Ambiente & Agua - An Interdisciplinary Journal of Applied Science
ISSN 1980-993X — d0i:10.4136/1980-993X
www.ambi-agua.net
E-mail: ambi.agua@gmail.com

Influence of sand addition in the early stage retention of fine sludge
dewatering by geotextile

ARTICLES doi:10.4136/ambi-agua.2527

Received: 04 Feb. 2020; Accepted: 08 May 2020

Gabriel Luis Anibal de Oliveira™'; Delma de Mattos Vidal

Departamento de Geotecnia. Instituto Tecnoldgico de Aeronautica (ITA), Praga Marechal Eduardo Gomes,
n° 50, CEP: 12228-900, Sao José dos Campos, SP, Brazil. E-mail; delma@ita.br
*Corresponding author. E-mail: olliveira.g.l.a@gmail.com

ABSTRACT

The need to investigate viable methods to facilitate correct disposal of high-water content
waste is immediate in the scenario of water source degradation. In this context, Closed
Geotextile Systems (CGS) have shown promise for dewatering a variety of high water-content
sediments, aiming to reduce the waste final volume, encapsulating particles, and at the same
time allowing fluid drainage. Especially in Water Treatment Plants, the geotextiles generally
employed in these systems have good tensile strength and rigidity to support mechanical
solicitations and hydraulic properties that warrant good drainage conditions. In these
applications, the geotextile element should assure the waste confinement and retention of some
particles that will form a filter cake which will control internal flow conditions. The present
work investigated how small portions of sand influence fine-particle retention. The sludge used
consisted of a mixture of filtered water with two well-defined fractions of ground quartz: FG,
a silt and CG, a fine sand. The results show that small amounts of sand are capable of leading
to the formation of a pre-filter, even if the maximum diameter of the fine particles is much less
than the geotextile filtration opening size. The test results indicate that the retention efficiency
gradually increases as CG increases in the solution, up to a fraction of CG close to 14%, which
represents only 0.7% of the total solution mass. The increase in particle retention was directly
proportional to the increase in the GC fraction until reaching the filtration efficiency of
approximately 72% where it stabilizes.
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Influéncia da adicdo de areia na retencgéo inicial do desaguamento de
lodos finos por geotéxtil

RESUMO

A necessidade de investigar métodos para facilitar a correta disposicdo de residuos com
alto teor de agua faz-se eminente frente ao cenario de degradagdo dos corpos d’agua. Nesse
contexto, o uso de Sistemas Confinante em Geotéxteis (SCG) tém se mostrado promissor no
desaguamento de uma variedade de sedimentos com alto teor de agua, objetivando reduzir seu
volume final, encapsulando as particulas e permitindo a drenagem do fluido. Especialmente em
Estaces de Tratamento de Agua, 0s geotéxteis empregados nesses sistemas tem boa resisténcia
atracdo e rigidez para suportar solicitacbes mecanicas; e propriedades hidraulicas que garantem
boa drenagem. Nessas aplicacdes, o elemento geotéxtil deve garantir o confinamento dos
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residuos e a retencdo de algumas particulas que formardo a torta de filtro, elemento que
controlara as condicgdes internas de fluxo. O presente trabalho investigou como pequenas
porcdes de areia influenciam a retencéo de particulas finas. A lama utilizado consistiu de uma
mistura de agua filtrada com duas fracdes bem definidas de quartzo moido: FG, um silte e CG,
uma areia fina. Os resultados mostram que pequenas quantidades de areia conseguem iniciar a
formacéo de preé-filtro, mesmo que o didmetro maximo das particulas finas seja menor que o
tamanho da abertura de filtracdo do geotéxtil. Os resultados indicam que a eficiéncia da
retencdo aumenta gradualmente a medida que CG aumenta na solucdo, até uma fracdo de CG
proxima a 14%, o que representa apenas 0,7% da solucdo total. O aumento na retengdo de
particulas foi diretamente proporcional ao aumento da fracdo GC até atingir a eficiéncia de
filtracdo de aproximadamente 72%, onde se estabiliza.

Palavras-chave: filtragdo, geossintéticos, protecdo ambiental.

1. INTRODUCTION

Waste management is a challenge experienced worldwide. Among the residues generated
by human activity, high water-content residues represent an additional risk to the quality of
water sources, as they can be easily dumped (Biswas et al., 2006). These wastes originate from
several activities, such as dredging projects, mining processes, paper mills, agriculture,
industry, and water treatment plants (Lawson, 2008).

These residues, when released in water bodies without pre-treatment, can cause
environmental impacts such as increased water solids and toxic metals, increased turbidity,
color, and altered dissolved oxygen levels (Di Bernardo and Dantas, 2005).

A first approach to treating these high-water content sediments is thickening them to
increase the solids content of the sludge. The process usually involves the removal of excess
water by decanting and the concentration of the solids by settling their volume by removing
free water from sludge to decrease transportation and disposal costs. Several methods can be
used to achieve this reduction and can be divided into two groups: natural methods, such as
drying beds and sedimentation lagoons, and mechanical methods, such as filter press, vacuum
filtration, and centrifuges (Andreoli et al., 2001; Reali, 1999).

To improve the dewatering of sludge with high water content, chemical conditioning is
commonly used to change the sludge properties to facilitate water drainage. The most used
conditionings are synthetic ionic or non-ionic polymers, but some other components, such as
lime, fly ash, or cellulose, can be added depending on the type of technique used for dewatering
(Crittenden et al., 2012; Mines Jr., 2014).

An alternative to conventional treatment of sludge is the use of geotextile closed systems
(GCS) to dewater them. Their use has become popular in the past years, as they can provide a
safe alternative to dispose of contaminated sediments by allowing dewatering, encasing and
isolation of the waste inside the system (Guimarées et al., 2014; Lawson, 2008). The main goal
of GCS in the sludge treatment chain is to achieve a volume reduction of the material through
a filtration mechanism, allowing water to drain (Bourgés-Gastaud et al., 2014). Due to the
complexity of the phenomena involved and the continuous improvement of the technique, many
aspects of the problem still need research to better understand the involved mechanism in the
GCS dewatering process.

Many factors can influence the dewatering of sediments by GCS, such as geotextile
mechanical and hydraulic properties, as well as sludge characteristics like grain-size
distribution, initial solid concentration and mineral composition (Segré, 2013). The geotextiles
generally employed in these systems have good tensile strength and rigidity to support
mechanical solicitations and hydraulic properties that warrant a good drainage condition. In
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these applications, the geotextile element should assure the waste confinement and the retention
of some particles that will form a filter cake which controls the internal flow conditions.

Different authors assessed one-directional dewatering processes in bench-scale apparatus,
using a variety of sludge and geotextiles, by pressurized column test (Liao And Bhatia, 2005;
Driscoll et al., 2016; Ratnayesuraj and Bhatia, 2018), and by falling-head column test (Weggel
and Dortch, 2012; Muthukumaran and llamparuthi, 2006) and the geotextiles proved to be able
to retain sludge particles and maintain reasonable drainage.

Bourges-Gastaud et al. (2014) presented an experiment on the influence of the clay/silt
fraction on the dewatering process with nonwoven geotextiles by pressurized column tests. The
increment in the silt fraction shows improvement in the fine-retention capability of the
geotextile. That behavior seems promising as an alternative to sludge chemical conditioning.
However, it is not trivial to correlate the results obtained for nonwoven geotextile to woven
ones, as they have very distinguishable structures and, in general, large pore-size diameters.

The possibility of having sludge with a low percentage of solids, such as those generated
in water treatment plants, directly pumped in GCS for dewatering is one of the aspects that
deserve more studies due to the simplifications that this process could represent.

The present work investigated how the grain-size distribution variation of the sludge
particles affects the effluent flow rate and the solid retention capacity of GCS using a woven
geotextile by falling-head dewatering test. A mixture of sand/silt was used with the sand ratio
ranging from 0 to 30%. The experiments were carried out in the Geosynthetics Laboratory,
situated at Aeronautics Institute of Technology, Sao José dos Campos, Brazil.

2. MATERIALS AND METHODS

2.1. Geotextile material

The material used for the dewatering in the experiment was a polypropylene woven
geotextile, black in color, properly developed for dewatering applications, shown in Figurel.
The geotextile weft is presented in Figure 1a and Figure 1b shows the detail of geotextile fiber
overlapping in a perpendicular view. The physical and hydraulic characteristic of the tested
sample were mass per unit of area (1) of 454g/m? (ISO 9862), thickness (Tg) of 1.7mm (ISO
9863-1) and characteristic opening size (Ogo) of 240um (ISO 12956) (1SO, 1988; 2005; 2009;
2010; 2016).

The characteristic opening size of a geotextile is obtained by wet sieving of a special soil,
where the geotextile acts as the sieve. Figure 1c presents the original soil grain-size distribution
curve and the grain-size distribution curve of the soil passing in the test. The parameter Ogg is
defined as the dgo of the soil passing curve. Woven geotextiles are considered materials with
uniform pore size, having less variability in the pore size than nonwoven geotextiles, so the Ogo
is assumed as a good estimation for the overall geotextile pore size.

To better understand the geotextile behavior during the test, the water penetration
resistance (WPR) of the geotextile face exposed to the flow was determined according to EN
13562 (European Committee, 2000). This test measures the hydraulic load necessary to begin
the flow through the geotextile, due to its hydrophobic characteristics, and the results indicate
a mean value of 35.8mm water column (with a coefficient of variation of 3.6%.) was necessary
to overcome the water penetration resistance.

2.2. Granular material

To create a controlled sludge with precise grain-size distribution (GSD) curve an
industrialized ground-quartz was chosen as the solid material. The ground-quartz is a practically
inert material with high hardness, making it less susceptible to abrasion.
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Figure 1. Geotextile pore characteristics.

The ground-quartz specific density was determined according to ABNT NBR NM 52
(ABNT, 2009), obtaining a value of 2.67 g/cm?®. It was separated in two narrow GSDs with
water sprinkler and agitation sieving, that is a wet sieving method as described by ISO 2591-
1:1988; one denominated FG, classified as silt, used as the solid matrix for the sludge; and one
denominated CG, classified as poorly graded fine sand according to ASTM D2487-11 (ASTM,
2011).

The material was wet sieved to remove the small particles created by the crushing process.
The fraction retained between sieve #40 and sieve #100 compose the CG particles, and the
fraction retained between sieves #100 and #400 compose the FG particles.

The GSD curves of CG and FG are presented in Figure 2a. The visual aspect of the ground-
quartz grains, CG and FG, are detailed in Figure 2b and Figure 2c.

Each GSD was characterized by the laser diffraction method according to 1ISO 13320:20009.
FG particles presented a coefficient of uniformity (CU) of 1.67, and characteristics diameter
dss, dso, and dis of 72um, 53um, and 32um, respectively — the index represents the portion of
particles smaller than the corresponding diameter, e.g., dss is a diameter bigger than 85% of the
particles. CG particles presented a coefficient of uniformity (CU) of 1.39, and characteristics
diameter dgs, dso, and dis of 255um, 215um, and 130um, respectively.
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Figure 2. CG and FG particle characteristics.

Those two GSD were selected to provide a material coarse enough to be retained by the
geotextile (CG) and a material with a low probability of retention, to simulate the critical
condition of fine sludge dewatering. Also, CG is classified as a filter to FG, according to
Terzaghi filter criterion (Lambe and Whitman, 1969) for satisfying, simultaneously, Equations
1,2, and 3.

Dis
s )
D15
4 <—=<20 (2
dis
Dso < 25 ©)
dso

Being Diy» (mm) the characteristic diameters of the soil acting as a filter, and dis (mm)
the characteristic diameters of the soil to be retained.

2.3. Falling-Head column apparatus

The apparatus developed is an adaptation of the apparatus used by Weggel and Dortch
(2012). It is composed of an acrylic tube with an 83 mm inner diameter and is 600 mm high,
attached to a grappling system in the bottom end to place the test sample. The grappling system
allows us to hold the specimen in a horizontal position without deformation or sagging. Due to
the geotextile characteristics, it was not necessary to install a wire mesh in the grappling system.
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The data acquisition is made by connecting the column to a scale with a metallic frame.
Also, another scale is placed on the bottom of the column to collect the effluent.

A hydraulic pump attached to a mixing reservoir was used to pump the solution inside the
column. To determine the maximum pump flow rate, tree tests were conducted pumping only
water to inside the column with its outlet flow blocked by an impermeable membrane indicating
a mean value of 267.7 g s** with a standard error of 1.7 g s™*. Figure 3 shows the column test
apparatus scheme.

f“’ ®
— )j\.\
@/
| ]

@ ‘ Legend

| 1- Mixing Tank
‘ 2- Pump
| 3- Sludge Outlet
1 4- Column
| 5- Sample Holder
| @ 6- Scale hook
/] 7- Effluent reservoir

Figure 3. Test apparatus scheme.

2.4. Testing run protocol and data analysis

A volume of five liters of the solution was prepared by mixing the correspondent fraction
of FG and CG with filtered water to make the sludge with five percent solid content. The
resulting sludge was transferred to the mixing tank to be inserted in the column by the pump.
Each test run consisted of one single filling and drawdown phase. The effluent was collected at
each dewatering phase end. The dewatering end phase was characterized by an evaporation
mass loss surpassing the effluent flow rate.

The collected effluent was wet-sieved to recover each portion of FG and CG, as the
remaining solution in the mixing tank. The solid material retained in the geotextile specimen
was washed and also sieved.

The flow data analysis was restricted to the filling phase and consisted of plotting the
passing and retained mass curves over time, then fitting the best linear regression for each one.
The behavior of the angular coefficient was analyzed as the portion of CG increased. The solid
retention analyzed was based on Filtration Efficiency (FE) (Moo-Young et al., 2002), and
Piping Rate (Satyamurthy and Bhatia, 2009), determined by Equations 4 and 5, respectively.

TSini—TSfinai

FE = —in_>final,q00 (4)

TSini

_ Srina
pp = i ©)
with FE being the filtration efficiency (%), PP the piping rate (g m2), TS the total solids
concentration (g m=); S the solid mass in the sludge (g), and A the specimen’s area exposed to
the flow (m?).
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3. RESULTS AND DISCUSSIONS

3.1. Initial condition

A set of seven dewatering tests were carried out. The experiment was designed to
investigate how the dewatering flow rate and solids retention behave as the grain-size
distribution of the sludge changes slightly. The progressive increment in the coarse fraction of
the material was similar to that adopted by Bourgés-Gastaud et al. (2014) in similar work with
nonwoven geotextile and a sludge made of a silt-clay mixture.

During the test, the solids concentration of the sludge varied as a response to the pumping
process. The difference between the percent solids of the prepared sludge and its volume
pumped to the column is shown in Table 1, identified as PS and PSreal, respectively. The same
occurs with the intended percentage of CG in the sludge, with PCG being the percentage of CG
in the sludge, and PCGyea the percentage in the pumped volume.

Also, during the sieving process to recover fractions passing or retained of FG and CG, the
same granular material can be lost. A total solid loss threshold was fixed at 3% to discard a test
run, as a high solid loss could interfere in the interpretation of the results. Also, the temperature
(T) of the sludge was measured and the relation Ogo/Dgs was calculated.

Table 1. Summary of initial test conditions.
Test OS (%) PSrea(%) PCG (%) PCGreai(%) Solid Loss (%) T (°C)  Ogo/Dgs (mm)

FO 5 4.7 0 0.0 13 25.4 3.3
F3 5 54 3 2.9 1.4 20.5 3.2
F5 5 54 5 4.2 3.0 22.1 3.2
F7 5 55 7 6.5 1.8 20.6 3.1
F9 5 54 9 9.4 1.7 22.2 3.0
F15 5 53 15 14.2 1.7 20.9 2.4
F30 5 53 30 27.0 1.4 19.0 14

3.2. Filling phase dewatering behavior

The first observed aspect in the experiment was the flow response of the dewatering
process with the increment of CG in the sludge for the filling phase. The filling phase consists
of the pumping interval to achieve a high of about 50 mm. Figure 4 shows the retained (a) and
passing (b) curves for the seven runs. The observed filling phase duration varied from 14 to 18
seconds, implying in different volumes to achieve the intended high.

The slope of the passing mass curves decreases gradually as the PCG increases, indicating
a progressive increase in hydraulic head loss caused by particle retention, as shown in
Figure 4b. The same behavior is observed with less intensity in the retained mass curves, the
difference in intensity is due to the flow rate given by the pump. Also, in Figure 4b by the time
of five sec. the passing mass curves show distinguishable divergent behavior, indicating how
early in the dewatering processes the GSD of the sludge can cause an effect in the flow.

Flow rate decreases mainly by particle retention and consequent filter cake formation that
gradually improve the system retention capability. This process evolves through time as shown
in Figure 4. The same phenomenon was observed by Muthukumaran and llamparuthi (2006),
when analyzing the dewatering behavior of clayey dredged sediment and fly ash by the falling-
head dewatering test.

In the F30 run, the flow-rate decreasing trend is no longer observed. As the PSC
approaches 15%, the curves seem to approach the same slope. The passing mass curves
presented a good linear fit, with R-square varying from 0.969 to 0.989, enabling analysis by its
angular coefficient (or). One important aspect of the filling phase is the influence of the GSD
on the pumping rate, as the PCG increases the energy loss in the pumping also increases,
resulting in a decreasing flow rate.
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To analyze the effluent flow rate without the interference of this energy loss, the values of
ap of each test were normalized by the total flow rate’s slope (ar). The ot parameter was
obtained by adding the passing and retained mass data, as its sum should represent the total
flow rate pumped to the column, and fitted to the best linear regression. The total mass curves
also show a good linear fit with R-square, varying from 0.976 to 0.995.

Figure 5 shows the resulting values of ap/ ar as a function of the PCGrea, for small additions
of coarse material, the flow rate decreases rapidly, around seven percent of PCG. The observed
reduction in ap/ar due to the addition of seven percent of CG was 46%, a drop of almost half of
the flow rate observed for the scenario with no CG added.

The ap/or stops decreasing from F15 to F30, due to an increase in the CG content in the
sludge; hence the portion of fine material is being gradually replaced by coarse material. This
replacement decreases the flow resistance, as the overall retained material is more permeable.
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3.3. Solid retention analysis

The solid retention analysis aimed to quantify how the gradual increase in PCG affected
the ability of the geotextile used in this work to retain the solid particles. The Filtration
Efficiency, FE compares the initial and final total solids concentration in the sludge (see
Equation 1). The piping rate, PP, gives an overview of the sediment loss per geotextile area
exposed to the flow (see Equation 2). Both FE and PP were calculated after the dewatering time
established in the test. The dewatering time ranged from 60 to 360 s when the CG fraction
increased from 0 to 6%, reaching 1500 s for testing with 14% CG and dropping to 1200 s with
27% CG.

Figure 6 shows the observed behavior of the FE (a) and PP (b) as the PCG gradually
increases. For the first run, with no PCG addition, the geotextile was barely capable of retaining
any quantity of solids presenting a FE of proximally nine percent and PP of 36 kg m™% this
behavior is a result of the relationship between the geotextile pore size and the GSD (Ogo/dgs =
3.3).

100,00 40,00
80,00

60,00

FE (%)

40,00 A X
20,00 ' X X

0,00 0,00
0,00 10,00 20,00 30,0( 0,00 10,00 20,00 30,00

P.S.Cia P.S.Creal

a) Filtration Efficient (FE) b) Piping rate (PP)

Figure 6. Solid retention analyses.

The gradual increment of PCG results in the improvement of the geotextile solid retention
capability. Around 15% PCG, FE reaches its maximum value of 73%, a considerable increase
of almost 8 times, and PP reaches its minimum value of 7.7 kg m, a 4.7 times reduction in the
piping rate for the investigated scenario. Moo-Young et al. (2002) pointed out that geotextile is
capable of retaining particles smaller than its pores when analyzing the dewatering process of
four different sludges using four woven geotextiles.

The further increase in the PSG beyond 15% does not result in any improvement in the
solid retention performance. When looking at the dgs mixtures used in the test, its values
gradually increase as more CG is added, at F15 it is almost half of the size of the geotextile
opening size Ogo, €.9., Ogo/dss = 2.4, increasing the dgs value does not result in better retention
parameters in these tests.

4. CONCLUSIONS

This work presents an alternative solution to improve the dewatering of sludge with high
water-content by the addition of small amounts of sand to start the formation of the filter-cake.
It focused on the observation and analysis of the flow-rate behavior and solid retention
capability of a woven geotextile evaluated by a falling-head dewatering test. The tests
considered synthetic sludge composed of fine particles (FG) that are not retained by the

BN Rev. Ambient. Agua vol. 15 n. 3, €2527 - Taubaté 2020
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geotextile and a small fraction of coarse particles (CG) that could be retained by the geotextile
and could retain the fine particles. The question was not if the coarse fraction could contribute
to retention, but how many particles would be necessary to evaluate the viability of that
contribution.

Based on the results, it can be concluded that the tested dewatering scenarios show a high
sensibility to small changes in the coarse fractions of the sludge. The presence of a small
fraction of CG particles can significantly improve particle retention.

This behavior is defined in the early stages of the filling phase as a result of the geotextile
pores’ particle retention, acting as a stabilizer for the filter cake formation upstream from the
geotextile.

The head loss observed in the flow is intrinsically linked to the success of the particle
retention. The addition of 14% of CG, which represents only 0.7% of the total solution mass,
results in a gain of 64% in the Filtration Efficiency and a reduction of 4.7 times in the observed
piping rate. However, there is a limit to the increment of the CG particles, because it does not
result in any improvement in the solid retention capability when considering a vertical flow.
The gains approach a limit when the relation Ogo/dss nears 2.4 in the tests conducted in this
research.

The geotextile applied on the dewatering project must withstand the mechanical and
hydraulic stresses imposed by pumping the sludge into the GCS; these mechanical restrictions
lead to the use of geotextiles with Ogo much larger than the fine particles’ diameter, leading to
the need for chemically conditioning the sludge. The addition of small portions of coarse
material with a diameter near the geotextile Ogo looks promising as an alternative sludge
conditioning to improve the dewatering process of fine sludge with high water content.
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