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Abstract—Large volumes of river sediments are dredged each
year in Europe in order to maintain harbour activities and prevent
floods. The management of this sediment has become increasingly
complex. Several European projects were implemented to find
environmentally sound solutions for these materials. The main
objective of this study is to show the ability of river sediment to be
used in road. Since sediments contain a high amount of water, then a
dehydrating treatment by addition of the flocculation aid has been
used. Firstly, a lot of physical characteristics are measured and
discussed for a better identification of the raw sediment and this
dehydrated sediment by addition the flocculation aid. The identified
parameters are, for example, the initial water content, the density, the
organic matter content, the grain size distribution, the liquid limit and
plastic limit and geotechnical parameters. The environmental impacts
of the used material were evaluated. The results obtained show that
there is a slight change on the physical-chemical and geotechnical
characteristics of sediment after dehydration by the addition of
polymer. However, these sediments cannot be used in road
construction.
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I. INTRODUCTION

EDIMENTS are defined as a set of loose particles of clays,

silt and sand, formed from the erosion of rocks and soils
from organic activity, and from local discharges caused by
human activity. The dredging operations of the sediment are
necessary to maintain navigation in waterways and access to
habours. Each year, this operation generates a considerable
quantity of sediments, about 250 Mm® in Europe [1] and 50
Mm? in France [2] more than 6 Mm? are fluvial sediments [3].
However, the industrial and the anthropogenic activities bring
a multitude of inorganic pollutants (heavy metals) and organic
ones (hydrocarbon, PAH, PCB ...) in sediments [2], [4]. The
beneficial of use in the civil engineering domain consumes
over 450 Mt of granular materials each year, and 80% of such
materials are annually consumed in the field of road
construction [5]. Over 96% of these aggregates are mainly
provided by natural accumulation. However, only 5% of the
materials generated from recycling operation are used in
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public works at present [5]. Thus, the use of sediments in the
construction sector may represent a new source of supply of
aggregates and the valorization of dredging sediments brings,
despite the difficulties, socio-economic and environmental
benefits. In the road construction, the characteristics of
dredged materials could be similar to those of currently used
materials [6], from grain size distribution (fine to coarse
aggregates) often have inadequate mechanical properties to be
used in Civil Engineering. The dredged sediments are often
fine materials with high moisture content. The determination
of the mechanical properties of these sediments often has
inadequate to be used in Civil Engineering. Several ways of
valorisation of dredged sediments in combination with
treatment (hydraulic binders, granular corrector...) have been
explored: in road construction [3], [7]-[15]; in aggregates [16],
[17] in concrete [13], in brick [18]-[20] and cement production
[21]. This water content depends on the nature of the
sediments and the dredging method. There are several
techniques used for sediment dehydration as for example:
natural drying, mechanical adding of chemical reagents
(flocculation aid / polymer) and thermally techniques [22]. It
should be noted that, the use of flocculation aid leads to: 1)
facilitate the separation of liquid-solid phase, 2) improve the
quality of the rejected water and 3) increase the concentration
of sludge produced. This polymer aid favors the
agglomeration of destabilized particles, forming flocculates
which can be easily separated from the water by way of
decantation or filtration [23]-[27]. The choice of used polymer
and its dose is based on laboratory optimization tests. These
optimization tests are linked to the material type and the
dehydration method [28]. The optimal determination of the
polymer proportioning is essential taking into account to
facilitate dehydration, and to obtain a high dry matter content
of the dewatered sludge cake and low conditioner dose of
polymer [25], [29], [30].

This work presents the comparison of physical-chemical,
mineralogical, geotechnical and environmental properties of
raw sediment and dehydrated sediments by the addition the
flocculation aid (will be denoted as flocculated sediment in
this study).

II. MATERIALS AND METHODS

The rive sediments use in this study were dredged from
river Bure in Norfolk situated in England.

The used polymers for dehydration in this study are anionic,
cationic and non-anionic. These polymers were provided by

76



International Journal of Architectural, Civil and Construction Sciences
ISSN: 2415-1734
Vol:10, No:1, 2016

SNF Florger society. The selection of polymers and their
dosage is determined by the jar-test. After the Jar-test, the
flocculated sediments were filtered for 5 minutes, in order to
determine the final moisture content. Sediment dewarting was
realized by using a drying bed on raw sediments, and
flocculated sediments as determined by the Jar-test. The
physical characteristics of the raw sediment and flocculated
sediment with the addition of polymer such as the organic
matter content, the specific gravity and the grain size
distribution, are determined according to European and French
test standards. The mineralogical composition of these
sediments was investigated using X-ray diffraction (XRD
Bruker D8 with Co Ko radiation at 1.78 A).

To assess the environmental impacts of the sediment,
leaching tests were performed on three samples, in accordance

with the European test standard EN 12457-2. The leaching
tests were conducted with a liquid-to solid ratio (L/S) of 10
(100 g of solid in 1 1 of deionized water). The mixture was
stirred at a rate of 60 cycles / min for 24 h. The leachate was
separated from the solid phase by centrifugation and filtered
using a 0.45-um membrane filter for inductively coupled
plasma-atomic emission spectroscopy (ICP-AES)
measurements. The metallic elements were analysed by ICP-
AES. Chloride, nitrate and sulphate contents were measured
by means of ionic chromatography. To evaluate the potential
of dredged fine sediments for use in road construction,
comparisons to specific thresholds defined in the guide
published by French authorities are made [31].
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Fig. 1 Evolution of the water content in function of time for raw sediment and sediment flocculated by the addition of polymer

III. RESULTS AND DISCUSSION

A. Physical Characterization

In this work, the used polymer is cationic polymer, and the
optimum dosage for this polymer was determined at 4 kg/ton
dry sludge. This optimal dose has allowed to obtain the
effective results for its clarity and high dry matter of
dewatered sludge cake. According to standard NF P94-050,
the water content monitoring for raw sediment and flocculated
sediment are measured as a function of time. The set obtained
results are shown in Fig. 2. It appears that a decrease in water
content for the flocculated sediment compared to raw
sediment. The addition of polymer allows the saving of 30-60
days to obtain the same water content. Consequently, the use
of polymer reduces the dehydration time and liberates the site
of dehydration.

Table I presents the test results of physical characteristics of
the studied sediments. From this table, it appears that a 1%
increase in the organic matter after dehydration of the
sediment with a polymer. This increase was related to the
presence of organic compounds in the polymer chain and by
the elimination of the organic soluble or not soluble particles

(acid humic and acid fulvic) by the polymeric chain [29], [30],
[32]. It also appears an increase in the liquid limit (LL (%)),
Plastic limit (PL (%)) and VBS after dewatering the sediment
with a polymer. The organic matter increases the plastic limit,
liquid limit [33], [34] and also the capacity of fixing by
adsorption [35]. For illustration, Fig. 3 shows the difference
between raw sediment and flocculated sediment after addition
of cationic polymer.

TABLE I
PHYSICAL AND GEOTECHNICAL PROPERTIES OF RIVER SEDIMENT

Raw Flocculated
Parameters . ;
sediment sediment
Organic matter content (%) at 450°C (NF EN 7 3
15169-2007)

Specific density (ps) (ASTM D5550-06) 245 243
Methylene blue value (NF P94-068-1998 29 32
Plastic limit - PL (%) (NF P94-051-1993) 85 93
Liquid limit - LL (%) (NF P94-051-1993) 42 48

Plasticity index - PI (%) (NF P94-051-1993) 43 45
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Fig. 2 Visual appearance for raw sediment and flocculated sediment

100 - T
" —&-Raw-sediment
|~ ——RW - Polymer +Agitation for Smin
80

70

+ ===RW- polymer +Agitation for 20 min

The grain size distribution, obtained using the laser
diffraction technique, was carried out on raw sediments and
flocculated sediments with agitation for 5 minutes and 20
minutes. The set obtained results are reported in Fig. 4. It
observed that the polymer addition provokes an agglomeration
of particles. Indeed, 20 minutes of agitation causes the rupture
of the connections between the agglomerated particles and
generates the deflocculating of flocculated sediment.

In general, the polymer leads to create the flocs, which acts
as a glue between the particles by adsorption or by bridging.
These actions can be realized in a reversible way [27], [36].

It is noted that the raw sediment and flocculated sediment
could be classified as an F11-A4 type of material according to
the Frenchguide for materials classification for road
construction. This type of material, depending on the bearing
capacity and the consistency index, could not be used in
embankment construction work.
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Fig. 3 Grain size distribution of raw sediment and flocculated sediment agitation for 5 and 20 minutes

B. Geotechnical Characterization

The IPI (%) CBR index is used to measure the bearing
capacity of a compacted material. The test consists of applying
a static load with a piston and to follow the penetration of this
piston into a material. This test is preceded by the compaction
of sample according to Proctor test, which are necessary to
evaluate the water content, allowing the highest level of
compaction at a field site.

The obtained results of raw sediment and flocculated
sediment are reported in Figs. 4 and 5. The measured values of
the optimum moisture content and the optimum dry are shown
in Table II.

The obtained results show a decrease of the dry density with
an increase in the optimum water content after the addition of
polymer. This result could be explained by an increase in the
organic matter after polymer addition[33].

TABLE II
DRY DENSITY, WATER CONTENT AND CBR INDEX FOR THE HIGHEST LEVEL
OF COMPACTION

River Sediments Raw With polymer
WOPM (%) 18 20
pd (g/em?) 1.64 1.61
IPI (%) 19 25

C. Mineralogy and Environmental Characterization

Using the XRD pattern, see Fig. 5, shows that the studied
sediment contains: Quartz, Calcite and other minerals such as
Pyrite, Halite, Illite. Consequently, the dehydration of
sediment using polymer has no effect on mineral phases.
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Fig. 4 Compaction of the studied sediments
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Fig. 5 IPI index of studied sediments
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Fig. 6 X-ray patterns of raw and flocculated sediment showing of
different mineral

According to the European test standard EN 12457-2, the
environmental impacts of the raw sediment and flocculated
sediment were performed. The set obtained results are listed in
Table II. It appears that the measured values are lower than the

limit values for use in road threshold [31]. From this table, it
also observed that the dehydration of the sediment by polymer
has no effects on the environment, and the chemical properties
of these sediments are therefore considered acceptable for
valorization in road construction.

TABLE III
LEACHATE TEST ON RAW SEDIMENT AND FLOCCULATED SEDIMENT
(CUMULATIVE AMOUNT LEACHED L/S =10 L/KG
Raw  Flocculated Leaching limit values

Elements Sediment Sediment Validation for use in road
As 0.944 0.143 2
Ba 0.556 0.461 100
Cd 0.004 0.004 1
Cr 0.029 0.029 10
Cu 0.348 0.254 50
Hg <0.001 0.010 02
Mo 0.178 0.160 10
Ni 0.088 0.089 10
Pb 0.060 0.060 10
Sb 0.058 0.058 0.7
Se 0.071 0.071 0.5
Zn 0.129 0.083 50

Fluorides 15 18 150

Chlorides 8140 6900 15000

Sulfates 1540 1100 20000
SF 18886 14200 60000

PH 7.950 8.200 [5.5-13]

1V. CoNCLUSION

In this paper, the ability of river dredged sediment to be
used as a sub-bas material is explored. After the dehydration
by polymers, we obtain:

- A reduction of water content, between 30 - 60 days of
difference, to obtain the same moisture content

- An increase inorganic matter causes a slight change in
Atterberg limits and VBS and there is an increasing in the
optimum moisture content with a decrease in the
maximum dry density.

- No effect in the Mineralogy characterization and
environmental impact.

- Raw sediments and flocculated sediments are classified as
F11A4 on GTR and cannot be used in foundation layer.

To use this type of material in the road foundation,
generally it is recommended to treat this type of material by
lime and/or hydraulic binders and granular corrector.
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