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ABSTRACT : This study evaluated the stability and deformation subsea foundation after implementation of the contaminant isolation
method by covering the contaminated materials using Zeolite and sands under subsea condition. The appropriate contaminant adsorption
materials used in this study was selected as Zeolite based on the existing research results due to its efficiency. Safety (or stability)
was evaluated by calculation and to analyze deformation after completing the contaminant isolation method. The minimum safety
factors from slope stability analyses results were 30.1 and 11.2 depending on subsea submerged conditions and the amount of the
maximum primary consolidation settlement from consolidation analysis results was 209.2 mm. In addition, change of consolidation
amount with increasing consolidation time was evaluated based on consolidation degree.
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Fig. 1. Type of coating method
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Fig. 2. Location of the coating process the construction site
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Table 1, Physical and chemical characteristics of the contaminated sediments

Sediment Measurements Evaluation points Lower l?our?d criterion. for Upper b.oun.d criterion.for
contamination evaluation contamination evaluation
COD (g/kg) 17.2 1 ~13 (0), 13~20 (1), 20~30 (2), 30~40 (4), 40~ (6)
Cr (mg/kg) 65.7 0 80 370
Ni (mg/kg) 379 0.514 23 52
Cu (mg/kg) 67.3 0.515 24 108
Zn (mg/kg) 203.7 0.018 200 410
As (mg/kg) 30.8 0.669 9.0 41.6
Cd (mg/kg) 0.94 0.074 0.68 421
Pb (mg/kg) 424 0 50 220
tPCBs (18/kg) 11.6 0 21.6 189
tPAHs (18/kg) 1803.6 0 4000 45000
TBT (ug/kg) 12.0 0.070 5.0 105
Summation 2.860
Oceans and Fisheries, 2013)9] AA|E vj&dxvlAlo] 93]
45 =31  Suspended Solids Layer =16
7hE AACAEHEAA %, CIHO)S] Fo] 2 ol 9 4 Surpertat Scids Lov
SRS Sasior dek LN, Fe(Cw, okelzn), 1) I epr | MM R |
A(AS), FFER(C) ol 31 71 EAE 2ok Eak it T
Fole 1R Bl F R el ol e = US| U(PCBs), ke L e I I i
FEEEGA(PAHS), 77154 3HE(TBT)] Foll A= TBT oy %
=l Sedentary Deposit

wo] st 712X S 2ok 02 ehta gtk 79

I B B FECEIUT, S Aae = S T

Y 2 9= Frhles Holdled, 52 V& § 2
TAR Rt LAEAE HoliL Sl oYt 29 B F

3.21 BEEAUA™ At

Fig. 20] A1) BH-178 BH-57b9) A%52 455}
of N5 BAS BASGh A%Fe Zod B4 o
17] 915to] Fig. 33} o] Tl AS T BE o] A%
ANE st 2AAT 71E FHORRE o 11~
15mol A %652 2Hlsh &

o pu
HE(AANES} AP E)2T} Z3lE 0] BolE|Qlr) Ho=

(a) A section bore hole (BH-1, 3, 4)

Sedentary Deposit
Sedentary Deposit

[B15]
=47 =431 suspended Solids Layer -z
_OF

Suspended Solids Layer

T Deposits (upper clay)

" Deposits (upper clay)-—-

Deposits (bottom clay)

Deposits (sand)

Deposits (sand)

LECHEEE
5

Sedentary Deposit

T
1 B Sedentary Deposit ]

(b) B section bore hole (BH-1, 2, 5)

Fig. 3. Borehole and geological characteristics of the sections
A and B

= ARV TP 22 HAH Ao, Fi5 o
AHESE U 45~9me] T2 Bt Qgich B4
ESS FHAA], f7lEH Aol et AR EAEAAE
o} sPEAEYER Y

AREAAYEE 7180 o] SREHAANE weh
Jokow, o 1~3me) A BESAT 5
20 of 4~6me] £l WEST Ak A 2 sk
AE = % 2o B2WH(Unified Soil Classification System;
ASTM D2487, 2011)4 AER AECM)E BEEEgom,
AN AT NA= A2 00 717he: w9~ ¢1orgt &
o,

N &2

AT

ofj  FN

hva
Z]
Z

26 Evaluation of Stability and Settlement of In-Situ Capping of Contaminated Sediments Using Zeolites and Sands



Table 2, Result of standard penetration test (SPT) at each depth of borehole

BH-1 BH-2 BH-3 BH-4 BH-5
Depth N Depth N Depth N Depth N Depth N
(m) value (m) value (m) value (m) value (m) value
S ded S ded S ded S ded S ded
HSPECEC 0.00~0.07 HPECEC 0.00~0.03 HIPENCEC 0.00~0.10 HSPERCEC 0.00~0.05 HPENCEC 0.00~0.06
sloid layer sloid layer sloid layer sloid layer sloid layer
0/30 0/30
0/30 Clay |0.03~4.50 Clay | 0.05~4.50 0/30
Cl 0.07~6.80 ~6/30
%y 0/30 Clay [0.06-7.50
Clay 0.10~8.70
Gravel |4.50~6.20| N.S Sand 4.50~6.20 | 10/30
Sand 6.80~7.50 | 9/30
Sand 7.50~7.90| -
Gravel | 7.50~9.50 | N.S
Sedentary 29/30 Sedentary 30/30 | Gravel |7.90~9.50| N.S
. 6.20~10.0 . 6.20~10.00
deposit ~35/30 6/30 deposit ~36/30
Sand 8.70~10.0
Sedent 23/30 930
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Table 3. Result of standard penetration test for prediction of undrained shear strength

Depth (m) Average cone resistance q. (MPa) | Slope of cone resistance (MPa/m) Maximum skin friction (MPa)
BH-1 29 0.252 0.145 0.005
BH-2 4 0.351 0.105 0.013
BH-3 8 0.286 0.050 0.024
BH-4 4 0.400 0.100 0.034
BH-5 7 0.192 0.050 0.022
Average slope of cone resistance (MPa/m) 0.090

Penetration Resistance(q. , MPa)
0.0 1.0 2.0 3.0
0

K

R
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Depth (GL,
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Fig. 4. Result of cone penetration test (CPT) at each depth of borehole
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Table 4, Result of field vane test at BH-1, 3, 5

Undrained shear strength S, (kPa)

Depth
(GL.-m)

Correction
factor (1)

Plasticity

Index Corrected

Undisturbed Remolded
0.72 0.10
4.65 0.79
3.29 0.40
8.82 1.46
0.38 0.05
20.40 3.37

Uncorrected
Undisturbed Remolded
1.04 0.15
6.59 1.11
4.81 0.59
11.39 1.88
0.53 0.07
27.42 4.52

Borehole Sensitivity

0.5
1.5
0.5
3.5
0.5
5.0

733
69.2
75.8
51.7
66.8
58.9

0.69
0.71
0.68
0.77
0.71
0.74

7.0
5.9
8.2
6.0
7.2
6.1

BH-1

BH-3

BH-5

Table 5. Result of laboratory test

Water content
Wi (%)
72.1
66.9
72.6
68.5
101.6
81.7
67.7
64.6
79.7
73.6

Atterberg limits
Liquid limit LL (%) Plastic limit PL (%)
94.9 733
90.4 69.2
93.5 76.1
87.6 68.0
98.4 75.8
79.6 51.7
73.2 52.7
86.2 67.3
93.1 66.8
80.7 58.9

Depth
(m)
2.0~2.8
3.0~3.8
1.0~1.8
2.0~2.8
0.0~0.8
1.0~1.8
2.0~2.8
3.0~3.8
2.0~2.8

3.0~3.8

Specific gravity
Gs
2.683
2.691
2.687
2.696
2.706
2.639
2.702
2.694
2.690
2.694

Borehole

BH-1

BH-2

BH-3

BH-4

BH-5

Sand

Clay

Clay

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 &0 8 90 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 & 9
(a) (b)
Fig. 5. 2—dimensional analysis of the topography and geological structure ; (a) : A Section, (b) : B Section
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Table 6. After applying the coating method constants for ground stability evaluation

Specific gravity Void ratio Saturated unit | Submerged unit Cohesion Friction angle
Gs e weight (kN/m®) | weight (kN/m®) (kPa) (degree)
Sea water 1.03 - 10.10 -
Loose sand 2.65 0.90 18.47 8.36 0.00 30.0
Loose zeolite 2.20 1.50 14.70 4.59 5.00 25.0
Loose suspended soil or silty clay 2.69 2.04 15.47 5.36 17.75 0.0
Silty sand 2.70 0.70 19.74 9.64 0.00 34.0
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Table 7, Result of derived consolidation related parameters from each bore hole

Bore hole Preconsolidation load P. (kPa) Compression index C. Modified compression index C. Initial void ratio eo
78.0 1.019 1.204 1.979
BH-1
95.0 0.979 1.058 1.848
90.0 1.059 1.195 1.954
BH-2
87.0 1.082 1.228 1.849
12.0 0.782 0914 2.873
BH-3
19.0 0.649 0.742 2.201
86.0 0.890 1.074 1.852
BH-4
77.0 0.860 1.107 1.780
71.0 1.284 1.464 2.162
BH-5
83.0 1.171 1.358 1.923
Average 69.8 0.978 1.134 2.042
Table 8. Consolidation settlement of each section
A section B section

Normally consolidated
(OCR = 1)

Over consolidated
(OCR = 1)

Over consolidated
(OCR = 1)

Normally consolidated
(OCR =1)

Maximum primary consolidation 2092
settlement (mm) ’

89 205 88

Maximum secondary consolidation
settlement (mm)
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Fig. 8. Changes of levels between zeolite and clay interface layers resulting from consolidation
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Fig. 9. Changes in the coefficient of consolidation of the effective
stress
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o71A, vz hEAIolAL, He HY visZdo]oth

71E8] ARERARR A A EAG= 2t ST oA
H(TaylorH)& ARESEe] FH6HQIeh EEUDAIYH Aifol] 9
3 A4 o= Fig. 904 B ulel o] Asjerysts
BLo| A FAF Myt YelshA vy 2.184x107 ~
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Table 9. Degree of consolidation according to the time of depositing

clay
Consolidation process| Degree of | Expected amount of maximum
time t (day) consolidation | consolidation settlement (mm)
2 0.05 10.6
7 0.10 21.1
15 0.15 31.7
26 0.20 423
41 0.25 52.8
59 0.30 63.4
80 0.35 74.0
105 0.40 84.5
133 0.45 95.1
163 0.50 105.7
199 0.55 116.2
238 0.60 126.8
283 0.65 137.4
336 0.70 147.9
398 0.75 158.5
473 0.80 169.1
570 0.85 179.6
707 0.90 190.2
941 0.95 200.7
1,484 0.99 209.2

2UsH P22 uhle] BAT} Holx)7] wholc. w4
HAE AR 3m Zo(OCR2E 7H)ol A HAgshs
3Tk OCR-12 7}3h H 3m HAHAE FolA]
3 graepo] o Atk webd diE UASE GESY |
0~100kPa 77k9] QFHA42] 5x10%ems 2 7143kl 4]
2k tol] Tk 1 SRSt oS ghe ASIETH Table 9).
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