The lack o f space close to the urban cen
ters has caused the optim ization o f landfills, some o f them
reaching very im pressive heights. For a good perform ance o f the
landfill and the minim ization o f environmental damages good
lining and drainage systems are required in this type o f work.
Regarding the drainage system, its is necessary that it behaves
satisfactorily throughout the life tim e o f the landfill, w ith m inor
or no clogging o f the filter, to avoid leachate accumulation,
which increases the leakage rate thorough holes or higher per
meability spots in the lining system. Synthetic materials have
been increasingly used as filters because they are easy to trans
port and install and are cost-effective w hen com pared to the use
of natural materials in m ost o f the situations. However, little is
known on the long term performance o f these m aterials when
subjected to the flow o f leachate and under aggressive environ
mental conditions.
Some studies can be found in the literature on the behaviour
of geotextiles w hen subjected to leachate flow (Cancelli and
Cazzuffi, 1987, Cazzuffi and Cossu, 1993, K oem er and K oem er,
1990 and Fourier et al. 1994, for instance). In these studies the
geotextile is subjected to direct and steady flow o f leachate
similar to tests to determ ine geotextile normal permeability. Cor
coran and Bathia (1996) carried out tests on geotextile specimens
exhumed from a landfill and observed a reduction o f geotextil
permittivity by a factor o f approximately 10 times. Palm eira and
Gardoni (2000) presented a state-of-the-art review on geotextile
filter clogging mechanisms.
This w ork presents a laboratory study on the performance o f
granular and synthetic (geosynthetics) filters using real domestic
waste in direct contact with the drainage system, in contrast to
the conditions to w hich the filter is subjected in m ost o f the ex
periments reported above.

2

EQUIPM ENT AND M ATERIALS U SED IN THE TESTS

To study the filtration behaviour o f natural and synthetic filters
in contact with domestic waste 4 large testing cells were assem
bled. The cells are rigid steel tanks 580 m m in diam eter and 815

m m high. Figure 1 shows the characteristics o f the tests per
formed. In cell P m l the drainage system consisted o f a gravel
layer at the container bottom. Cells Pm 2 and Pm3 had drainage
systems consisting o f gravel layers w ith non woven geotextiles
covers. A sand layer overlying a gravel layer was used as drain
age system in cell Pm4. W ater could be added to the w aste sam
ple in the form o f uniform pluviation by a feeding system con
sisting o f a rotating perforated PVC tube at each cell top. This
system allowed an uniform distribution o f the water on the sur
face o f the waste sample. Tem perature o f the waste was also as
sessed during the test by m eans o f tem perature transducers. A
leachate collection system at the base o f the perm eam eters al
lowed the measurem ent o f leachate flow rates. A general view o f
the cells during testing is shown in Figure 2.
The waste used in the experiments came from the same
source and w as mixed prior to sample preparation to obtain uni
form and repeatable samples in the four cells. The waste was
lightly compacted, yielding to a density o f 827g/m3. The waste
sam ples w ere compacted in layers o f 20 cm in height and the
compaction accomplished with the use o f a weight o f 79.2N fal
ling from a height o f 53 cm. Table 1 presents the composition o f
the w aste used in the experiments. M ost o f the waste m ass (82.3
% in w eight) consisted o f organic m atter to favour the observa
tion o f filter behaviour in contact w ith high levels o f organic
matter. The average moisture content o f the waste was 58%. The
average mass o f waste in the cells w as 193 kg.
Initially the leachate coming from the cells w as due to the
original m oisture content o f the w aste plus the decomposition o f
the organic matter. A fter approximately two months the leachate
flow rate estabilised in a very low value and distilled water be
gan to be added to the sample top as described above and the re
sponse o f the system continued to be monitored. Chemical
analyses o f the leachate with tim e w ere also carried out as part o f
the research programme.
The materials used in the granular layer consisted o f sand and
gravel. Figure 3 shows the grain size distribution o f the granular
materials and Table 2 presents additional characteristics o f these
materials.
Two types o f non woven, needle punched geotextiles, m ade
o f continuous polyester fibers were used as filter materials. Ta
ble 3 shows physical and hydraulic characteristics o f these geo
textiles. Geotextiles GA and GB were produced by the same
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Table 2. Charactmstics o f the granular filter materials.
Gravel
Sand
0.25
9
Dio (mm)
0.76
13
D;o (mm)
2.70
18
D u (mm)
1.44
3.04
CU
2.75
2.73
G
Note: D„ = diameter corresponding to n% passing, CU = coefficient of
uniformity and G = soil particle specific gravity.
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Table 3. Characteristics o f the geotexliles used in the tests.
GA
Property
600
Mass per unit area (g/m3)
4.5
Thickness at 2 kPa normal stress (mm)
90
Porosity (%)
0.4
Normal permeability (cm/s)
0.9
Pom ittivity (s'1)
0.6
In-plane permeability (cm/s)
0.27
Transmissivity (cm 2/s)
0.06
Filtration opening size - FOS (mm)
< 0 .1 1
Aparent open in a size - AOS (mm)

Pm2

GEOTEXTILE GB

GB
300
2.6

90
0.4
1.5
0.6

0.13
0 .1 1

0.12-0.17

Notes: FÔS and AOS values obtained according to CFGG
(1986) and A STM (1995), respectively.

Pm3
Dimensions in cm.

Pm4

textile GB is alm ost tw o tim es that for geotextile GA.
Additional information on equipm ent, testing methodology
and materials can be found in Colmanetti (2000).

Figure 1. Waste cells.
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Figure 2. General view of the cells

Particle size (mm)
-«—Sand -o—Gravel
Figure 3. Grain size distribution of the granular materials
Table 1. Waste composition.
Organic matter
Paper
Soft plastics
Others

Percentage in weight (%)
82.3
9.8
3.9
4.0

m anufacturer and have m asses per unit area equal to 600 g/m2
and 300 g/m2, respectively. The filtration opening size o f geo-

RESULTS OBTAINED

Figure 4 shows the variation o f Chem ical Oxygen Demand
(CO D ) with time in the 4 cells. Initial COD values are typically
o f the order o f 120,000 mg/1 in the early stages o f the tests. A fter
w ater pluviation on the sample top has started the values o f COD
dropped to 60,000 to 90,000 mg/1 at the end o f the tests, de
pending on the perm eam eter considered The greater reduction in
the COD values was observed for the drainage system consisting
o f layers o f sand and gravel (cell Pm 4) w hich shows the greater
retention capacity o f the sand layer.
T he variation o f leachate pH w ith tim e is presented in Figure
5. The value o f leachate pH varied typically betw een 3.7 and 4.5
during the testing period.
The leachate productions from cells Pm3 and Pm 4 during the
testing period are presented in Figures 6 and 7. The volume of
leachate before addition o f w ater to the sam ples varied between
12 and 26 litres, depending on the cell considered. A t this stage
the draining systems with the thicker geotextile (1*0 12 ) and with
the sand layer w ere the ones presenting the low est values of
leachate production in the early stages o f the tests. A fter the ad
dition o f w ater to the sam ple top has started the response o f the
systems w as very m uch conditioned by th e volum e o f water
ad d ed
The leachate production is also influenced by th e am ount of
w aste m ass in each cell. Figure 8 shows the variation o f the
leachate volume norm alised by the w aste mass w ith tim e for
each cell. The low er production o f leachate in cells Pm2 and
Pm 4 is also clearly noticeable in this figure. W ith the begining of
the addition o f w ater to the w aste sam ples the pattern o f leachate
production is sim ilar for all drainage systems, with the exception
o f that in cell Pm 2 (geotextile GA and gravel) which produced
15% less leachate. This difference can be accounted for hetero
geneity o f the waste.
A fter the 6 months testing period the geotextile layers used as
filters w ere exhumed for further investigation. Figure 9 shows a
general view o f one o f the geotextile layers after exhumation.
Figures 10 and 11 shows some views o f the geotextile conditions
using microscopy. Some level o f impregnation o f the geotextiles
by organic m atter can be id en tified although a large am ount of
openings can also be found. The organic m atter in the geotextile
voids does not m ean severe clogging, because some o r all o f this
material m ight be w ashed out by further leachate flow. Normal

1900

WASTE

'Sb

P illi

£

o

GRAVEL
WASTE
" GRAVEL
WASTE

P

Pm 3

o
u

g t gb
g r a v e l

WASTE

20

40

60

1- water inlet
(62— day)

80

100

120

140

160

SAND
GRAVEL

Tim e ( ^ y 8)

P m l —x — Pm2

Pm4

Pm3

Figure 4. Chemical Oxygen D em and in leachate - Cells 1 to 4
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Figure 9. General view o f one o f the geotextile layers after ex
humation.

— sm aller than that for virgin specimens, depending on the speciI go m en tested and on the hydraulic gradient used.
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Figure 7. Leachate production in cell Pm4
permeability tests performed on exhumed geotextile specimens
after the tests showed permeability coefficients 3 to 10 times

This w ork presented a study on the behaviour o f granular and
geotextile filter behaviour when subjected to leachate flow from
decomposing domestic waste. A n appropriate design o f the
drainage system in w aste disposal areas is o f utm ost importance
because o f the consequences o f filter physical and/or biological

1901

REFERENCES

Figure 10. View o f the geotextile GA state using microscopy m agnification = 55x

ASTM (1995). ASTM standards on geosynthetics. American Society for
Testing and Materials, ASTM Committee D-35, Philadelphia, P A
USA, 178 p.
Cancelli, A. and Cazzuffi, D. (1987). Permittivity o f geotextiles in pres
ence o f water and pollutant fluids. Proceedings o f Geosynthetics’87,
New Orleans, USA, Vol. 2, 471-481.
Cazzuffi, D. and Cossu, R. (1993). Experimental evaluation o f filter per
formance for geotextiles in landfills. Geotextiles in Filtration and
Drainage, S. C orbâ and J. King Eds., Thomas Telford, London, 7894.
CFGG (1986). “Normes Françaises D ’Essais”. Comité Français des
Géotextles et Géomembranes.
Colmanetti, J.P. (2000). Geotextile filter behaviour in drainage systems
for municipal solid waste. MSc. Thesis, University o f Brasilia, Brasi
lia, Brazil, 125 p. (in Portuguese).
Corcoran, B.W. and Bathia, S.K. (1996). Evaluation o f geotextile fitter
in a collection system at Fresh Kills landfill. Recent Developments in
Geotextile Filters and Prefabricated Drainage Geocomposites, S.S.
Bhatia and L.D. Suits Eds.. American Society o f Testing and Materi
als, ASTM STP 1281, 182-195.
Fourier, A B ., Kuchema, S.M. and Blight, G.E. (1994). Effect o f biologi
cal clogging on the filtration capacity o f geotextiles. Proceedings of
the 5th Intonatianal Conference on Geosynthetics, Singapore, Vol. 2,
721-724.
Koemer, G.R. and Koemer, R .M (1990). Biological activity and poten
tial remediation involving geotextile landfill leachate fillers. ASTM
STP 1081, R.M. Koemer Ed., Philadelphia, PA, U S A
Palmeira, E.M. and Gardoni, M G . (2000). Geotextiles in filtration: A
state-of-the-art review and remaining challaiges. International Sym
posium on Geosynthelics - Geosynthetics in Geotedinical and Geoenvironmental Engineering/GeoEng 2000, A Bouazza Editor, 85-

110.

Figure 11. V iew o f the geotextile GA state using microscopy magnification = 55x
clogging in this type o f work. The conclusions obtained by pres
ent study are summarised below.
■ During the six m onths experience none o f the drainage sys
tem s tested showed signs o f flow rate reduction due to apprecia
ble clogging. The flow rate variation with tim e w as very sim ilar
for all waste cells since de beginning o f the tests.
■ The leachate production in the early stages o f the tests w as
conditioned by initial waste moisture content and decomposition
process. A fter the water feeding stage in each cell has started, the
w aste volume w as predom inantly influenced by the am ount o f
water added at the waste sam ple top.
■Some level o f geotextile impregnation could be observed
after the tests. The level o f impregnation w as not uniformly dis
tributed on the geotextile specimen surface. However, m ost o f
the organic m atter present in the geotextile would be probably
rem oved had the leachate flow continued. However, that may not
be the case in geotextile norm al permeability tests under low hy
draulic gradients performed on the im pregnated specimens after
testing. This may yield to m ore severe perm eability losses than
the geotextile would actually experience under field conditions.
Perm eability tests performed on exhum ed geotextile specimens
after the tests showed reductions o f normal permeability coeffi
cient betw een 3 and 10, depending on the specimen tested and
on the hydraulic gradient used in the permeability test.
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