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Investigation of polluted marine dredged sediment in North
Sumatera Indonesia
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Abstract:

Disposal of large sediment from dredging aclivities will he intractable problem in
Indonesia, The reuse of dredged sediment as a new material for the comstruction of
foundation and base lavers for roads is vne of the solution. An effcetivermethod lor
reusing dredged Waste malerials as a new materal in road construction is illustrated in
this paper using Pozzolanic binders (Fly Ash and Silica Fume).

The main geal of this study is to describe the behavioural aspect of dredaed sediment
stabilized with Pozzolanic binders (Silica Fume and Fly Ash) as a hinder for a use n
road pavement work. The addition of Pozzolanic binders as a partial cement
replacement is realized due to its engineering, ceonomic and ecological bencfits. The
first step realiged to identify the mechanical and chemical characteristics of the
Porzolanic binders and the dredged sediments. The seeond stage consists of identifying
mechanical behaviour of dredged sediment with addition of different percentage of
Pazzolanic binders. Binally, the chemical identification of dredeed sediments with
various percentage of binders (with or without Porsolanic binders) were performed,
compared and analysed. The results show that the addition of Pozeolanic binders in
mixture improves mechanical characleristies-and reduce the pollutants content.

Kevwords:
Dredecd sedimetils, Siliea Fume, fly ash, unconfined eemipressive strength,- beaching
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1. Introduction
Efficicnt and environmentally reutilization of dredged waste material in Indonesia calls

for a multi disciplinary cffort. Thal is why, the scientific, technologicsl and ceonomic
information required to make an optimal choice among dredged wasle hecause material
disposal sites is now urgently needed in indonesia-Ayailable or attainable, there are
many constraints on policy implementation needed to be desizn.

Information aboul the physical, chemical and biological processes that need to be
considered in particular dredged wastc material situation are linked together by means
of prediclive techmiques. Various slernative existing treatment: metheds to reuse
dredged sediments have been investizgated in European country (BOUTOUIL, 1998).
Thermal treatmient, bio-remediation, solidification/stabilisation by hydraulie binders,
washing, bul due to high costs, several existing treatment methods are geldom nsed. The
colidification/stabilisation of dredged sediment by hydranlic binders is ome of the main
allematives. Previous studies conceming (he potential use of dredged sediments as a
material filler and in road construction was performed in the laboratory by scveral
rescarchers (SILITOMGA, 2010: KAMALIL et al., 2008). Since fly ash is by itself
considered @ waste, adding fly ash to teal contaminated dredeed scdiment would be 2
cost-effeclive methodof disposing of it (SILITONGA et al., 2009). ki would provide
economic benefits By reducing disposal costs and mitigating possible negalive
environmental effects, omiginating in either the fly ash or the solid waste, thromgh proper
engincering control, which is why in this study we tried to replace fly ash as alternative
binders. It has bee known that dhe addition of Silicafumc, lly ash improve the
geolechnical propertics, due to the pozzolanic reaction and ils role as @ micro-filler, to
achieve cilectivencss of fiv ash on soil stabilization work. Besides trying to find ways to
rentilize dredged waste material {sediment) trying 1o make a more productive use of
other waste such as fly ash would have considerable environmental benchits, reducing
air and water pollaten. A chemical, mineralogical and physical characterisation of this
new material was performed.

2. Materials

This study was pérformed using the imaripe dredied sediments from Port of Belawan,
North Sumatera Indonesia. Two types Binders were uscd in this part of the main
research: Fly Ash (FA) and Silica Fume (5F).

2.1. Site Description

The marine sediments used in this study were dredged from Porl of Belawan, North

Sumatera Indonesia (Fig. 1).
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Figure 1. Map of Port of Belawan.

The location of ports of Belawan is very strategic. Access L0 the Malacea Strail Tinked
by shipping channel along + = 13,5 km with a width of 100 m and a depth of 8.5 mwls
to 10:00 mwls, while harbour pool depth is 6.0 to [1.5 miws. Belawan Part is located
03 47 ' North lakitude and 9%% 42 East Longitude, in MNorth side bordercd by rivers
Belawan, and Deli river in the South side.

The sediments used in this study were laken by FSHP (Trailing Suction Hopper
Dredzer). The dredged sediments wore taken from six dilferent locations (PoB A-1,
PoB A-2, PoB A-3, PoB A-4 PoB A-3 and PoB-A=6). The scdiments arc dredged from
the sea-bed atabout 22 1m in depth.

?.;. h{a: .:TLE'L[E.
7 2.1, Particle size distriburion

Dredged sediments

DiifTerent methods have been used to describe the particle size distribution of powders
of varous types and sizes up to now. In this study, a laser diffractometer Beckman
Coulier LS 1332 SW was uscd to determine the particle size distribution (I*SD) of the
dredued sediments, Another advantage ol using Binders with fines particles such as
Silica Fume and fly Ash, s its parlicles size distribulion. It has been known tha
particles size distribution control the water demand and workability of the mixmre.




Table 1. Characieristic diameters of dredeed sediment cement Ay ash and silica fime.

FParticle size  DIO (um) D30 (um) DO (o) Clay % Siles (%) Sand 5}

= 2unmy 2—8F gy =63 pm
‘:J:;”‘:é': {:;*' 683 #6.7 3.922 396 6181 3423
Cenmtent 7307 3424 (.64 ET 56,02 T
Fly ash 661,65 14.13 2.07 811 U 172
Sifica Fame 180 T2y &3 43 T T1.07

The previous study shown by JATURAPITAKKUL er af (1999} shown that calcium
comlent, the size distribulion and the shape of the particle of fly ash were the most
imporiant parameters* provide the strength developmenl rate of (he mixture
(JATURARITAKKUL er al, 1999). Study by BENICI ef af (BERICI ef al, 2007)
showed that the specimen with a better fincness and 2 narrower parlicle’size disiribution
had the highest compressive sirength, sulphate resistance than the others Specimens.
Besides providesithe sirength development rate, the fineness particle size ol the binders
such as Silica Fume and Fly Ash (SILITONGA, 2010, a narrower particle size
distribution could present a high compressive sirength, sulphate resistance (JOSII &
LOTHIA, 1997). The influence of the finer particle size of fly ash produces more
reactive porsevlanic reaction because smaller particle size of fly ash with a higher
surface arca and glassy phase content also i mmproved the pozzolanic reaction.

Az shown in Fig: 1, all binders utilized have diffcrent particle size disiribution from the
poinl of view of diameter particle most representative; Silics Fume (7.24 pm) has finest
particles than other binders (Cement and Flv Ash). From this result, it can he cxpected
that Silica Fume content will provide more strength in Mechanseal test. The previous
experiment by SILITONGA (SHUTONGA, 2010} noticed that the compressive strength
tends (o reduce as the mean p'a.."n-::le size Increase for all curing ages. The reduce of the
strength might be caused by coarse particles of binder tends to reduce the ability of
packingflect of binder and d:-,-.lurbmn powzolanic regetion toenhance mechanical
charagteristies,

222 Chemicaf properties

LDredeed sediments

The dredged sediments were taken from six different locations (PoB A-1, Pol3 A-2, PoB
A-3, Poll A-4, Pol} A-5 and Pold A- 0). In order to identify the content of the pollutants
m dredged sediments, Leaching Test was performed for sediments from all locations.
The results in Table 2 show that from all locations sediments were taken, sample from
PoB-5 003 is the most contaminated among others, according 1o ils quantity of heavy
metal conlaminants, especially Zine (£n) and Copper {Cu).

Ha




Table 2. Heavy metals in dredged sediments.

Elemeni Pali-f Pal-2 Poh-3 Pali-t FaB-3 PaB-6
Nickel, Ni . ii7 0.04 011 .05 003
Cadnginee, Cd L85 0. 56 .29 [.96 1.68 2.07
Chromium, Cr 0022 (.04 0.5 [ 54 038

" Copper, Cu 0.71 0247 (3 0.2y 0.6 {h41

" Lead, PB 0.67 0.9 0] .45 017 .43
Zinc, Zn 24.6 75,2 35,00 328 411 29,5

“Mercary, Hg _ 0.008 o005 Wami N Apapss Snoil  WO0.00!
Arsemic. Ase*t (.18 .08 138 novs . 008 024

Pozzolanic bingers

As shown in Table 3, differcnces in chemical analvsis between Silica Fume (SF) and
Flv Ash (FA) can be seen shat SF1 is charactenized by a high content af 5i0; (90-92%).
this is oneof the strong point of Silica Fume beside its fincst particles if compared Lo
FA. It is well known that high content of 5i0)- and its finesl particles comiribute the mast
important factor o Improve mixture physical properties. {Compressive Sten oth, Tensile
strength efc.). SILITONGA (2010%0n his research noliced that one type Silica Fume
which possess higher content of Si(), produces higher resistance on Unconlined
Compressive Strength Test ( SILITONGA, 2010}

Table 3 Components af hinders used.

Parameter Silica Fume  Fly Ash
Codor Silver {(Frizy —
b1 wo -2 47-53
_.Fr’?!'}_‘f I.5-7 F4.5
AL203 ! F5-35 N
-_{Tuﬂ 051 0=
Mg i 13 1-25
Nald iz J n2-i2
K30 -3 k3 1.0
@ ! i 4
Froe Cali%) < 1 e
S03 (% £ 1 (L I=05 e
i (%) <2 < 1.5
; Surface specific (m ) I8-I5 a1 o

(Jn the other hand FA has more amount of Cal), which is very important 0 help
pozzolanic CACTION OCCUTS. According to this resull, We can expect that SF1 wall be
mure reactive than F52 as a pozzolanic binder.
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3. Methods and results

3.1. Preparation

The dredged sedimenl, oven-dried for 5 days at 608C was pul rerized o 2mm sieve size,
it was initially mixed with dete -rmined gquantities of 1y ash, Silica Fume, lime and
cement as a binder, in a dry state and subscquently mixcd with water by a mechanical
mixer with a speed of ]‘:.;]. rd/min for a peniod of : approximately 8 minutes. After mixmg
the samples were prepared with the static compaction method, at the optimum moishire
conlent and maximam depsity determined by Proctor test. C ylindrical specimens (0 =
40mm, b - S0mm) were used for unconfined compressive strength testimg. The
compressive steength is determined using a 10 kN capacity aut omatie” Gompression
machine according o NF EN 196-1 (NF, 1993) on 2 simple specd cross-head moving
maching at a speed of 1 mm's. The samples were pushed out from the mould directly
after completion of the compaction and were stored in the curing room until testing at 7,

14, 28, 60, 90, 180 and 360 davs,

. }:ii.{ﬁpﬁ_‘.l_

In arder to determine the effect of pozrolanic binders on the mixiures performances,
several compositions were realived. The different formulas in this experiment arg given
in Table 4.

Table 4. Mixtures composition stugied.

Name Symebeal FSI %) FS2(%) Lime(%) _Cemoent i)
Fly sk FA-Z 5 3 7 > i
Fd-2 o 2 2
Sili )
F u:-::.' e ) 3 A <
B2 - i 2 2
Cement CLEM- > - = 4
CEM 2 : | - 5

The goal of fanusfachrmgSF22 and FAL2 was to compare (he influence of pozzolanic
binders if the emouflvincrcases tve fimes. {Lnc amount of 4% of comemt wag the
common amount that normally used Tn the road construction Geld, due to this reason,
the sample CEM-1 was realized. CEM-1 and CEM-2 were realized to identify the
hehaviowr of the mixtures without any pozzolanic binders.

3.3. Unconfined compressive stremuth (ULC.S)
Tn order to determine the effect of Binders used in this study, one of the most commuonly

aramcler in Toad construction, Unconfined Compressive Strength (TJCS) Test was
realized. The Tesult of UCS test was shown in Fig. 2.
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Figure 2. Unconfined compressive strength rest.

All the mixtures were tested at age of 7, 14, 28, 60, 90, 130 and 360 days. As shown in
fgure 2, we divided all result to 2 different ages, a) carly-medium age {7-28 days) and
blong term age. This method is realized to help to identify the improvement pattern ol
UCS. The hvdration of Cement is well known contribute a rapid sirength gain of the
samples. This theory shown al UCS test result at early age (7-14 days). As shown in
Fig.2 up until the euring age of 28 davs. samples with high'cement content (CEM-1 and
(CEM?Z) have a highest UCS valucs. At Tong term (20-360 days) curing age sample with
Cement content do not shew any significant LICS valucs mmprovement.

Samples with Silica Fume conteat show an important increase values especially sample
with 6% content of Silica Fume (SF-2). Al this age (7 days) the effect of the finest
particle sizeeofesilica-Fume plays an important role lo ymprove the UCS, help o
generile heatyWhich accclerates the cementitious and pozzolanic reaction. Normally the
hydrationof Silica Fume start to contribyles strengthegain at 14 days curingages.

On the other hand samples “with - Fly~ 48 content show any . sign’ of - imporism
improvement UCS gain al early coring age. The, poévolanic reaction normallyneed to
tzke a long time 10 contribute strength odin,jin this test, Samples with Fly ‘Ash"Content
started to show an sipnificant improvement UCS values at curing age of 90 days and
continue show an significant inerease of UCS values up to 360 days. This resulls show
that the tvpe of Fly Ash used in this study probably help lime 1o provides Ca(OH)2,
required for the pozzolanic reaction lo vceurs, and produces C-A_H and C-5-H which
arc very important factor to the strength gain.

BT




3.4. Leaching test

The dredged sediment was planning to land application. However, as the land applied
dredged sediment is subjected to drying and oxidation, transformations in the chemical
forms of heavy metals may alfect their mobility and Dioavailability, and phytotoxicity
may be ocenrred by the dredged sediment land application. Thercefore, it is NCCESsary Lo
assess the environmental risk of the dred ged sediment before iis land application

This Leaching Tést was realized according (0 French standard NF % 3 1-210 (1998),
refers to the solution containing the solubilized elements during the test, which are
performed gn the analytical characterization.

_Tabie 5. Referencevalues for dredped sediments.

_ Tnert waste New-hazardows waste Hazardouy wayte __
{4 13 <13

i I 5
! i i L

ll'--'e' [ 2 F
0.5 10 0 =
& il 2N
.07 " 5

03 7 73

The: leaching testis divided in three step according to the chemical environment applied
m the test:a) The static leaching, we identily the leached clements in solution after
presenting sample to the dqueous solulion, b) semi dynamic leaching, where test applied
with a regular tenewal of the leaching solution, c) The dynamic leaching test in which
the leaching solutien is continuously renew. This legchin £ test 15 a simulation Lo identify
the mixture reaction fo agoressive chemical emvironment.

The decision of the Furopean Council No. 2003/33 B has established reference valucs
for the acceptance criteria in inert waste landfills, non-hazardous and hazardous. These
vialues relalc to the elements contained in the leachale and not n the raw material, The
refezence valwes were shown in table 5,

In‘this paper;only Leaching lest resultfor Cadmiti (Cd¥was presenréd ahd analyzed,
As shoWn i Figld: Leaching Tost for Dredged sedimehi categorize.in MNon-Hazardons
Waste (-5 makm™ Az shown i Fig 3, the“efféct of binders utilized reddces (he
concentration of Cadmiun. Althoygh only sample with 6% of Silica Fume (5F-2) that
show an significant reduce Cadmium concentration, A fier treatment with 6% of Silica
Fume the concentration reduce from Category Non Hazardous Waste 1o Inert Waste.
This concentration element reduction surely due (o present of Silica Fume, Apparenily
even though the sample show a concentration diminution of Cg concentralion but the
amamt of 3% SF was noy cnough o produce remarkable reduction of Cd concentration.
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Figure 3. Cadmium valie relate o the elements contained in the leachate.

Sumples with Fly Ash content equally show a reduction on Cd concentration, although
.t ic mot as vemarkable as Silica Fume, bt we could see the clfect of Fly Ash to reduce
the Cd concentration. Probably because the samples were examined at 60 days of cunng
aue, if the leaching tes! cealized at 90, 130 or 360 days, there is possibilitics the samples
with Fly Ash will show a importance effect on Teducing Heavy Metal element
concentration. Atlomg term cuning age (=90 days) the posrolanic reaction of Fly Ash
already reacls completely. On the other hand, Sample with only Cement content show a
minor reduction of Cd concentration com pared to nitial Cd concenteation. The increase
of percentage of Cement {From 4% to 8%) does not zive remarkahle reduction, from this
result we can considerthat Cement as & binder is not clfestive enough to reduce the
heawvy metal concentralion

4, Conclusion

The main.goal of this' ciperiment i« to identify the cflect of binders especially
pozzolanic bimder such as Fly Ash and Silics Fyme” on the strenathsbehavior, its
capabity 10 reduce the polluthnes, The impfovement i meghanical propartics such as
umeonlined compressive sirength values were investipated Sediment-cement mixtare,
sedimeni-limc mibture and sedimeni-Silica Fume/ Fly Ash-lime-cement Fiixture Were
prepared and compacted at the pptium water conlent, Unconfingd compressive
sirength tests were then performed on these mixmres in nommal conditions and in
extreme condition. The UCS value gained by specimen treated Fly Ash was
continuoushy increase up to 100 days, although the percentage of increase 15 not as
higher as specimens ireated with Silica Fume, for the specimens treated by cement, the

-nerease of UCS value srength almost stop after 60 days. The research has shown that,

from the comparison of different various specimens, the sediment stabilized with Silica
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Fume-lime-cement have {he most pn-:‘-nu 1 values than the others to offer an alternative
for stabilization of dredged sediments. From the leaching Test, the prese of Silica
Fume in mixture proved effcctive (he reduce the amount of pollutant in dredged
sediment, thus the dredged gediment could rewse as a NS material. The Sample with

Fly Ash conlent requires mors time (=90 days) 1o maximally reacts and reduce the
pollutants.
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