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Development of stabilization technology for fine marine
sediments with high water content and improvement of

beneficial use as geotechnical structures
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SUMMARY

Coastal sediments have high water contents and high fine contents(70~90%) of
fine particles less than 75 pm comparing to top soils(water contents 3~5%). Because
of these characteristics, it is difficult to effectively utilize sediments originated from
coastal areas since particle separation, dewatering, wastewater treatment and
transportation are difficult in site or near dredging sites, Currently, solidification
or stabilization technologies which is remediation technology are commonly applied
for the beneficial use of dredged materials or marine sediments. General
solidification mainly used quick-drying portland cement, however it requires a
curing period of about 8 days followed by the treatment. Moreover strength of
treated materials is proportional to the amount of solidifying agent(s). In land,
treatment sites are mostly isolated from human living environment. Therefore,
even if there is a need for storage after treatment, or if aesthetic problems such
as occurs, it could be solved through environmental management within the
treatment sites.

However, in case of coastal or marine areas, it is necessary to develop
technologies that can be effectively utilized within relatively short reaction time
and transported also in site or near dredging sites, Based on the results of this
research, core technology was secured for developing technology to improve
stability of fine sediments with high water contents. Marine sediments(water content
60.2%, fine particle content 86.7%) which are reported to be difficult to treat with
commercial solidification or stabilization technology, are treated with additives
involving  SiO;, Al,O3 which causes hydration reaction. Then treated
sedimentschanged gelly like state within 30 min. And uniaxial compressive strength
was found to be 0.5~1.5 MPa or more after 3 days depending on treatment
conditions. Finally, treated sediments could be beneficially used as constituting

ground materials such as soil materials.

KEYWORDS: Sediments, fine particles, water contents, stability improvement, beneficial
use
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¥ 22 A= SAAEH #d Vs
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Dredging Operations and Environmental Research Program
Focus Area - Innovative Technology

METHA Plant, Hamburg,
Germany'

BACKGROUND The METHA Piant is a permanent installation constructed in 1993 to address
disposal of contaminated sediments dredged from Hamburg Harbor. The
plant handes approximately 1M fons of dredged material every year.

TECHNOLOGY Sand and fines in the incoming dredge slurry are separated in two steps
(83 um and 20 pm) at the front and of the plant. Fine matarials ara
processed through the dewatering circuits (Figures 1-4), then the two
materials are combined in a disposal area, layering 1.5 m of dewatered siit
over 0.3 mof sand, to faciliiate further dewatering. Matenal is stacked up to
38 m above the surrounding area.

Higure 1. Frocess schematic— separalion (Uelzner 2004)
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A 3% AT ¥ g B A

31 §3E A7 EA

7 B3s Ao 54

o B AFo] A3 AEE N oAl Van Veen grabs o] & HAE

o

5l

S
et

o}

S, @FA 2AAA, AZ T FFES AYSAS
o HAEL AHT AT AL B AEHE TR OV’\—OPO# W 2SS
o HAELS | mm SieveE ALl &4 A A2 T B D AL
o HAHELS FEAAZX & 743 & g AEE AMES
Masanhappo-gu

35°1240N — —, TS

Changwon-city b

353°09°05"N —

N ® 35:2300°N
12893512 4°E

35°05°30°N — \

Zkm——

. HHE Amel Belserd 54 ¥/ A3 £ 313 E 320 ek

% 3.1 HAE AR ZY5E 54
Particle size distribution (%)
Water
TOC(%) COD(mgkg)  IL(%) pH  contents (%) /50 75-32pm - <32/m
2.51 37.85 12.38 7.04 60.17 13.28 15.86 70.86
%32 948 /29 FE4 09=
Cr Ni Cu Zn As Cd Pb
54.02 27.45 100.17 386.23 11.23 1.30 73.23
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U Al AAY EA

o 48 33 /AAIA = FE AWNE AE o

- FAELE Ca0, Mg0, Fe,03 59 A3l E &
Ay A

- F9 15 WMo FHUd, olewd % 9 S5
- A8 ¥ 7 %(Strength) A4 74X W@ 71 AZF BL(FAINT oF 79)
o WA EY AN E AHE AY %}xﬂ% Afsta, AWE AD AHo
B4 QRS Frbete AFF AA T B 5 O AR AL
- BH B B vatd Fego] e Eomg B AL AA AL T
- w3 HAHES B Wt MAAR o] EomE T g AA AL
o

o g AA T FE FIHNEE LT 5 Jdon, @It At rhsd AAE
7
- HxwA weE ustE A3 73 9 2T NS flgt A8 NE AA F
Si0,, AlO3 &l ®on, Cal, MgO o] @2 AAE 44
- Z3}4k-3-(Hydration reaction)
2(3Ca0-Si0,) + 6H,O0 — 3Ca0,-Si0,-3H,0 + 3Ca(OH),
2(2Ca0-Si0y) + 4H,O — 3Ca0,-2Si0,-2H,0 + 3Ca(OH),
2(3Ca0-Al,03) + 27H,0 — 4Ca0,-Al,03-19H,0 + 2Ca0,-Al,03:8H,0
- X Z 3 (Pozzolanic reaction)
Ca(OH 7 + [SIOZ ALzog] = 3C80'28102'3H20, 3C80'A1203'6H20
- AR Te A4 Af 2AEA A= F4e A 7Y
® 33 ARG HIHA A&
Specification SiO, ALOs CaO MgO Fe,0s others IL Sum Loss
A 26.8 9.5 54.6 3 1.78 1.33 0.64 97.6 2.43
B 5.74 19.4 41.3 1.32 1.24 1.13 0.93 71.0 29.0
C 20.9 4.65 63.1 2.14 3.21 1.69 1.98 97.6 2.37
D 14.3 10.1 49.4 3.02 2.7 1.88 16.4 97.8 2.2
M 57.7 4.33 0.76 0.01 0.5 5.37 31.2 99.9 0.14
o2l %
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CK 22.40 32.31
DK 46.87 50.75
MgK 0.64 0.46
MK 5.12 5.86
SiK  8.43 5.20
Cak 12.52 5.41

EDS Quantitative Results
Element Wtd Atk

i0000x

C:\EDAX32\GENESIS\GENMAPS .5PC

kV:15.0 Tilt:0.00 Tkoff:5.52 Det: 5DD Apollo X Res0:127.0 2mp.T:12.80
F5 : 200 LSec : 27.8 Prst:50C 30-May-2017 03:10:38
[Counte
150
140
| 5i
21
20|
|
10

4.00 B.00 12.00 16.00 20.00 24,00 2s.00

32.00 36.00 keV

a9 3.2 AS(T)Y XRD #4 2

32 AR FY Ay AT 29

2

NEY TFE(60%) o3 75
3 & TAZHB0E) Wl EREZREH ddo] FE Ee FEIA &=
=3 & DAZHEAIZY) F Qolgrt FA4ET, +%/0150] 7Hed A

- HA7HA M2 &3 F 28 30x oluid A e Wojg ¥4 <

- H7FA A, B, C, D9 A% HIFEF (5~15%)°] S7tET5E =7 AY &
=z

- HA7MA A7t & A9 HIMA D AR Al 7] AP EAo] £

- HA7A Mo HA H e A8 = gib 0.05%2 FH7HE
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UCS (Mpa)
=R R R
(3.4 [] (5] E=Y

=]
oh

04 A
02 _ I
00 - T T T T T T T T
1 2 3 4 3 & 7 8 g

Condition
EXt g EXt g EXt g
1 A 15%+T 5% 4 | A 15%+T 5%+M 0.05% | 7 Cement 5%
2 A 20%+T 5% 5 | A 20%+T 5%+M 0.05% | 8 Cement 10%
3 A 25%+T 5% 6 | A 25%+T 5%+M 0.05% | 9 Cement 15%
a9 3.7 FA7HA EFAHE A AEtE e 54
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34 1%

G ERETELE

o

S

A irEo] 38t 7 Ik HIE sl Toxicity characteristic leaching

test(TCLP, USEPA Method 1311) A€ ZA3E H7}

- TES &L VMY T/ Ev HUMEel A s wA Fon HaA
A7 ol 5%9] A8t 545 &= vlgo] vg ¥r] "o 373 =

gare mopst

¥ 34 TCLP N A=

Agent ég&r:l't Metal of TCLP leachate (mg/L)
wt % Cr Ni Cu Zn As cd Pb
0.02 0.759 0.32 32.52 0.125 0.1213  0.083
5 0.03 0.063 0.59 0.67 0.070 0.0010 0.007
A%fnt 10 0.12 0.118 1.03 0.10 0.083 0.0008 0.008
15 0.50 0.420 2.00 0.07 0.051 0.0007  0.005
5 0.01 0.015 0.05 0.10 0.029 0.0009  0.007
AgBent 10 0.05 0.020 0.27 0.06 0.019 0.0006  0.007
15 0.05 0.017 0.32 0.07 0.017 0.0007  0.004

Maximum 99.8%

~100 +

a\ e

8 807 = Ni
< 60 - mZn
£ 40 1 =Pb
3 20 -

@ g

o 0 L

SS1 SS2 SS3 SS4 SS5 SS6

a9 3.8 =¥ AVHAC wE S5 & Ad ve
(SS1: A 5%, SS2: A 10%, SS3: A 15%, SS4: B 5%, SS5: B 10%, SS6: B 15%)
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F 7t

F BFILE A5t AHEitES THRTE £ Us &

SR e =T =&t &35 A AA T FFES

- AP AEFTE v FAEAIE, sk, bith) 870 R o g A Ast
= #3%5E(=27] 0.1~0.5 mm)? Brachionus sp. (B. rotundiformis, B.
koreanus)o. & X143

- g% 2o wWE A A, 2443 =F A F Y A5 rotiferd] AEE

K
K

£ 948 9% e wste
- T 48T wEe) A%, A7 Bel A% ES] o 40%E FAT A
a7t B2g

19 3.11 A&l AFE3F A &(Brachionus sp. (B. rotundiformis, B. koreanus))
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4]
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2. 33 &8

Goldschnudt?017 Abstract

A case study on application of
solidification/stabilization technique
for remediation of contaminated
marine sediments in the Republic of
Korea

YEHUI GANG™. EUN-IT WoN'. JIN YOUNG EH{]IE.
KONGTAE RA™ KYOUNGREAN Km!?

11 Korea Institutr of Ocean Science & Technology, 787,
Haean-ro. Sangnok-gu. Ansan-si. Gyeonggi-do. Republic
of Korea (*comrespondence:kyoungrean @hkiost ac kr)

*University of Science & Technology. 217. Gajeong-ro.
Yuseong-gu, Daejeon, Republic of Korea

Sediments in coastal areas where are adjacent to
industrial complexs, ports and commercial facilities could be
easily contaminated with harmful chemicals such as heavy
metals. Solidification/stabilization 15 one of the ex-situ
remediation methods have been widely applied.

To evaluate the effect of solidification/stabilization
method fo apply ex-situ remediation, heavy metal leaching
test was conducted from raw and solidified/stabilized
sediments sampled at Masan bay (South Korea) where
poliuted with heavy metals such as zinc and copper (over
clean-up index Korea. Clg). The sediments were treated with
4 agents under various condifions and cured. Then leached
heavy metals were analvzed following a standard toxicity
characteristic leaching procedure (TCLP.USEPA).

In results. leacheable metfal contents were significantly
decreased in most elements even up to 99% (Ni, Zn, Cd, Ph)
after solidifation/stabilization freatment except for Cr,

It suggests that 4 different agents have potential to be
used in remediation of manne sedimets polluted with heavy
metals. Futhermore, we can expect that the treated sediments
could be beneficially used as coastal landfilling matenals or
soil filler. In futher study. however. the studies on the effects
of solidified'stabilized sediment on marine organisms are
required.
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UST S
A case study on application of solidification/stabilization
technique for remediation of contaminated marine sediments

in the Republic of Korea

KIOST™ msmras o

YEHUI Gangl2, Eun-11 Wonl, JIN Youns CHorl?, KonaTag Ral2, KyQUNGREAN Kimt2'
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Results & Discussion
1. Toxiclity characteristic leaching procedures
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acetic acid to be used is divided by 2.28 and 4.33). Acetic e-tiii (pHZ.28) was

used in the experiment
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= After treating with solidification/stabilization agents (for 28 days), leachable

Abstract

Sediments in coastzl areas where are adjscent to industrial complexes, ports and
commercial faciliies could be easily contaminated with hammful chemicals such as heavy
metals, Solidification/stabilzation is one of the ex-siw remediation methods which have
been widely applied. To evaluste the effect of solidification) stabdization methed to apply
ex-situ remedidtion, heawy metsl leaching test was conducted from rew and
so[id'ﬁed.'lstahllmed sediments sampled at Masan bay (Korea) where polluted with
heavy metals such as zinc and copper {over clean-up index for harmful chemicals, CT..
Korea), The sediments wers treated under various conditions and cured, Then, leached
heavy metals were analyzed following a standard toxicity characteristic leaching
procedure {TCLRUSEPA).

Keywords: Marine sediments, contamination, remediation, technique, beneficial use

Materials & Methods

1. Sediments
« The sedimert samples were collected from coastal areas, Masan-bay, in Korea,
regublic of, using a steel-grab sampler
Evlemental analysis was performed wsing the Korean standard methed and measured
ICP-MS5

Tabis 1 Clarmmerisss of safimess: b M By

Particle cizn
CODdmgikg)  TOCT) LM optmdiey 07 TEaT g
186 =51 1238 0w 1228 16BE  TOaE
Tabls ICiriart of Fainy Sebal i it (g k')
o cu n B o Pd
M8 M4 HIE T M8 0 =7
2. Solidied/stabliized samples
« Solidified/stabilized samples were prepared by mixing diffevent proportions of agents
(A B and {‘]
Tablm 3 Cmpanliar o sl furdor ot aymrs
1 Cal CaCO, MgD 80, ADO, 50, Ash Others
A 5 4 m B 7
] “ 7 20 o &
C '] n 1" o] 1"

« 5, 10 and 15wt of agents were added to the sediments b A
+ Prepared samples were cured for 28days and were subjected to toxicity characteristic
leaching procedures {TCLP, USEPA}

R 2 m!mﬂmhﬂmlm for beneficial use

Marine sediments are dredged in large quantites in
many countries and The processing of thess dredged
matarials requires a lot of money, time and space

+ Contaminated sediments can be reused for a variety of
usas through remediation and It is possible to solve
the problems that have occurred during the processing

I I I The trested sediments can be bensfidally used as
materials for foundation construction, such as fill
materials, cower materials, bank material, roadbed or
auxiliary layer of roads

+ The uniaxial compressive strength was measured after sediments treated

by adding agents A, B and C[30% of the capacity of the sediments) were
cured for 3 days

+ As a result, Fig 3 showed high compressive strength of 1.0MPa or more

even in short curing time(3 days), which also indicates the possibiliny of
beneficial use of marine sediments (Gensral curing times: at least 7 days)

+ Futwre studies will consider the use of other additives to reduce the use of

solidification/stahilization and to improve tra t ihility and

the stability of the wﬁg&n‘ls § nepart pessiiy

b e

metal contents were significantdy decreased in most elements even up o - In addition, It is necessary to minimize the amount of agents that reduces

99% (Ni, Zn, Cd, Ph) except for Cr (Table 5, Fig2)

EIII(:IIHII:I'I&

heavy metal elution

dificationstabilization method seems to be suitable for the method of remediation of marine sediment=
'I'he rEuhs suggests that the contaminated marine sadiments are likely to be reused as 4 coastal landfill or soil fller through
= The various criteria and environmental monitoring methods such as the effect of eco-system should have to research for beneficial use of dredged materials
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Solidification and stabilization has been considered as an approach o stabilized pollitants from
ne sediments for further uses as superficial, landfill, or filler materials. Furthermore, the
stion of sediments afier solidification/stabilization is carefully being considered as an
ative way 1o Improve marine environments g a part of the project for sediment improvernent
‘Korea. However, a little study has been conductsd on the environmental effects of these
atiment on buman as well as marine ecosystem, Marine sediments collected from the coastal
where there are candidate sites for the remedaition of contaminated marine sediment were
with the two solidification agenis that were selected based an physical properties and
hrcteristics. Then, elutriates were prepared for biclogical impact assessment. The marine rotifer
hioas sp.) was used as an Sxperimental organism. To assess the physiological effects of the
s, the mortality and the molecular responses (Phase | related genes, antioxidant related genes,
il chaperoting genes) were measured in the rotifer exposed to elutriates of solidified sediments
ch were treated with different concentrations of agents. TCLP {standard woxicity chamcteristic
ing procedures, USEPA) also showed significant effects on the smbilization of metal
fceatrations. In a short term exposure the effect on the survival of the rotifers was generally not
diceable at 24 h of exposure but mortality was observed at 48 h exposure in two agents. The
dulations  of mRNA associsted  with  xenobiotice  and siresses  also  mcreased  in

'tﬁﬁcutim'smbﬂization the agenis with dose dependent manners. In particular, heat shocl

s (hsps), s chaperoning protein which is responsible for chaperoning damaged proteins

significant increase in the samples using high concentrations of agents. This resalt

strated that the agents used in this study might induce biological repercussions in seawater,

igh the agents showed significant effects on stabilization of pollutanits (metals) in sediments,

Memmore, it also suppested that the concentrations based on physical characteristics (c.g.

essive strength) and environmental safety should be considerad according to the plan for the

Ficial uses of maring sediments in the environmental improvement project.

- 169 -
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Abstract Materials & Methods
SDrdrﬁcabundﬂﬁabﬁzmhasbeenmdﬂedasanim
&nproach 1o stabilized pollutants from marine sedimems for . Tha cediment samples were collected from cosstal areas, Masan-bay, in Korea,
further uses as 5uperﬁaa£. lanciFiI or filler mata:::r recublic of, using a steshgrab sampler
urthermare, relocation sadiments Elemental analysis was performed using the Kol standard method and
sulldlﬁmnwﬂabﬁzahm is carefully hemg considered as &0 measured m\mﬁ o i
o w&ymlwmmmmaamd 2. Solidified/stabifzed
project mlmlnhﬁMEMa.miﬁ ‘stabilized wing dif Soms of
el il ety it | : ﬂaﬂn] = weme prepared by mixing different proportions
T ufﬂmetmmmhununasndasnuﬁnem. « 5, 10 and 15wt% of agents were added to the sediments
Marine sadiments collected from the coastal areas where there are candidst® . Prepared samples were cured for 28days and were subjiected to toaicity
sites for the remediation of contaminated marine sadiment were treat with the  characteristic leaching procedures (TCLP, USEPRA)
two solidification agents that were selected based on physical properties snd 3. Bip 35585SMENt - Exposure test
charecteristics.  Then, elutriates were prepared for biclogical impact - Toxicity test was performed on Jeachates against marine rotifer
assusnem.Themamlemhfer[HmchmnusspJWnsusedasmeupemnemﬂ (B. rotundifonmis)

organism, - Treated sediments were maintained in rotation for 6 h with ubrapure water at
M-+ A Bt i i iy Ssaricl e Tl ?Drsaﬁnﬂ‘ emmwaterﬁepmpym' of 1:4 (wfv), and then they were left for 12 h
= particles to
m& Discussion = The leachates were centrifuged (3,000 rpm, 10min) and the supsrnatant
1. Characterization of sediments and aoents liquid was removed and filtered by GF/A (0,45 pm)
Tabla £ CramcmArton of adinevs o Mar Sy = Salinity and pH of leachates were adjusted to 15 psu,, pH 7~8 to used in tests
CODmgtgl OGN Ly :.:'" e _,j:" - = Bicassays with B.rotundiormis were conducted during 48 h (24'C) in 12well
s im 1. O 1 (e . plate : & rovfers/well
1.-;:«_-1-.1”“"-&: reez L = =
L8] - Fm uia s om nm =
Tabds § g n of gl Sopns st i s 'm
o ‘eeN
L]

g ot

2. Toxicity characteristic leaching procedures

Tabls 4 Comcarimabior o rratein £ TP bagl

e mmmsam:ﬁmmmmmmﬂ

gares bt o 1L et (el waste Dased USEPA & depending on the pH of the
80 b L T solids{<pH5, =pHS : the pH of the acstic acid to be used is divided
BS1 - ATa]  0m u‘m ase OB7 u:ﬂm D Goo i:: ':‘ by 2.38 and 4.33]. =cid [ 28) was in the
BET NIR) 012 Qe Y0¥ 010 OO0 00DOE QDOE ;.‘. .H' . - s = N
BSI  A1Y¥R) GS0 040 IOo0 007 009 000G oDE b . Afer ‘reating with Sdldl'Fl:H'DDﬂ.lrgﬂlm agenis Eﬁ]’ 2B da}‘i}l..
T T T T p—— ol leachable metal contents were significantly decreased in most
e = 2
contiiei s dituc ity fiBuosdt b et A elements even up to 99% (Ni, Zn, Cd, Pb) except for Cr (Fig3)

m‘. mfﬂéﬂ.uﬂ:&ltlﬂ-iﬂ:r'

rapidly in agent B (Fig 4)

- maﬂd“dﬁﬂynﬂsmﬁm Cr, Zn and Ph were higher than those of the
control group. Howewst, Tt not dear whather these concentrations affect the lethality of the rotifer
= Since several comtaminants are present in the effuent water, Mmﬂ'huﬂudﬁﬂsxm&xﬁemm
Mm&mﬂ*wmmﬂm“dsmwhmﬂnt&rﬁmﬁh@ﬂu&gaﬂ
a'ﬂ!ﬂuﬂmﬂnmmdﬁm : ) "

ﬂmmsinm
The solidfication/stabilization method seems to be suitable for the method of remediation of marine sediments

= The results suggests that the cortaminated marine sediments are likeby to be reused as a coastal landfill or soil filler through
= The varous criteria and environmental monitoring methods should be discussed for beneficial use of dredged materials
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