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AEFEZ7F FAFSEA YERSTE Soil9 0.075mm &2 W& 95.55%
2 AgEel we ge wes AXsn glow oo mel F4757}
W9 vl vhebet

3

st Y Ape] wlF> BAZF 221, FO/CO7F 2.31% &l Hlato] wj-g- vt
LEFSE o E’\ﬂ]—’F-E BA¢} CO7F Soil?} FOoI H]ske] 1008) o] %
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Fig. 4.4 Grain size distribution of experimental materials
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Table 4.1 Physical properties of experimental materials

Passing %
finer than | Dio Dz Dso  Deo

475 0.075 | (mm) (mm) (mm) (mm)

Cu Cg|Gs |K (cm/s)

mm mm
Soil | 100 9555 - 0.004 0014 0021 | - - |2.62|1.18E-06
BA | 100 106 [ 0.070 0182 0323 0419| 6 1.1 [2.21]|4.94E-03
FO | 100 826 - 0011 0023 0036| - - |2.31|6.87E-05

CO | 100 175 [0.039 0.259 0.639 0.846 |21.9 2.1 |2.31| 2.96E-03

4.1.2 334 54

ZF AREY A ARl dg #<9E flsted XRF  (X-Ray
Flourescence Spectrometry) Al €& 3 st9lom Alg ZA3}= Table
4.2 gelstd . XRF 4 23 Soil#t BAS 4 H]l&o] H] =35
et lom SiOoh ALOs® 3ol of 90%E AHAITe A
Atk HhA HZH(FO/CO)e BF e (Loss on Ignition, LOI)®]
52% = W% ol fUlEs v dretal dee & F doeH, 74
A T Ca09 o] 4352%= o5 o|&sto] B4 (CaCOs)e +
G E A 77.7%9 FEVHE A4S 5 9tk

i

Table 4.2 Chemical properties of experimental materials

SIOQ Aleg F€203 KZO NazO MgO CaO Cl T102 503

o

o8 e

Soil
66.99 1562 499 393 227 195 140 096 082 063

L~
X
~—

SlOg A1203 F6203 CaO MgO T102 NaZO Kgo P205 BaO

BA

o !

59.76 19.69 813 613 204 109 100 082 047 0.34
LOI CaO NagO SIOZ Cl MgO AlgOg SO% P205 FGQO;g
52.01 4352 1.07 095 058 053 053 045 0.13 0.11

-

FO
/CO

ot Mz é\i o) M

ot

—~
SN
—
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Ho] A= ZA T g5 A Yyt A s o] E o] &5te] A
2 AAsE S AW FA-Y XA 7| UHSon et al, 2007). E

3k Koumoto et al. (2001), Christaras (1991), Cabalar and Mustafa
(2015) & B d7Ased Yot ATAH AAGIA FAH U
Cassagrande ¥ el Al 7bs/do] AAH L At & AFelA = Fall
cone test’} Cassagrande WHol w3l Alg ZA, Ald Al 7l =7}
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Fig. 4.6 Fall cone test apparatus
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Fig. 5.1 Compaction curve of mixed soil

Table 5.1 Compaction test result of mixed soil

Vamas (E/m0°)

BA CO FO

0 1.68 1.68 168

N 20 1.66 1.63 167

le.“g 40 163 158 1.69
ratio

%) 60 158 155 1.69

80 14 1.43 1.74

100 12 1.95 1.64
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Mixing ratio (%)

Fig. 5.2 Maximum dry density according to mixing ratio

GAAES S8 42 Soile HuAxUEe AT Am AH
Ao A F53 AFUEE o] &3t ot E(Relative Compaction)
A E T AdadEs A (1003 Zeo] ALk

R(%) = Jafield 100 (10)

d-max
o] 7] A, R: Zdiud=
Vagierd © AFDE (t/m?)
Pyd.max : 54"4153:%15 (t/ms)

Soile] EFHUEE 14 t/m’oly AN FHT HAdARE=E

168 t/m’Z Ao Auttd=E 2 10)el whak 83.4%= AlxtsE 9
olo] wel XE EFE thale] 834%< AUt =S &3t
To E9E ¥ AEH AXUEE o835t 4 A AR 1|
Arbstah ka2 (Dol wel Aldbetd o A= Table 5.2
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¢} Fig. 5.3 HeEbH A

Table 5.2 Void ratio of mixed soil

e
BA CO FO
0 0.870 0.870 0.870
o 20 0.839 0.887 0.837
Mixing 40 0.807 0.894 0.771
ratio
(%) 60 0.802 0.883 0.727
80 0.963 0.989 0.635
100 1.208 1.216 0.689
1.300
1.200
1.100
1.000
© 0.900
0.800
—O0— BA T =g
0.700 A CO S R
e
0.600 —-- FO
0.500
0 20 40 60 80 100
Mixing ratio (%)
Fig. 5.3 Void ratio according to mixing ratio
A5HY Wats 2YES) AYES £F 499 1E AT 2
AAete Aol F %o 739 WEE Fig. 549 2t o ), 13
ule] Aol Matss AFe 2R Y 2UF F2E M o), 2
YE Atolel Wl 23S APEZL ASE FEQ O e Ao By
A},
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512 FA¢

5 Age Wee B4 A8

2 Fig. 559 #t}

Table 5.3 Permeability test results of mixed soil

Fig. 5.4 Void change in fine-coarse mixed soil

Agstgom Ag A Table 53

K (em/s)

BA CO FO
0 LI8IE-06  1.181E-06  1.181E-06
N 20 8870E-07  9.372E-07  3.174E-06
“ﬁiﬁg 40 6.707TE-07  1.671E-06  6.479E-06
(%) 60 1611E-06  3934E-06  3.609E-05
80 7626E-05  3.022E-05  3.881E-05
100 4940E-03  2.945E-03  6.871E-05
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(b) Permeability of soil mixture (semi-log scale)

Fig. 5.5 Permeability according to mixing ratio
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513 =4 A g
HEw 27t T v &= TS FAeta o] & JeF
xol WgtE g3t fste JEEA AIEES Fdsidd. Ee £ F
Azl &gl tiste] AldS 7424 Fdst 3 vE H JAS A
Al o 1 A= Table 54 ¥ Fig. 563 2t}
Table 5.4 Dig, Dis, D3y, Dsy, Dgg of mixed soil
hﬁ{;ﬁgg Dio Dss5 D30 Dso Deo
(%) (mm) (mm) (mm) (mm) (mm)
0 - - 0.003 0.010 0.015
20 - - 0.005 0.014 0.021
BA 40 - 0.002 0.007 0.028 0.058
60 0.005 0.009 0.022 0.126 0.221
30 0.014 0.028 0.083 0.283 0.389
100 0.070 0.099 0.182 0.323 0.419
0 - - 0.003 0.010 0.015
20 - 0.002 0.007 0.020 0.028
co 40 - 0.003 0.010 0.031 0.060
60 - 0.005 0.019 0.147 0.386
80 - 0.006 0.043 0.503 0.717
100 0.026 0.060 0.376 0.717 0.912
0 - - 0.003 0.010 0.015
20 - 0.002 0.008 0.019 0.026
FO 40 - 0.002 0.007 0.017 0.025
60 - 0.002 0.008 0.016 0.023
30 - 0.004 0.012 0.025 0.033
100 - 0.002 0.011 0.023 0.036
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Fig. 5.6 Grain size distribution results
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Tt &3 Kozeny
~Carman 29| gk AA}Ql H]FEHA L A GA e} vl AA kol &
22 7] W&o (Chapuis and Aubertin, 2003) HA A ¢} T4 7}
Z AAAe 7Hd Aoz At Fall cone (British)E o] -&3to] Al
S st om Alg A= Table 55 2 Fig. 579 -t}

Table 5.5 Fall cone test result of mixed soil

Liquid limit (%)
BA FO CO
0 39,60 39.60 39,60
N 20 35.50 37.60 36.91
Mixing 40 29.38 35.48 35.30
ratio
o) 60 2931 3257 34.90
80 36.81 3265 4154
100 4421 30.24 48,06
50
—O0— BA /l

LL (%)

25

0 20 40 60 80 100
Mixing ratio (%)

Fig. 5.7 Liquid limit according to mixing ratio
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WA BAS CO EFES 34| 40%71#] A4 1}73"7} A 2 60%
7HA dA sttt o] AA FTFETh o] w, o =
< AA gAY FAE QIE Aol Rk °‘“§fﬂ7ﬂ
AL x 9 EAo] gl 9 %= F7F= Q1% Flelt}. Fall cone
testoll Al cone®] #YPHFL FHo HAA = di|gst=d, HED FollA
Add e dFE A=

2
SEA eI RE, A doﬂ*ﬂu 2Hd Az TN =9

A= =
gE SRS YHuhazto]l F7hsle] Fall cone test o412 Q] wFo]
st on oo wel MAgeATE FUkskE AAHT dERETE HAd 9
Wk HE e ke wel JeRur] wied, o] Aol w A
H dlo]H & o] &3l7] ¢3te] Table 56 % Fig. 5.89F 2o] 40% o] F=
N SA 7} AASA PFadhs Aoz e RS S35

Table 5.6 Modification of fall cone test result of mixed soil

Liquid limit (%)
BA FO CO
0 39.60 39.60 39.60
N 20 35.50 36.91 37.60
Mixing 40 29.38 35.30 35.48
ratio
%) 60 24.38 33.20 32.57
80 19.38 31.10 32.65
100 14.38 29.00 30.24
_ 32 _
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Fig. 5.8 Modified liquid limit according to mixing ratio
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Fig. 5.9 Linear regression analysis using Dz and void ratio(e)
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o} B9k H]2 == el = CEC(Cation Exchange Capacity) %ol
i<l Table 59 ¢} Table 5.10 == 27} Bottom ash®} =

£ moroddwel CECE eyl Aol

Table 5.9 Soil contamination and CEC of bottom ash mixture

PEREE
Bottom ash | 0% | 20% | 40% | 60% | 80% | 100% | . | ..
Cro+
0 0 0 0 0 0 5 | 15
(mg/kg)
Pb
17 | 1468 | 12.36 | 1004 | 772 | 54 | 200 | 600
(mg/kg)
cd
0 0 0 0 0 0 4 | 12
(mg/kg)
As
575 | 46 | 345 | 23 | 115 0 | 25 | 75
(mg/kg)
Hg
0 0 0 0 0 0 4 | 12
(mg/kg)
Cu 149 | 2036 | 2582 | 31.28 | 36.74 | 42.2 | 150 | 450
(mg/kg)
Zn 586 | 49.06 | 3952 | 2998 | 20.44 | 10.9 | 300 | 900
(mg/kg)
N o1 | 186 | 162 | 138 | 114 | 9 | 100 | 300
(mg/kg)
CEC
(molkg) | 1621 | 1313 M/(m{/sa//o%/
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Table 5.10 Soil contamination and CEC of oyster shell mixture

[e] )|
2 )2} 0% | 20% | 40% | 60% | 80% | 100% ;Ej j -
Cr6+
0 0 0 0 0 0 5 15
(mg/kg)
Pb
17 15.02 | 13.04 | 11.06 | 9.08 7.1 200 | 600
(mg/kg)
Cd
0 0 0 0 0 0 4 12
(mg/kg)
As
5.75 4.6 3.45 2.3 1.15 0 25 5
(mg/kg)
Hg
0 0 0 0 0 0 4 12
(mg/kg)

Cu 149 | 5522 | 95.54 |135.86|17 .18% 150 | 450
(mg/kg)

Zn 586 | bl.16 | 43.72 | 36.28 | 2884 | 21.4 | 300 | 900
(mg/kg)
N 21 25.06 | 29.12 | 33.18 | 37.24 | 41.3 100 | 300
(mg/kg)

CEC 16.21 |14.382 11255410726 | 8898 | 7.
(cmol/kg)

T AR BT EY 299 Aol AANE =zt F9 oF 70% o
4 EFE AF Cu BEA 9T 2ol VIEAE WA Av. =944 S
7hell wpe} CECx #Ashsdl, % CECE oF 12-15 cmol/kg ©]14S ¢
skal vk 60% ol EFH|ol = ofo] WA A EErh wEpA &
GUIE o) olab zAso] AL ARsl YT wH FRAS A 2
o, AlEd gzte] &3t H]ﬂ' 60%7HA] S 7FstH A FFAFTE FEEHA
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Table 5.12 Marks of the graph for each case

Soil layer
Soil FO 20% FO 40%
! O A
Drainage
layer Bottom . . -
ash
9000
0Case 1
8000 o
A Case 2
7000 o OCase 3
Eo0 | B 4 © 0
2 i é N % o o
ésooo Duégééz
=
= 4000
(]
2 3000
“ 2000
1000
0

01 2 3 4 5 6 7 8 9 10
Leaching time (day)

(a) Case 1 - 3
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Fig. 5.20 Modeling results (upper soil layer, depth = 0 - 1m)
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Abstract

Use of Bottom Ash and Ovyster
Shell to Improve Permeability

for Reclaimed land

Taejin, Kim
Major in Rural Systems Engineering
Department of Landscape Architecture and Rural Systems

Seoul National University

Due to the recent decline in land area, there is a growing need for
diverse applications of reclaimed land, which accounts for about 10%
of the agricultural area in Korea. The most important problem in
using reclaimed land is the control of the drainage performance and
salinity of the reclaimed soil. Because the reclaimed soil is close to
the sea, the groundwater level is high and the salinity of the
groundwater is very high due to the penetration of seawater. In
addition, since it 1s mainly composed of ceramides, the drainage
performance is very poor, and damage of salting 1s frequently
occurred. Therefore, in order to use reclaimed land efficiently,
improvement of drainage performance and management through

desalination are essential. Desalination of the reclaimed soil is carried

,81,



out by improving the permeability of the soil using a soil remediation
agent, or by Installing drainage facilities such as culvert and
drainage.

On the other hand, various industrial byproducts are generated by
urbanization and industrialization, so recycling them has the
advantage of saving natural resources and eco—friendly processing of
industrial byproducts. In the thermal power plant, coal ash, which is
an industrial by-product, is generated every year and buried in the
company’s headquarters. Also, shells such as oysters and shellfishes
are also generated in large quantities, causing environmental
problems. Since the bottom ash particles are large and porous, they
are highly permeable and can be expected to improve permeability
when mixed with the soil of the reclaimed land. The shell is
composed mainly of calcareous material and can exhibit similar
effects to lime used in soil improvement.

Therefore, in this study, bottom ash and oyster shells were mixed
with the soil of the reclaimed land to improve the permeability.
Experiments and modeling were carried out to improve the drainage
performance of the reclaimed land using mixed soil. The permeability
of the mixed soil changes depending on the mixing ratio,
characteristics, and grain size of the material. Therefore, the
permeability of the soil was confirmed by adjusting the mixing ratio
and grain size. In addition, for the desalination of reclaimed land,
mixing ratio and method of use were suggested and modeling was
carried out to analyze the desalination effect. As a result of the
analysis, it was confirmed that the permeability change of the mixed
soil was affected by void ratio, viscocity and the characteristics of
the material. As a result of modeling of the drainage system using

the reclaimed land, the drainage facility using the industrial by -
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product greatly increased the decontamination effect of the reclaimed

soil.
keywords : Reclaimed Land, Bottom Ash, Oyster Shell, Mixed

Soil, Soil Permeability, Desalination
Student Number : 2017-23927
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