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XIS Tnurnées Nationales Génie Cétier — Génie Civil

" LG o ?
Toulon, 29 juin au I juillet 2016

Préface

Les quatorziémes journéesemationales Geémie Cotier & Genie Civil avec
participation étrangére, $¢ sont tenues & Toulen en région Provence-Alpes-Cote
d’ Azur les 29 <30 juin et 1% uillet. 2016 & Pinitiauve da Centre francais du littoral.

Ce colloque s7ifserit dans la continuité des précédentes journées dontles objectifs
sont Pactualisation dés connaissances dans le domaine du séme colier'el du génie
civil associé : les échanges d'idées entre spécialistes des domaimes concernés ; la
confrontation d’snalyses et dexpériences cntre chercheurs et “cotrepreneurs ; la
1ise en relation entre donneurs | ondre, entreprises ot cherchewrss jda préscntation
de techniques ctode matériels nouveaux, amsi que la documentation dispomible
auprés des stands d’exposition ; la diffusion des informations tant sur les activites
pédagoriques, de recherche of de formalion concernant le génie colier ot le geme
civil.
Les actoursadu pénie cotier dont les compétences sont irés diverses, ont bien
comptis tout Fintérét que revet cette manifestation, liew d’échanges, de debals el
de futtres collaborations. L'existence et utilité du collogue ne sont plus &
démaontrer, le nombre des communications cnregistrées, plus de 420 pour un
nombre retemt de 95, o la qualité des contributions comme la participation
francaisc mais aussi clrangére, en sont la preuve.

Le volume rassemble les communications sélectionnées pour le collogoe par le
comilé sclentifiqué. aprés avis du comité de leclure faisant référemec aux
commentaires de deux experts. Ce volume concerne les thématigues sulvantes :

- 'hydrodynamigue chtiére,

- la dynanique sédimentaire,

- I'instrumentation; les mesures, Iimaceria et la teledetections
- les ouvrages portuairessaffshores et de plaisance,

- les éneTyies el ressoUrces MATINES;

- la gestion durable des zones littorales ct estuariennes,

- |csaastuescitiers:

A la lefture i document, lon se rend comple-¢itne part. de 1'élendug-aes
connalssahoes staentifiques nécessairts pour gésoudre Jés/problemes’ complexes
conderrant lete Génde Citier » of pardeds. toule la significafon dulerne« Gemc
Chreleg .

Aussi Ta gestion durableldés'sdnes! itorales of estuariennes est plemement
présente dans ce collogue ol d'autres notions relatives aux aspects humains,
économigues, politiques ¢l juridiques sont considérées. De par les évenements
récents. los Misques ciliers constituent une thématique & part enbicre.

[a thématique relative aux "énergics ¢l ressources marines” s’est installée e
fournit un nombre croissant de communications de qualité. Cette thématique sera
bien présente dans les colloques INGCGC & venir, tant I'activité en recherche el
développement est intense.




|es ¥IEre joumeas Mationales Ganie Cotler — Génie Civil ont pour objet

- dacuaiser les connaissancas dang e domaine du génie cilier et du gére il 3550612

- de permetire des echangss didéss entre gpéciaiisias 028 domainas Concemsas

. da favoriser la confrontation danalyses &t Fexpériances enire charcheurs el enlispraneurs ,

- de mettre en ralation donnelrs dordre arireprises el chercheurs |

- g présenter des technigues & des matarisis nouveallx, sns queda documentaton depanilie auprés des stands
d'exposilon ;

- de diffuser linformation sur 23 activités phdegogiques, de racherchi et de formafoneel sur it rspan: concamant e gérie
citier &l e génie civil [récantes habilitations].

THEMES

1- HYDRODYNAMIQUE COTIERE 5 Vagues, veats, Cyclones, marées, courants, (modeRsalons & approchas siatistiques).

4. DYNAMIGUE SEDIMENTAIRE .= Transpon lithoral, apporis GES bassns versents, bians shdimentairas, envasemeanis,
rosion, Gvolubica mornhodynamigue, modelisalions.

1. NSTRUMENTATION, MESURES, MAGERIE ET TELEDETECTION : Techniques da MESuFs at de modefsation
physique ; Svalabion des paramétres. Hydrodynamigues, sixfimantaires, géatechrigues &l iéciaginues ; rEfBrencemen
hydrographique st nathymétriz ; catalogue gafimenlaire.

4- DUVRAGES FORTUAIRES, OFFSHORE ET DE FLAISANCE : Conceplom, raafisalion, mamtenance at rénafion
douvrages ou d'aménagements ; pors § seq, Buvizun el offshores | MEfnas T corasian chirmigus & haciienns ; 800
concepiion, genie Srokgigue appligué 3 [co-conceplion des amanagemants taraus €1 marilimes.

. ENERGIES st RESSOURCES MARINES - Prospectives, ouvrages st mpacts spironnementauy  (olienoes,
hydrolisnnes, Gnengiss des vagues, ressources mingrales ofshors).

. GESTION DURABLE DES ZONES LITTORALES ET ESTUARIENNES . Amenagement &l Goonomiz du ftoral, impatts
envirannamentaw: ndicateurs C& qualia + partage de [ C5paCce] granutats fmerin, valorisatioprdes sédiments ; aires
marines protegaes.

. RISQUES COTIERS : Broson, syhmersion maring, inondations cofibres, tsunamis, adapialion au changement
cimatique, gesbondas MESqUEs,

Confarences invitbes sur les shématiques proposées en reltion forte avec la Méditermant.
ORGANISATEURS

Ces jouréss st organistes parle SFL (Centre Frangais du Littaral, Daniel LEMBRCHER, Président), MUnirersibe de
Toudon {Vincent REY ot Michel DAMOL) 2t |e Plliedier Maditemanie [Eve RAROND,

conjointemenl &vak . _
- Iz sociEia-ACRT prix scientifique "Emergenca Pierrng GUEVEL",
e CEREMA-EMF, Carie Etydes &1 d Expertise st bes Risgoes, | Emronnemest, 1 Wb e [ ambngosmenl,
- Syndicab¥inde Pors Tomlon Provance (SMPTP),

& partenarial et
“I'Agence de I'eau Rhdne s aditerranée Corse (RMCY
- |a Bacfion francaise de astocistion RIRCH,
|z Bhambre de Commerce el da I'Industrie du Var,
-1a Communauté dAgglomérztion Toulon Provence Méditerranés (TPM).
- la Conseil Départemental du Var,
- IEcole d'Ingénieurs da M'Univ arsitd de Toulon, SeaTeth,
-1 Institut Méditerranéan d'Dcéanologie MO,
- Le Laboratolre d"Econtmie Appliquée au Dévaloppement (LEAD),
.13 sceta LA VISHON France,

= -l Région Provence-Slpes-Chte d'Azur (PACA),

|z socisi ENVISAN,
. la Sociéts Hydrotechnique de France [ZHF},
- |a sociétd TENGATE fsie et Euntpe
&b fa Viile de Toulon,
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La fangue officielle est | frangais ; la deuxiéma langue acoephée estl'anglais.

Les commumications, impérativement onginales, seront sélectionnées au préaiable par le comité scientifique restreint ot ke
prégidznt du comité de lecture (résumdés), puis par le comité de lecture sous le contsile du comité scienffique (accentasion
da Iarticle, comections et choix de [a présentafion orsle ou posier

Las communicafions se gérouleront, soil sous forme d'exposé oral d'une durde da 20 minulas 3w masmurn dscussion
nchuse, soif sous forme d'affiche aprés présentation de 5 minmes.

Les communicabions non présentéss oralement ou sous forme daffiches ne seront pas publiges, linscripfion de Forateur est
cbligataire;

Les auteurs sonlimies @ inciquer leunpretéranca pour une présentafion orabesoy sous forme dafficha

L'enregistremant du résumé dewa &tre efiectué en figne sur e sie

hitpclivew, paralia fitoulon 2016 BB0.0im
Le résumé ne cavra pas eXBGET Une page A4, dans un cadre 19x25.7cm, frappe simpisintarigne. 1l doit contenir - je thame
en en-iete de page, be tire, Jafs) nomis) de I' cu (des) autes(s). irsi que le texta.

SOUMISSION DELA COMMURICATION

Les I:unnun'rr-alfuﬂs de g pages aﬂnté sourmslins inpém& i=ment pour ie {= mars E[HE i l'adresse émm-,rc'que ,JI_||'.|'.:|.||.E

dls..nr l:ule Bl ||gnH 51‘.IF|E site htp.l'.ﬁ.r..-.w .manala_.

Les réponses sur lavaluzfion des commumications par les experts des comités scientifque e de lecture serom
commaniqutes alf plizs tard pour t= 15 avril 2016,

Las auteurs. coivent remvoyes la version difiniive des manuscrits acceples pour fe ler juin 2006, demier gélai

Pdressn CoUrTiar

Comié & Organisalion des XY*= JNGCGT, Vincent REY Comita da Rédactian des XIYem= INGCEE, Marin SANCHES
MID, SeaTech, BaL X, Uniwesdi: de Toulon, 5 61584, Tékenhore ; 00 33 042 5111255 51
J3041 Toulon Cedex 04 Coum] © redactondliparafiafr

Coomed ; revdiireedin - Tal- 04 94 1424 64

STANDSIVEXPOSITION

Réservation dés 8 présent, salon lenambre de places disponibles, auprés de'ls Frésidente du comité d'organisation Eve
RAYMOND, Toulon, Pdle Mar Maddermsnée; par.mai; rq,mum@pnhf'nwrmudilma1ue.mm: soit suprés du secrétarizl
scientifique des JNGCGC par mail : redaction@paralia.fr ou reyi@umiv-tn fr

DATESIMPORTANTES ARETENIR™

+  [ab Erile d'epveides résumas 1= mars 2016,

- ﬁ."t.l!pta'lr..n des msLumaa -du 1“da;=e.|mrg 20i5au I jarser 200650
‘ i £1*mars 2018,

* As::epfa.*r:n des aficdes ; 15 avil 20146,

= 'Enwel du bulleli'n? 2 el'gebit des msgriplions ;2 mai 2015,

=  Envoi des articles comges : 1# juin 2016

+  Envoi du bulfatin n® 3 el programme préfiminaire 10 judn 2046,

LIEU DU COLLOQUE
TOULON

380 Euros avant ke 15mai 2018, {tarif 2006 inchangé), 450 Euras & partir du 15 mai 2018,
Demé-tanf &udiant non commumicant : jusquau Master ou squevalent,
La fiche d'inscription sera incluse dans le bulletin n® 2,
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Investigation of polluted marine dredged sediment in North
Sumatera, Indonesia

Ernesto SILTTONGA '

|, State University of Medan, Jalan Willem IskandarPasar ¥V Medan Estate
Medan 2022 | North Samatera, Tndonesia. ernestosilirongalavaioo.fi

Abstract:

Efficicnt and enyirenmentally reutilization of dredged waste material in Indonesia calls
for a multi diseiplinary effort. That is why, the scientific, technological and cconomic
information required to make an optimal choice among dredged wastc because material
disposal sites 15 now urgently needed in Indonesia. The reuse of dredged sediment as a
new raaterial for the construction of foundation and base lavers [or foads is onc of the
solution. Aneflective method [or reusing dredged waste materials as a now matenial in
road construetion is illustrated in this paper using peszolanic binders (Hy ash and silica
fume). The main goal of this study is o describe the behaviouralaspect of dredged
sediment stahifizad with pozeolanic binders (silica fume and fly ashj as a binder for a
use in road pavement work. The addition of powrclanic binders as a partial cement
replacement s reakized due to its engineering, economic and eselogical benefits. The
first step realized “to identify the mechanical and chemicai-charaeteristics ol the
pozzolanic binders and the'dredged sediments. The second stage consists ol dentifying
mechanical behavigur of dredged sediment with addiion of different percentage of
pozzolanic binders.Fimallv, the chemical “idenfification of*dredged sediments with
various percentage of hinders(with or without pozzelanic binders) were performed,
compared and analysed. The results show that the addition of pozzolanic binders m
mixturedmprovesarechanical characteristics and reduce the pollutants content.
Kévwords? Dredeed sediments; Silica fume, Fly ash, Uncenlined compressive strength,

L eaching Test.

1. Introdisclion

The reafilization of waste fnaterials spch as dredged sediment in road cofistruchion s
one of the main applications. Information about the physical, chemical and biological
processes that need to be considered in particular dredged waste material situation are
linked together by means of predictive technigues. Various alternative existing
treatment methods 1o reuse dredged scdiments have been investigated in European
countrics {BOUTOUIL, 1998). Previous research on the use of raw line sediments m
road construction has shown that treatment by hydraulic binders and the potential use of

iUredoed SS0IMETiis s 8 T matenal in road construchion has becn realized by sever

researchers (ZENTAR et al, 2008; KAMALIL & o, 2008}, Previons sindies CODCEmne
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the potential use of dredped sediments a5 a matenal Oller and in rosd construction was
performed in the laboratory by several researchers (SILITONGA, 2010; KAMALL et
al.. 2008). Simce fly ash 1s by nself considercd a waste, addmg fly ash to trcat
contamnated dredged sediment would beda cost-effective method of disposing of 1t
(SILITONGA ef al, 2009 & 20W0Y. Tt would provide.economic benefits by reducing
disposal costs and mitigating possible negative.cnvironmental cffccts, onginating in
cither the fly ash or thesolid waste through proper emgmeenng sonirel, which 1% why
this study we tried to replace fIy ash as alternative bindersi.It has been known that the
addiion of silica [me, fly ash improve the geotechnical propertés, due o the
poczolanic peacltion#md s role as & micro-fller, o achieve effegliveness of fly ash on
soil stabilization®wwork. The re-utilization of dredeped scdiment prévidcs. cconomic
bencfitsi by redoemg disposal costs and matigating pessible negabveenvirgnmental
effects, arizinatng in either the fly ash or the solid waste, throuzh proper engineering
control, whigh 15 why m this study the rescarcher tmed to replace silica fume as
alternative banders. It has been known that the addition of silica fume impraves the
seotechnical preperties, due to the pozzolanic reaction and its role as amicro-filler. To
achieve ellectiveness of silica [ume on so1l stabilization work, svme researchers added a
small ameount of hydraulic binders such as lime and cement. The need for a large
amount of hydrmulie binder makes the usc of raw dredped sediments malikaly from an
economic point of view. Trying to make a more productive use of silica fame would

have considerable environmental benefits. reducing air and water pollution)

2. Material
The marine dredged sediments used'in this study were taken fromithe port of Belawan,
North Sumatera IndonestagEigure | shows the location of Balawan port.

Figure 1. Muap of Belawan port.
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Access 1o the Malacea Strait linked by shipping channel along & 13.5 km with a width

miws. Belawan port is located 03°47" North latitude and 98°42° Tast longitude, in North

of 100 m and a depth of 8.5 mwls to 10:00 mwls, while harbor pool depthis 6.0 10 1 1.5

stde bordered by rivers Belawan, and Deli river in the South side.

The sediments used in this studv wert taken by Trailing Suction Hopper Dredger. The
dredged sediments were gaken from six different Weations (PoB A-1, PoBR A-2. PoB A-
3, Poll A4, PoBl A=5 and PoB A-6) The Sediments are dredged from the sea-bed at a
depth of about2%m.

)

1 Partigle size distribution

21 1 Dredged sedimenis

Different methods have been used to describe the particle sizc distribution of powders
of yarious types and sizes up 10 now. In this study, @ Beckmud Coulter LS 1332 SW
laser diffractomerer was uscd to determine the particle sizc distribulion {(PSD) of the
dredged sediments. Another advantage of using binder with fines particles such as silica
fume, is'its particles size distribution. It has been known that particles size distribution
control the water demand and workability of the mixmre. Previops study have shown
that icalcitnn content, the size distribution and the shapc of the particle of flv ash were
the most impertant parameters acting on the strength development ratelof the mixture
(JATURAPITARKKUL et af, 1999), study by BINICI er al. (2007} showed that the
specimen with a beiter fineness and a narrower particle size/distribution had the highest
compressive sirength, sulphate resistance comparsd the others specimens. Besides
provides the strength development rate, the fififness particle size of the binder such as
silica fume (SICETONGA, 201 0). a narrower particle size distribution could present a
high compressive streagth, sulphate resistance (JOSHI & LOHTIA, 1997). The
mfluence of the finer particle Sizcrof silica produces more reactive pozzolanic reaction
because smaller particle size of silica fume with a figher surface area and glassy phasc
cantenl alsofmproved the puszolanic reaction.

Thereggre swbitypes of silied fume used in this sty (3F] and SF2)a% shtwd in figure
1. all binderyutilized have differefil paricle/Size distfibution from fhe pomiiof yew of
particle diameter most fepréseiitative; silich fume tupe HE24 iy has finer particles
than-type 2 (SE2). Frony this resalt] ifuan be expecied that silica fume-2 content will
provide mere strefigth ‘0 miechanical test. The previous experiment by Silitangs
(SILITONGA, 2010) showed that the compressive strength lends to reduce as the mean
particle sizc increases for all curing ages. The reduction of the strength might be caused

by coarse particles of binder tends 1o reduce the ability of packing effect of binder and

disturbing pozzolanic reaction to enhance mechanical charzcteristics,
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Table . Characteristic diameters of dredged vediment cement, flv ash and silica fume

Parficle size T o) DE0 faee) DY e ) Clay () Silis () Sared {Fa)

<2 qm F—dFpm =03 um
Dvedeed sediment 1683 4. F:922 3.94 L) 34,24
Cemend T a2 R T3 S 12 HLOT

115 s 21,83 " e 2009

Silicw fieme 1 933 iy
Silica fime 2 J.a0 24 A5 4043 £33 .0

7 1.2 Pozzolanic hindérs

As shown in'table 2,%¢c can notice the differences in chemical analysis bebween silica
fumc typed (SEFLand Lype 2 (SF2) but it can be secn that SFI apd SF2'were both
charactetized by ahigh content of 510 (75-92%), the difference berween SF1 and SF2
is the amount of the minerat ineach silica fume.

It is well known that high content of Si0; and its mest particles constitute the most
important factor to improve the physical properties of the mixture. {compressive
strenglh, tensilestrength, ete.). Silitonga on his rescarch noticed thatione type silica
fume which possesscs higher Si0: content, produces higher resistance on Unconfined
Compressive Strepgth Test (SILITONGA, 2010). On the other hand fly ash eontains
more CaQ))which isvery important to help pozzolanic reaction. According to this result,

we can expect that SF1 will be more reactive than FS2 as a pozzolanic binder,

Table 2 Rexult af Chemical Test berween 5F 1 and SF2

Parameter Silica fime | Silica fame 2

Ciorioarr Light Silver Daric Silver

.i'T.'{..:'_' Bl - G2 TE-85

Fel 1,52 -2
AT i I
Cail? 05T {L3-{

M f-I5 ,
it 0.5 17 .2 - (L&
&7 -3 [

i 05 3-1
Free Galkys) <. o Y
S0 (Tl = I 7 5]

OB = {2 < i3
Speciiic area (gl 1§-235 23

3. Methods and Results

3.1 Preparation

The dredged sediment. oven-dried for 5 days at 60°C was pulvenized o 2mm sieve size,

it was initially mixed with determined quantitics of fly ash, silica fume, lime and
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cement as a inder, in a dry state and sub h.,,quu'.:'-'. mixed with waler by a mechanical

mixer with a speed of 150 rd/min for a period of approximately ¥ minutes, After mixing
the samples were prepared with the static compaction method, at the OpLmum moisture
content and maxmmum density detenmined by Proctor test. Cylindrical specimens
(e=40mm, h=80mm) were used for-uncomfined compressive strength lesting. The
COMPrEssIve strength iz degerrmined using a 10 kN capacily automaric COMPTEsSIon
machine :L'-:n:'clir-;;: to NF EN 1961 (NF, 1995).on a=simple speed cross-head moving
machine at a speed'of’ 1 mmis, The samples were pushed out from the mould dircotly
after completion'of the compaction and were stored in the euring zoom until testing at 7,
| 4,28, 60, 90, 180 and 360 days.

3.2 Mix desion

In orderito determine the effect of pozzolanic binders on the mixtires performances,
everal compositions were realized. The diffcrent formulas in this cxperiment are given

Table 3. Mixtures composition performed
MNmae Symbad P F52 % Limre %) Cenrent (%)
Silico fume Typed SF-fA 3 - ) 2

SE-1B ] - z

Silica fiume Tppe 2 SE-2A - 3 2 2
FFL - 7 2
Cenremt CEM-{ - ]
The goal of manufaetumng SF-1B and SF2B, was to cempare the influcnce o

pozzolanic binders if the amaunbincreases two times. The amount of 2% of cement was
the common amount that normally wsed mm the road construction field, duc to this
reason, he-sample.GEM-1 was realized. CEM-| and CEM-2 were realized to identify

the behaviowrol the mixtures without any pozzolanic binders.

3.3 Ugtonheed compeestive siepsth (W CS)
In orderio.dttermine the eflect of binders used in W% study, one of the most commen ly

parameter-in road | constidction,  Linconfingd Compressive Strength (UCS) test was

realized. The result of UCS test was shown in figure 2.

As shown in figure 2, we divided all result to 2 different ages, (2) early-medium age (7-

28 days) and (b) long tcrm age, all the mixturcs were tesied al age of 7, 14, 28, 60, 90,

180 and 360 days. This method is realized 1o help to identify the improvement pattemn
s

of LTS, The hydration of cement is well known contribute a rapid strength gain of the

samples. This theory shown at UCS test result at early age (7-14 days), As shown in
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table 4 up until the curing age of 28 days, samples with high cement content (CEM-1
and CEMZ2) have the highest UCS valucs. Al Long term (90-360 days)

sample with cement content do not show any significant UCS values IMProVermer
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Figuree 2. Results of Unconfined C ompressive Strength (UCS) tex:

Table 4. Resulisof Uncenfined Compressive strength (UCS) rest
Name ¥ Days I Dayx 28 Days 60 Days 99 Pays 180 ays  F60 Days

Lhredied sedineend 057 a8 L8y ar (F G R {Lags
Y e 0re oy I3 I52 S e {03
SF.In naz i ] [z 1.3 Jd 8 o4 i.%3
SF-ZA i85 v i i3 o IA oy !

SI-2n (R o 166 159 127 iex Fo7

CEM | .1 I35 e ) ! [ G -] £

k=5
ud

Samples with silica fume content show an important increase values especiallyv sample
wilh (Ypecontentol sitica fume (SF-2). At this age (7 days) the cffect of the finest
particle sizef silica fume plaivd an Imporiant rele o inprovethe UCS, help tosencrate
heat, which” accelorites the comentiious and PoFzolanic reactions! Normally ihe
hydration ol Silica Tt sar o contribiiies strenglh gain at 4 days curing dges;

The performance between type 1.apd ivped silica Tume (SF1 and SF2) dics pat show
very larpe-flifference MAlthoush Bswelcan see the type 2 silica fume (8F2) with 6% of
silica shows a significant improvement an UCS performance from early age (7 days) up
to long lerm age (360 days). These results show that the type 2, with 6% silica fume
(SF2} used in this study help lime to provides Ca(OI1),, required for the pozzolanic
reaction to occurs and produces C-A-H and C-5-1 which are + eIy important factor to
the strength gain. From the result we can notice that the ideal amount of silica fume to

make difference Is 6%. Samples with 3% of silica fume did not show a significans
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difference on UCS performance to identify the difference of particle size distnbution or

chemical properties of each silica fume.

3.4 Leaching test {Chemical properties)
In order to identify the content of the'pollutants 10 dredged sediments, leaching test was

performed for sediments from all locationsy{see table 5). The'dredged scdiments were

taken from six differentlecations ( PoB=1, 'aB-2 . PoB-3, PoB-4, Pol3-3 and FoB-6).

Tuble 3. Results of leaching test
Element Poli=] Frf=-2 PoB-3 PolB—4 Pali-¥ PoB-a

Mirderd, NI e Ir ETE it 03 (L3
Cadminn £ 185 (L& (25 1.5 I 08 LT
Clromriue, Er oz [Liy {8 .27 (BT Ly
Copper, Cit LR 242 hir {7 a 4
Legd Fh i 1R ird L35 aav 43

Zine, Zn 248 g2 33.0 24 L1 205
Mercury, He LML (L2 (i RIS S0 Ly
Arsenic, A3, Lo i 0a L35 (LS 08 a4

The results in table 5 show that from all locations m which the sediments were taken,
sample from PoB-5 is the most contamimated among others, according to its guantity of
heavy metal contaminants, especially Zine (£n) and Copper (Cu).

The dredged sediment was plagned for land application. Towever, as thefland applied
dredged sediment 18 subjected to drying and oxidationstransformations'm the chemical
forms of heavy metals may affect thelr mebility and biweavailability, and phylotoxicity
may occur by the applicationeef dredged sedimenl on land. Therelore, 1t 15 necessary 1o
asscss the environmental risk of the'deedged sedument*before its land application. This
leaching test was realized according to French standard NF X 31-210 (1998), which
refers toothc soluti®irecomiaining the solubilized elements during the test, which are
perfotmed opthe-analytical-chafacterization.

[he leaching’ test 437 divided in. throe #leps according log#the chemital ep¥ironment
apphied inyibe test (A} thcslaieleachue, e idantify the leached €lementsinsolihion
after prisciifing sample to the aqueons golotion, (B sesu-dynamic leaching, whes€ test
applied with a repular renewalofthedeaching solution, (o) the dynamic leaching test in
which the leaching solution is continuously renewed. This leaching test is a simulation
to identify the mixture reaction to aggressive chemical environment.

Fach country in Furope already cstablish their own reference values for waste landfills,
but in order to unify the same acceptable reference values for waste landfills, the
Eurepcan Council established reference values (No. 2003/33/EC) for the acceptance

criteria in inert . non-hazardous and hazardous waste landfills. These values relate (o the
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elements contained in the leachate and nol in the raw material. The reference values are
shown in table 6. Because of the lack of reference values especially for dredged

sediment in Indonesia, the suthor decided to utilize reference values of Furopean
Council. In order o classify the dredgedisediment of Belawan, these reference values

used to identify/ classify the.amount of pollutants in sediment ol Porl of Belawan

. - - o (] J
Tahle 6. Reference values fordredped sediments

fnert wasie N n;.l.'r-.l'zu;.nrdi'.lu.v woshe Hazardpuy wasiie
0.4 i 20

(RN RS i ¥

2 il i

0,01 {13 3

i3 i i

! i 2N

Ly Il ¥

.3 af 25

[n this paper,only leaching test result for Cadmmm (Cd) and@CopperdCu) were
presented and amalysed. As shown i fgure 3, lcaching tlest for dredgetl sediment
categorize in non-hazardous waste (1-3 mg'kg). As shown in fisure 3_the effect of
binders utilized rednces the concentration of Cadmium and Copper. Although only
sample with 6% of silica'fume (SF-2) show a sigmificant reduction in Cadmiam
concentration, aller treatment with §%wofsiliea fume the concentration reduces from
category Non hazardous waste to Inert waste. 'This concentration element reduction 18
surcly due to the presence ofsilica fume, Apparently ewen though the sample shows a
diminution of d concentration but the"amounit of 3% SF was not sufficient to produce
remarkable reduction of Cd concentration, Samples with fly ash content equally show a
reduittion op*Cd concintzation, although it is not as remarkable as sihca ome, bul we
gould sée the effeceof fiv ash*to reduec the Cdetongenation. Probably betanise the
samples avere exanmined at 6l days otcuring age If the'lcaching tost bad bommrealized
at-9fFR(Lar 160 Aays. there ts possibilitics that the-samples-with Hy ash would have
shown a imporianteffect on-réducing Hem'y Metal element concentration. Atdong term
curing age (=90 days) the porzolanic reaction of fly ash already reacts completely. On
the other hand, sample with only cemcnt content show a minor reduction of Cd
concentration compared to initial Cd concentration. The increase of percentage of
cement (from 4% lo 8%0) does not give remarkable reduction, from this result we can
consider that cement as a binder is not cffective cnough to reduce the heavy metal
concentralion.
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almost stop after 60 days. The research has shown that, from the comparison of
different various specimens, the sediment stabilized with silica fume-lime-cement have
the most potential values than the others to ofler an alternative for stabilization of
dredged sediments. From the leaching testethesprescnce of silica fume i mixture
proved effective to reduce the amount of pollutant m dredged sediment, thus the
dredged sediment could be reused as anew material The sample with fly ash content
requires more time (=90 days) to maximally react and reduce the pollutamis.
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