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Abstract. The use of geotextile closed systems for the dewatering of sludge is a new technology that has been used in
recent years in Brazil and globally. This technology has relevant technical and environmental advantages. The variables
that influence the operation and evaluation of the efficacy are under constant investigation by the scientific community.
This paper presents a state-of-the-art analysis of the use of geotextile closed systems for the dewatering of sludge with high
water content, contributing to a better understanding of the fundamentals involved in the technical and scientific
application of this technology. This paper also presents the Brazilian experiences with the dewatering of sludge generated
in different sectors. This subject has significant relevance; it is a new method to reduce the volume of sludge produced on a
large scale and enable final disposal with low environmental impacts.
Keywords: : dewatering, geotextile closed systems, sludges.

1. Introduction
In Brazil and globally, a current major problem is the

increasing production of residuals with high pollution po-
tential, such as byproducts from processes for obtaining
goods, materials and services. Therefore, studies on proper
residual disposal and handling are of great importance.

The sludge dewatering technique for high liquid con-
tent waste using a geotextile closed system has recently
proven to be an efficient and viable solution for the reduc-
tion of liquid content and consequent reduction in final vol-
ume for disposal from a technical, economic and environ-
mental perspective. This technique enables the retention
and containment of solid mass, provides one response to
questions about the disposal of waste generated by human
activities in different segments, and even allows the re-use
of dewatering waste in different industries (Fowler et al.,
2002; Moo-Young et al., 2002; Moo-Young & Tucker,
2002; Muthukumaran & Ilamparuthi, 2006; Lawson, 2008;
Satyamurthy & Bhatia, 2009a).

Since the 1960s, tubes constructed of geotextiles have
been used as a containment technology in geotechnical
works. In Brazil, in the 1980s, geotextile containment
booms were executed within the city of Cubatão-SP (Bo-
gossian et al., 1982).

To better understand the phenomenon of sludge
dewatering in geotextiles, several laboratory and field stud-
ies have been performed in recent years (Moo-Young et al.,
2002; Moo-Young & Tucker, 2002; Koerner & Koerner,
2006; Muthukumaram & Ilamparuthi, 2006; Lawson,
2008; Liao & Bathia, 2008; Satyamurthy & Bathia, 2009a;
Cantré & Saathoff, 2011). Models have also been devel-
oped. For example, the model proposed by Leshchinsky &

Leshchinsky (2002) assessed the mechanical stresses in the
filling of a geotextile closed system and the Urashima
(2002) assessed the simulation of filtration in suspension
model.

Recent studies have demonstrated numerous advan-
tages in the use of geotextile closed systems for dewatering
sludge. These systems have proven effective for treating
sludge generated from Water Treatment Plants (WTP), do-
mestic sewage, industrial processes and the processing of
ore (mining), among others.

This paper presents a state-of-the-art technology so-
lution for the dewatering of sludge in geotextiles closed
systems, contributing to a better understanding of the tech-
nical-scientific methodologies used recently and demon-
strating the importance and relevance to the environmental
segment. This paper also presents examples of laboratory
studies and field applications performed in Brazil.

2. Dewatering in Geotextile Closed Systems

2.1. Initial considerations

A geosynthetic is “a product at least one of whose
components is made from a synthetic or natural polymer, in
the form of a sheet, a strip or a three-dimensional structure,
used in contact with soil and/or other materials in geo-
technical and civil engineering applications” (NBR ISO
10318, 2013).

The first applications of geosynthetics date back to
the 1950s, with fabrics manufactured for use as a separation
and filter layer between granular soil and soil of low resis-
tance and for critical filtration applications in coastal pro-
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jects in the Netherlands and the United States (Shukla &
Yin, 2006).

The geosynthetics commonly studied for the dewa-
tering of fine waste are the woven and nonwoven geo-
textiles and the geocomposites formed by woven and non-
woven geotextiles. These materials must demonstrate good
filtration performance, which corresponds to the retention
capacity of the solid, while allowing the free passage of
fluid.

The introduction of geotextile closed systems for the
dewatering of sludge was recorded in the 1990s with sew-
age sludge (a cohesive material with high moisture content
and high resistance to filtration), providing the first analysis
of dewatering sludge (Fowler et al., 1996; Lawson, 2008).
Figure 1 illustrates the application of a geotextile closed
system in the dewatering of sludge, commonly referred to
as geotextile bags or geotextile tubes, depending on geo-
metrical shape and volume.

The dewatering of sludge in geotextiles is expanding,
with increasing use in new applications (Lawson, 2008).
The granular soil filters are being replaced by geotextile fil-
ters in many environmental projects, which is the oldest ap-
plication of geosynthetics in civil engineering projects
(Christopher et al., 1993).

One of the advantages of using geotextiles for dewa-
tering sludge is that they can be customized for specific
project dimensions, depending, for example, on the space
available for installation. They can also be stacked on one
another (Koerner & Koerner, 2006; Lawson, 2008). Fur-
thermore, geotextiles provide for the rapid disposal of large
volumes of sludge, ease of construction and installation,
high efficiency, low costs, minimal environmental impacts
(Fowler et al., 2002; Lawson, 2008) and reduced depend-
ence on weather conditions for the realization of dewa-
tering (Mendes et al., 2001).

In the design of dewatering systems with geotextiles,
it is essential to match the functional properties of the
geotextile with the properties required in the project (Vidal

et al., 1999). The properties of the geotextile must be
adapted to the functions and mechanical stresses that they
will be subjected (Trentini et al., 2006). The mechanical re-
sistance of the geotextile can be affected by seam perfor-
mance, potential damage during installation and operation,
an accidental increase in pressure pumping of the sludge on
the tube, and degradation of the polymer chain by physical,
chemical and/or biological agents, among others.

One of the consequences arising from the non-com-
patibility of seams is the disruption of the geotextile tube by
sewing, resulting in leakage of sludge (Leshchinsky &
Leshchinsky, 2002), as illustrated in Fig. 2. Studies must be
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Figure 1 - Geotextile tube dewatering: (a) Details of dewatering; (b) Geotextile tubes used to dewater slurry waste volumes
(Lawson, 2008).

Figure 2 - Failure of a seam on a geotextile tube (Leshchinsky &
Leshchinsky, 2002).



conducted on the efficiency of the seams to verify compati-
bility with the project requirements and on the factors that
may affect the seam resistance, line type and number
points, type of sewing and equipment used for its prepara-
tion (Ten Cate, 2010).

During dewatering, it is possible to consider two ba-
sic types of filtration mechanisms within the geotextile: ini-
tially the filtration of suspension particles and then, depen-
ding on the type of sludge to be dewatered, the filtration
situation under porous conditions.

The filtration of suspension particles is a critical pro-
blem because of the hydraulic load loss that occurs when
the particle finds the filter and tends to be deposited on sur-
face of the geotextile. This occurs even for particles much
smaller than the opening size of the filter element.

The behavior of a filtration system with suspension
particles may vary according to the type of material. In the
case of granular soil, the retained particles form a trapped
material layer that remains permeable in a phenomenon
equivalent to the increased thickness of the filter. In the
case of cohesive soil, the problem of clogging becomes im-
portant. Usually, the clogging is caused by the deposition of
a layer of low permeability soil upstream of the filter, as in
the dewatering of sludge composed of fine particles (Ura-
shima, 2002).

Depending on the size distribution of the sludge, there
may be a tendency to form a pre-filter called a filter cake
(Vidal & Urashima, 1999; Pilarczyk, 2000; Koerner &
Koerner, 2006; Liao & Bhatia, 2008), which is a mass ad-
hered to the internal structure of the geotextile. This greater
concentration of solids relative to the initial state of the
sludge in dewatering can function as a low permeability hy-
draulic barrier.

During filtration under porous conditions, smaller
particles of the soil adjacent to the filter may be transported
through the geotextile, resulting in a soil structure rear-
rangement. This can function as a natural filter (pre-filter)
according to the size distribution of the base material; the
retention of larger particles contributes to the blocking of
smaller particles reaching the geotextile (Urashima, 2002).

The filtration of suspension particles has been re-
ported to be more critical to filtration in relation to porous
conditions because they tend to deposit on the surface of the
geotextile, creating a layer of low permeability (Urashima,
2002). This behavior may cause, in many cases, physical
clogging, which can obstruct the passage of fluid through
the geotextile, compromising the dewatering of the sludge
(Leshchinsky et al., 1996; Vidal & Urashima, 1999).

Koerner (2005) presents different design methods
that ensure the retention of different particle size materials
relative to the geotextile filtering openings, considering
also a porous-low permeability condition.

Because of the complexity of the composition of the
material being dewatered, which often contains very fine
particles or organic components, the following condition

requirements may influence the behavior of the dewatering
systems:
• System compression and traction requirements;
• Intensity and velocity of flow inserted;
• Ambient condition requirements, including fluid char-

acteristics, risks of system degradation, chemical alter-
ations to be dewatered in the middle of the process, and
possible physical, chemical or biological clogging.

2.2. Factors influencing the process of dewatering

There is a consensus in related literature on the im-
portance of chemical conditioning. It is a ‘key point’ in the
dewatering operations on sludge that presents a high resis-
tance to filtration. The chemical conditioning can be per-
formed with cationic, anionic or non-ionic polymers, de-
pending on the physicochemical characteristics of the
sludge. The chemical conditioning causes the solid-liquid
separation of the sludge through the coagulation of the sol-
ids and the liberation of the adsorbed water, controlling the
interaction between suspension, speed and degree of dewa-
tering of the solid mass (Lawson, 2008; Castro et al., 2009;
Guanaes, 2009; Satyamurthy & Bhatia, 2009b). Therefore,
an evaluation is necessary to select the most effective con-
ditioning chemical for each type of sludge.

Visual observations of the characteristics of the floc
formed (stability) and of the solid-liquid separation are a
means to evaluate the polymer and its optimal dosage.
However, an inadequate observation of the behavior of the
sludge conditioning can result in an inaccurate determina-
tion of dosage as well as the indiscriminate use of floccu-
lant polymers (Satyamurthy & Bhatia, 2009b). It may even
lead to changes in the chemical composition of the sludges
(Tominaga, 2010).

Pressure and velocity are important in pumping the
sludge to dewatering; high force values may result in the
breaking of chemical conditioning, which compromises its
functionality (Guanaes, 2009).

A parameter that greatly influences the dewatering
process is the initial percent of solids in the sludge. At the
beginning of filtration, there is a considerable removal of
water retained in the solid mass as well as a small passage
of suspended particles; the “filter cake” is formed after a
period of dewatering. As the filter cake grows during filtra-
tion, the filtrate volume is reduced with the decrease in tur-
bidity (Moo-Young et al., 2002; Moo-Young & Tucker,
2002; Muthukumaran & Ilamparuthi, 2006; Lawson,
2008).

The sludge dewatering causes a concentration of the
solid mass within the geotextile closed systems and a de-
crease in volume, with a concentration of physical, chemi-
cal and biological parameters, when compared with the
initial sludge values (Guanaes, 2009).

For materials that have a high liquid content and a low
permeability, Umezaki et al. (2007, apud Tominaga, 2010)
proposed the vacuum dewatering of high liquid content ma-
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terials in a geotextile closed system, based on the initial
conception of Umezaki and Kawamura (2002, apud Tomi-
naga, 2010). This dewatering method involves applying a
vacuum pressure in the geotextile closed system, creating a
suction effect that accelerates the dewatering.

Umezaki et al. (2007, apud Tominaga, 2010) then
performed laboratory tests to compare the conventional
dewatering method with vacuum dewatering. The geo-
textile closed system consisted of a double-layer bag and
internal plate drainage. The authors noted a further reduc-
tion in the height of the geotextile closed system and
achieved lower water contents in shorter periods of dewa-
tering compared to the conventional method.

2.3. Parameters for performance analysis

The performance of dewatering systems can be evalu-
ated through the following parameters: filtration efficiency
(FE), dewatering efficiency (DE), infiltration efficiency
(IE), piping (PP) and solids passing (SP).

The filtration efficiency is the relation between the to-
tal solids in the sludge before dewatering and the total sol-
ids in the filtrate after filtration (Moo-Young & Tucker,
2002) and expressed as:

FE
TS TS

TS
initial final

initial

�
�

�100% (1)

where FE is the filtration efficiency (%), TSinitial is the initial
total solids in the sludge (mg.L-1), and TSfinal is the final total
solids in the filtrate (mg.L-1).

Satyamurthy & Bathia (2009b) stated that successful
dewatering in geotextiles requires maximizing filtration ef-
ficiency and minimizing dewatering time (the time re-
quired to dehydrate a known volume of sludge).

The dewatering efficiency is defined as the change in
the solids percentage before and after dewatering (Moo-
Young et al., 2002), given by:

DE
PS PS

PS
final initial

initial

�
�

�100% (2)

where DE is the dewatering efficiency (%), PSinitial is the ini-
tial percent solids (%), and PSfinal is the final percent of sol-
ids (%).

The infiltration efficiency is defined as the relation
between the water content of the sludge before and after
dewatering (Muthukumaran & Ilamparuthi, 2006), as de-
scribed:

IE
W W

W
i f

i

�
�

�100% (3)

where IE is infiltration efficiency (%), Wi is the initial water
content of the sludge (%), and Wf is the final water content
of the sludge (%).

Urashima et al. (2010) demonstrated that the term
infiltration efficiency is not the most appropriate for a

dewatering process that uses a geotextile closed system.
However, this equation is representative of the dewatering
process.

The piping is a parameter that reflects the retention
capability of a geotextile by weight of suspended solids
passing through the geotextile during dewatering (Satya-
murthy & Bhatia, 2009a) and it is expressed as:

PP
TSS

A
final

� (4)

where PP is piping (g.m-2), TSSfinal is the final total sus-
pended solids (g), and A is the effective area of the geo-
textile in dewatering (m2).

However, the use of the suspended solids concentra-
tion in the evaluation of piping is not accurate because the
solids present in the filtrate are, in fact, the total solids,
which are the suspended solids plus the dissolved solids.
Thus, Tominaga (2010) proposes the substitution of sus-
pended solids with total solids.

The solids passing reflects the dewatering perfor-
mance by comparing the suspended solids in the filtrate
with the initial total solids of the sludge in accordance with
the formulation proposed by Satyamurthy (2008, apud Sa-
tyamurthy & Bhatia, 2009a). It is given by:

SP
TSS

TS
100%final

initial

� � (5)

where SP is the solids passing (%), TSSfinal is the total sus-
pended solids in the filtrate (mg.L-1) and TSinitial is the total
initial solids of the sludge (mg.L-1).

Among the parameters used in the quantification of a
geotextile for dewatering, the solids passing is a simple and
accurate measure of the dewatering system performance
(Satyamurthy & Bhatia, 2009a). Finally, Tominaga (2010)
reported that the suspended solids in the solids passing (SP)
formula should be replaced by the total solids in the filtrate,
as also used in the piping (PP).

3. Proposed of Standardization for
Dewatering Tests

3.1. Cone tests

The cone test is a methodology described by Lawson
(2008) that evaluates the need to use a chemical condition-
ing agent to assist in the dewatering of sludges in geo-
textiles (Castro, 2005; Martins, 2006; Castro et al., 2009;
Guanaes, 2009). This test also allows for the evaluation of
the best dosage and concentration of polymeric additives to
be added to the sludge under study, without the provision of
behavior parameters.

As described previously, the use of a polymeric addi-
tive for solid-liquid separation has a great influence on the
dewatering of fine sludges that have a high water content
relative to solids, allowing the removal of adsorbed water in
the solids. As a result, they enable a significant reduction in
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the volume of sludge for disposal or recycling and, in some
cases, the recirculation of water to treatment or for re-use in
the system.

It is important to determine the cost of each polymeric
additive and the impact of increasing the dosage because
there may be a high daily consumption of a polymeric addi-
tive depending on the volume and type of sludge.

As an example, the results of a cone test are presented
to evaluate 6 (six) different polymeric additives for the
solid-liquid separation of sludge used in the water purifiers
of City Eloi Mendes (Minas Gerais, Brazil). The sludge
used is shown in Fig. 3.

The polymeric additives were evaluated at a concen-
tration of 0.004 g.L-1. The dosages tested were 10 mL and
15 mL per 500 mL of sludge. The parameters evaluated in
each cone test were the filtrate turbidity (NTU), the final
water content of the sludge dewatering (Fig. 4a) and the fi-
nal volume of filtrate (Fig. 4b) 10 minutes after the begin-
ning of the test. Figure 5 shows the results obtained for the
10 mL dosage of polymeric additive. Figure 6 displays the
results for the 15 mL dosage.

It is possible to verify that the turbidity (NTU), the
volume of filtrate collected (mL) and the final water con-
tent (%) differ for each type of chemical conditioning and
even between the dosages used (10 mL and 15 mL). In gen-
eral, low values of turbidity indicate a lower passage of
small particles through the geotextile concomitantly with
the passage of liquid present in the sludge. In addition,
lower liquid contents indicate a greater removal of sludge
liquid, which indicates better dewatering.

For the 10 mL dosage (Fig. 5), better results were ob-
tained for the Polymer 934 because of the lower value of
turbidity (NTU) and the good reduction of liquid present in
the sludge. Additionally, 213.5 mL of filtrate was obtained,
greater than the average amount of filtrate obtained among
the other polymers tested (204.0 mL).

For the 15 mL dosage (Fig. 6), the Polymer 934 also
excelled in terms of turbidity and volume of filtrate ob-
tained. However, there was an increase in the final water
content of the sludge (916.2%). Even after increasing the
polymer dosage to 15 mL, there was no improvement in the
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Figure 3 - Sludge utilized in cone tests.

Figure 4 - Cone tests: (a) Sludge dewatering; (b) Filtrate obtained.

Figure 5 - Cone tests with 10 mL polymer dosage at a concentra-
tion of 0.004 g.L-1.



measured parameters (reduction of turbidity and water con-
tent, increase of volume of filtrate) for all of the tested poly-
mers. Therefore, increasing the dosage does not necessarily
result in better chemical conditioning, which emphasizes
the importance of obtaining an optimum dosage, as also
discussed in studies by Tominaga (2010).

3.2. Dewatering tests in geotextile bags

The ASTM International published a standard
method to determine the flow rate of water and suspended
solids in a geosynthetic permeable bag containing high wa-
ter content sludges (ASTM D 7701, 2011). This methodol-
ogy describes two test methods. One test involves using a
geotextile bag with a 114 cm inner circumference, a length
of 165 cm and a volumetric test capacity of 150 to 190 L.
The other test uses a geotextile bag with a 1.52 m circum-
ference, a depth of 0.92 m, with a volumetric test capacity
of 19 L.

The Geosynthetic Research Institute (GRI) has also
proposed methodologies to analyze the behaviors of mate-
rials in dewatering, such as GRI-GT14 (2004) and GRI-
GT15 (2009). The first method is for field dewatering of
solids in a hanging bag test (HBT), as shown in Fig. 7, with
one of the faces open and a linear length between 0.3 and
7.0 m.

The GRI-GT15 (2009) serves an identical purpose as
the GRI-GT14 (2004); however, it uses geotextile bags
with approximate dimensions of 50 to 65 cm in length, 38
to 65 cm in width and a volumetric capacity of 20 to 30 L.
These bags contain an adapter flange to guide the sludge
with polymeric additives into the bags (Fig. 8). Another dif-
ference between the methods is that the GRI-GT15 (2009)
allows for the monitoring of the dewatering performance
over time by observing the dehydrated material column
(cm) by test time (min).

Castro et al. (2009) conducted a comparative study of
both methods described above. This study showed that the
GRI-GT15 (2009) method produces results very close the
actual application of dewatering in geotextile bags; the

sludge remains confined within the geotextile bags, which
allows for better dewatering and prevents rehydration of the
dry sludge. There is also a low breakdown of chemical con-
ditioning with the introduction of sludge within the geotex-
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Figure 6 - Cone tests with 15 mL polymer dosage at a concentra-
tion of 0.004 g.L-1.

Figure 7 - Hanging bag test (Lawson, 2008).

Figure 8 - Tests in geotextile closed according to GRI-GT15
(Geosynthetic Research Institute, 2009).



tile bags compared to the methodology proposed by GT14-
GRI (2004) because it occurs at less critical conditions.

Tominaga (2010) conducted laboratory studies to
evaluate the performance of geotextile closed systems for
sludge dewatering, which included cone tests for the evalu-
ation of chemical conditioning and tests of small dimen-
sions as proposed by GRI-GT15 (2009). In their studies,
Tominaga (2010) used three materials with high water con-
tents (kaolinite, powder-rock and sludge from WTP) for
dewatering.

Tominaga (2010) demonstrated some inaccuracies in
the methodology proposed by GT15-GRI (2009), such as
the reading of the descent level of the sludge in the transpar-
ent tube installed above the geotextile bag. There is no
specification of important readings to measure the quality
of filtrate and of sludge dewatering and also the dewatering
performance. Thus, Tominaga (2010) suggested some
changes in the methodology proposed by the GRI-GT15
(2009) to provide a better assessment of dewatering using
geotextile closed systems, such as fixing a reservoir at the
top of the standpipe with a valve to control the filling of the
bags; suspending the standpipe from a tripod and brace; and
replacing the nozzle in the flange of the geotextile bag with
the nozzle in the sleeve formed by the geotextile in the lat-
eral position of the bag.

4. Brazilian Laboratory Study and Field
Applications Experiences

4.1. Sludge dewatering at water treatment plants
(WTPs)

The residues generated in WTPs, called wash water
and sludge decanter, are produced in large quantities that
may equal 5% of the volume of water treated in the process
(Fontana & Cordeiro, 2005). These residues consist of flu-
ids with high water contents, generally greater than 95%
(Reali et al., 1999), and solid sludge.

Thus, the reduction in its volume minimizes the risk
of contamination of water and environmental resources.
This also reduces the volume of residues to be properly dis-
posed of, with a reduction in transport and disposal costs
(Fontana & Cordeiro, 2005).

The legal aspects of environmental protection in Bra-
zil have prompted studies of the treatment and final dis-
posal of WTP residues (Fontana & Cordeiro, 2005). The
inadequate disposal of these residues in the environment
leads to damaging impacts, such as siltation of water-
courses, soil contamination (Reali et al., 1999; Andreoli et
al., 2001) and water source contamination (Hoppen et al.,
2003), and can aggravate water shortages for supply and
purifiers (Mendes et al., 2001).

Urashima et al. (2010) conducted studies of WTP
sludge dewatering using geotextile bags with dimensions
60 cm x 50 cm and constructed of three types of geotextiles

(GT1, GT2 and GT3) with different filtration openings and
tensile strength.

Cone tests were performed to verify the concentration
and dosage of the polymer for sludge chemical condition-
ing.

Finally, a prototype was constructed (Fig. 9) that sim-
ulated the conditions of WTP pressure pumping. This pro-
totype contains a reservoir for 75 L of residue, an inverter
frequency to fix the average flow of pumping residue, a
pressure transmitter and mixer screens for performing the
chemical conditioning.

The dewatering system was assessed based on the fil-
tration efficiency (FE), efficiency dewatering (DE) and in-
filtration efficiency (IE) parameters and on a verification of
the decrease in filtrate turbidity during dewatering. This
analysis is important because it is an indirect measure of the
presence of solids or other particulate in the filtrate suspen-
sion.

Urashima et al. (2010) obtained average values of
98.1% for FE, 300.9% DE and 70.3% of IE for the three
geotextiles tested (GT1, GT2 and GT3). This study showed
that the geotextile bag has a good solid particle retention ca-
pacity, concomitant with free passage of liquid present in
the sludge, thus enabling dewatering and reduction of large
volumes for correct disposal or use in other industries as
discussed in literature (Tsutuya & Hirata, 2001; Hoppen et
al., 2003; Oliveira et al., 2004; Hoppen et al., 2005).

Guimarães et al. (2012) conducted dewatering stud-
ies with successive pumping of sludge into the same geo-
textile bag, called dewatering with refills. The same
equipment constructed by Urashima et al. (2010), after
some adjustments to the structure, was used, as shown in
Fig. 10.

There were three successive dewaterings conducted
in the same geotextile closed system with dimensions of
60 cm x 60 cm. The time between the first and second
dewatering was 72 h, and the time between the second and
third dewatering was 24 hours. The polymeric additive
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Figure 9 - Equipment for pressurized filling and dewatering
(Urashima et al., 2010).



used was identical to that used by Urashima et al. (2010),
but in different concentrations. Each dewatering was per-
formed with 75 L of sludge at an average sludge pumping
flow of 0.75 L.s-1.

The dewatering system was assessed based on FE, PP
and SP. The last two parameters were measured according
to Tominaga (2010). The average results obtained were FE
97.2%, 2.8% SP and PP 0.6 g.m-2. There was an increase in
FE after each dewatering and a decrease in SP and PP. This
result indicates an increase in the retention of solid particles
after successive recharges of sludge into the same geo-
textile bag.

4.2. Sludge dewatering in mining

Mining sludges are produced in the processing of raw
ore (iron, bauxite, kaolin, graphite, gold, phosphate, etc.).
They are generated in large volumes, and the granular char-
acteristics depend directly on the beneficiation process
used in mining.

Because of the increase in mining activities in
Brazil, there has been an increase in sludge generation.
This situation has been aggravated by the absence of final
disposal sites, technical and environmental storage con-
straints and the costs associated with transportation to the
storage location. This has become one of the greatest chal-

lenges of modern geotechnical engineering (Bittar et al.,
2010).

The dewatering of mining sludges in geotextile
closed systems thus provides a viable solution to the techni-
cal, economic and environmental concerns cited (Martins,
2006). In addition, the dewatering in geotextiles enables
recirculation and recuperation of water inserted into the
process, directly impacting the costs associated with ben-
eficiation and producing smaller volumes of sludge for fi-
nal disposal (Barbosa, 2011).

Gomes (2007) demonstrated some of the principles
and potential applications of geotextile tubes for dewa-
tering of mining sludges in pulp, highlighting the opera-
tional and economic advantages compared to conventional
processes, such as the storage of sludge in dams with the
risk of catastrophic rupture.

Martins (2006) used suspended geotextile bags
(Fig. 11a) to conduct laboratory and field studies of the
dewatering of sludges from the beneficiation of phosphate
rock with two different particle sizes: fine-grained (called
sludge), 100% of the particles with diameters of less than
0.074 mm (Fig. 11b); and granular sludge with sandy char-
acteristics, 34% of the particles in the silt fraction
(Fig. 11c).

Martins (2006) evaluated the effect of filtration effi-
ciency (FE) during the dewatering period, obtaining the fi-
nal results in approximately 100% of the fine-grained
(sludge) and granular sludge.

Barbosa (2011) conducted studies of dewatering of
sludge produced from the beneficiation of phosphate rock
with a high content of fine particles with silt characteristics.
Geotextile bags were used (Fig. 12), with a size of 60 cm x
60 cm and constructed of three geotextiles with different
filtration openings and hydraulic permeability.

Dewatering tests conducted by Barbosa (2011) were
performed by pumping the sludge that was chemically con-
ditioned with anionic polymer. A prototype that simulated
the conditions of pressure pumping of sludge building was
used by Urashima et al. (2010).

Barbosa (2011) obtained average values of 99.1% for
FE, 686% for DE, 0.9% for SP and 0.8 g.m-2 for PP for the
three geotextile bags.

Bittar et al. (2010) performed studies on the dewa-
tering of phosphate fine sludge from ore treatment pro-
cesses (90% of the particle sizes below 325 mesh) using
geotextile bags of small dimension second GRI-GT15
(2009) and Castro et al. (2009) and sludge collected di-
rectly from the discharge point. The objective of this
study was to evaluate the quality of the filtrate collected
and to determine the time required to obtain the desired
solids content during the dewatering in geotextile bags
(Fig. 13).

Bittar et al. (2010) performed preliminary cone tests
with different polymeric additives, reaching a concentra-
tion of 10 ppm (Fig. 14).
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Figure 10 - Prototype for the dewatering of sludge from a WTP in
a geotextile bag (Guimarães et al., 2012).



Bittar et al. (2010) obtained P2O5 and MgO concentra-
tions similar to the initial mine deposit values, approxi-
mately 5% and 4%, respectively. A total solids concentra-
tion of 74.70% was reached after 10 days of dewatering,
with an initial value of total solids in the sludge of 12.60%.
Furthermore, the water content ranged from 87.40% (ini-
tially) to 25.3% during this period.

4.3. Sludge dewatering of septic tank sludge

Castro et al. (2008) performed a field implementation
of four geotextile tubes for the dewatering of sewage sludge
collected from septic tanks using vacuum trucks and from
landfill leachate in the Rio das Ostras City (RJ, Brazil).
Two geotextile tubes 30 m in length and 13.7 m in circum-
ference and two geotextile tubes 60 m in length and 13.7 m
in circumference (Fig. 15) were installed.

The project was developed to reduce and dispose of
large volumes of sludge generated in the city, which had no
capacity to meet the high demands of sludge generation be-
cause of the large annual population increase. The project
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Figure 12 - Geotextile bag for dewatering sludge from benefici-
ation of phosphate rock (Barbosa, 2011).

Figure 13 - Small scale geotextile tube (Bittar et al., 2010).

Figure 14 - Phosphate tailings passed, before and after the cone
test (Bittar et al., 2010).

Figure 11 - Dewatering mining sludges in suspended geotextile bags: (a) Detail of bags used; (b) reject fine-grained (sludge); (c) granu-
lar sludge (Martins, 2006).



met the demand of 34.000 cubic meters of sludge contain-
ing an average total suspended solids (TSS) of 1%.

The sludge from the septic tanks and landfill leachate
were mixed in an equalization tank, and a cationic polymer
was added for flocculation. The sludge mixture was then
pumped into the geotextile tubes to dehydrate the sludge,
retaining the solid portion and removing the liquid (fil-
trate). Each geotextile tube was constructed with a drainage
system to collect the liquid extracted from the sludge.

Castro et al. (2008) obtained satisfactory results,
achieving a significant reduction in biochemical oxygen
demand (BOD) and chemical oxygen demand (COD) as
well as increased total suspended solids (TSS) after sludge
dewatering. Furthermore, the filtrate collected was moni-
tored periodically for chemical parameter acceptability for
subsequent discharge and/or return to the sludge treatment
system. A portion of the filtrate collected from the last

geotextile tube was used for gardening in the Rio das Ostras
City (RJ), and a portion was used for compacting landfill.

4.4. Sludge dewatering of industrial effluent

Escobar et al. (2010) presented a case study using
geotextile tubes for the sludge dewatering of industrial ef-
fluent with a high moisture content contaminated with hy-
drocarbons, salts and other chemical compounds.

The sludge for dewatering originated from the clean-
ing of the cooling towers of the Brazilian Petrochemical
Company Braskem - Petrochemical Basics Unit, which
generated a total volume of 2200 m3.

The cooling towers were emptied, and a pump was
used to remove and clean the sludge from the towers. The
total volume of sludge was removed by six vacuum trucks,
which transferred the sludge with a high moisture content
and chemical contamination to two equalization tanks, with
subsequent pumping into two geotextile tubes with a capac-
ity of 400 m3 each. Polymer additives were added for floc-
culation of the sludges. Figure 16 illustrates the process
steps and the location of the geotextile tubes used for sludge
dewatering.

Escobar et al. (2010) reported promising results from
the project: a 95% reduction in the volume of dewatering
sludges after two months, in addition to the recovery and
subsequent use of the entire filtrate drained from the geo-
textile tubes. Finally, the dewatering sludges were removed
for disposal by CETREL, a Brazilian Waste Management
and , providing a safe destination, from an environmental
perspective, for the wastes generated during the cleaning of
cooling towers.

5. Discussion and Conclusion
Geotextile closed systems have great application ver-

satility, as exemplified by the Brazilian applications cited
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Figure 15 - Geotextile tubes for dewatering effluent in the Rio das
Ostras City, RJ, Brazil (Castro et al., 2008).

Figure 16 - Dewatering of Braskem Company mining sludges in geotextile tubes (Escobar et al., 2010).



in this paper, such as the single dewatering system or when
used together with other techniques. They have also dem-
onstrated easy adaptability to different installation sites.

The efficiency parameters for the performance analy-
sis of the dewatering systems are important in the evalua-
tion of their behavior. These parameters can be affected by
several factors, such as water content relative to solids, for-
mation of filter cake, particle size and composition of
sludge, opening size and hydraulic conductivity character-
istics of the geotextile, and chemical conditioning require-
ments, among others.

For the good performance of the system under study,
it is necessary to evaluate and observe the following as-
pects:
• The behavior of the seams in light of the field demands,

along with the set of elements responsible for the life
time of the geotextile closed system, and the mechanical
strength and durability of the geotextiles considering
physical, chemical and biological agents;

• The characterization of the materials to be dewatered be-
cause the efficiency of the method depends on the type of
sludge to be dewatered and the filtering characteristics of
the geotextile, which may be considered together or sep-
arately;

• The possible occurrence of physical, chemical and bio-
logical clogging. The physical clogging is an inherent
factor. Tests should be conducted with the sludge and the
geotextile to evaluate the clogging evolution and its ac-
ceptability.

Currently, there are several methodologies for the
performance evaluation of geotextiles as a filter material to
estimate possible results at a laboratory-scale. From these
results, it is possible to optimize the geotextile closed sys-
tem by improving the parameters that may improve its
functioning.

In particular, the cone tests have been used success-
fully in several studies to preliminarily evaluate the need
for chemical conditioning and dosage determination.

In the last decade, studies and field applications of the
dewatering of residues and sludges in geotextile closed sys-
tems have been conducted in Brazil. These studies have
shown promising results that indicate the feasibility of
geotextile use in dewatering systems.

The dewatering of sludges in geotextile closed sys-
tems is of significant current technical and environmental
relevance. It is an alternative technique to reduce the vol-
ume of sludge produced on a large scale, allowing its cor-
rect disposal and minimizing the environmental impacts
resulting from improper disposal in the environment.
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