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Abstract - In situ capping technology for marine sediment pollution control has never been applied in South Korea. In this study a pilot
project or the capping was carried out in Busan N Harbor. Pipeline and clamshell capping technologies were implemented for the
pollution control. Changes of capping shapes, sediment contamination, and the time and costs required for the two constructions were
compared, Both the pipeline and clamshell technologies were found to satisfy the target thickness of 50 cm on average. However, the
pipeline method did not operate sensitively in terms of change of the sea floor topography, resulting in an uneven shape and a thickness.
Organic carbon and ignition loss quite decreased affer the pipeline or the clamshell capping while pH showed no significant change.
Organic and residual fraction of Cd, Ni, and Zn in the sediments appeared to decrease affer all cappings. The pipeline method took a
construction time four times as much as the clamshell method. The clamshell method was demonstrated to reduce the construction cost
by about 40% compared with the pipeline method. However, a monitoring for all the parameters needs to be conducted at least two years
in order to better evaluate an efliciency of the pollution control by these capping constructions.

Key words - Marine Contaminated Sediments, In-situ Capping, Cap Construction, Heavy Metals Stabilization, Zeolite
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Fig. 1 (a) Location of Busan N Harbor in Korea, (b) area

cap construction using clamshell
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Fig. 2 Schematic diagram of cap construction
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Fig. 3 Digital image of equipment and cap construction
using setting barge with pipeline
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Table 1 Cap construction conditions using barges equipped with pipe line and clamshell

Cap construction Cap construction
with pipeline with clamshell

Construction date February, 2015 March, 2016
Construction area 625 m’ 10,000 m*

Total drop point 289 point 1089 point

Drop interval 15 m 3m
Dropping quantity of reactive capping material 125 m® 2000 m®
Dropping quantity of protective layer 188 m® 3000 m®
Dropping time of reactive capping material 3 min 35 min
Dropping time of protective layer 1.5 min 375 min
Barge moving and positioning time 5 min
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Table 2 Heavy metals concentration of sediments sampled from Busan N Harbor in Korea

Surface sediment Guidelines
Ave Max Min PELMOF’I‘EL ERLNOA?«:RM
As (mg/kg) 20.28+6.28 29.79 974 145 755 96 70
Cd (mg/kg) 0.61+0.24 1.20 040 0.75 2.72 12 96
Cr (mg/kg) 47.11+16.56 88.09 2371 116 181 81 370
Cu (mg/kg) 79.86+12.30 91.99 5731 206 64.4 34 270
Ni (mg/kg) 27.65+4.49 34.06 1755 47.2 80.5 209 516
Pb (mg/kg) 52.4732.86 124.86 1975 44 119 46.7 218
Zn (mg/kg) 222.88+63.07 307.50 12359 68.4 157 150 410
i (organic carbon)& A5t fste] X HAES (probable effects level, PEL)¥} w]=r3j]%th~] > (National
HCIZ AAE T 94 EX7](Elemental Analyzer 2400 Oceanic and Atmospheric Administration, NOAA)¢] # <
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Table 3 Comparison of cap construction cost between pipeline and clamshell

Pipeline Clamshell
Construction area (m?) 15,000 15,000
Construction period (month) 4.80 1.05
Construction area per day (m?*/day) 104.2 476.2
Setting barge (rental) 134,357,006 29,399,412
Tugboat (rental) 191,938,580 41,999,160
Eaui t t Backhoe (rental) 62,380,038 13,649,727
duipment €os GPS (rental) 38,387,716 8,399,832
(onit * Korea won) Crane (rental) . 18.809,622
Labor cost 47,984,645 10,499,790
Subtotal 475,047,985 122,847,543
Material . Zeolite (3,300 ton) 231,000,000 231,000,000
(a_ e °°S) Sea sand (4,500 ton) 123,750,000 123,750,000
unie © Rorea won Subtotal 354,750,000 354,750,000
Total (unit : Korea won) 829,787,985 477,597,543
9, ashE Frlel FEE 420 mgkeeld 201 mpkeo® 3.5 WEIYY 2207t U 226l
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_ o - B gl gl T oAt Hir =T H
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AlE 142 mg/kg o FAFAHFIg. 9(d). I5 AlE A B AT A Eae e WA B sk S
2HM me/kg 5 HERBINIEE WIEPELE 2 gy e 5) 15000 2ol AR AW S ARAAE W
o 9%t & Aoz BAHY. 95 ggA Al St b ras= Zr|zke] AS QE THE oF 487 LolH
_ = B B Rt . — Al [e] ol H . )
o 9% 3/ F FEE 4780 mg/kge® I A 13| S wue L] ~eEs Aoz et o

_ﬁ
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N

B
ol

o] =1 ol Lo . = )
144.03 mg/kg?] ; J7 FAx, St 10 A A }199L28 F AW AL 27 1042 mY/daySh 4762 m2/dayolth.
[e) 1 =1 3 o s 7k XA
S e T e T e e g A QuEs dasee o 2 u
SO = = FEAsl 3 . e )
c o= L}EM_“E}' Znel EAPHE EHT B St 5 A (setting barge) H]-§-& YE¥ FHLE 134,357,006 Lol &
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©

=

| i ’ T Ml TS 29399412 4o g AEE AT} o2l (tugboat)
Hel niel gt WS GH W&ol FAN ST o ) gigsmoa(aEn B 41999160 A )
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NS TEEE Sk grashs ASS WS NS o0 ww 29 Bye 75053 Hol aasle] FuY
Jlitel e FAAE Cu Zn 5 D TEEA WU o) g el ve of 40969l 40018 AEAY
aks <o 5 3] = vl =)
WA o] BAHOZ WAL ACE BHAL Y e on o
& Nae) AR AT ANRY oPH AR TR £27
w3 s Arel $Ud AE Uehilicl (Kang et e
al, 216), ALl Bl |5k H} e we A3t 4. 2=
548 AW BAut Fa5e o5 Fud oE A9 ¥
IR B ATl AE P NS glew 201535 201610
Hol A, A A% pH gk A%E R sl ez p L IS R NG AEAS 201584 W16
84 F3% FHL 2E + Atk o9 tBo] olema oo 8 ST AT AAX ANE ATE AAsiaL
o . o e WEEY P ¥ fe g2 0w Wl U
— - 2 = 7 ‘__1 o D w Iy = ‘__ZL ) el 2 I
(tectosilicate lattice)ell 2J3l] &3I4 F55S FAsto] 5% ;O; ;;z R o T }\Eo_, o_; 9=
sy A S kol = = 35 35 Ke) k)
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B9 294 By LF A9aAe SEFA B0 cmE

et al., 2006; Garau et al., 2007).
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