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ABSTRACT

e

In this study, to examine the applicability of the lime sludge as a landfill liner, 1} the
geoechnical characteristics of sludge, 2) the characteristics of migrations of contaminants,

and 3) the characteristic of leaching in the batch leaching test are investigated.

As a result, the hydraulic conductivity(K) of the lime sludge was found out to have 10
times lower hydraulic conductivity than the maximum allowable hydraulic conductivity of
the liner. Retardations of heavy metals(Cu, Pb) were found out to be higher than that of
organic(phenol) due to the high pH(»11.0) of the lime sludge. As a result of the leaching
test, the concentrations of Pb and Cu were found to be close to allowable limitation, so

that they need to be kept in constant watch.

Key words : Inorganic waste sludge, geotechnical characteristic, contaminant

migration, leaching test, hydraulic conductivity
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Table 1. Physical characteristics of the lime sludge®

151

kinds of sludge

Physical characteristics of the waste

12 mil. ton/yr.
Quantity of
dumped waste

Total generation

Drag 50 mil. ton

residue of limestone after oxidation.
looks like sand in appearance.
grey color.

Dewatered cake S mil. ton

dissolved in the seawater; mostly lime(CaO).
nearly white color.
fine particle.

residue of limestone after the reaction with NaCl

sedimented sludge 150 mil. ton

the same material with dewatered cake.

settling material in lagoon.

Table 2. Chemical compositions of the lime sludge”

compositions(unit : wt %) Dewatered cake settling sludge
CaCO; 23 13
CaO 8 6
MgO 8 4
CaCl, 3 9
CaS0O, 5 6
Al,O/Fe,CO; 3 5
other(sand) 7 5
water content 43 33
pH 11.96 11.30
exchangeble cation(meq/ 100g)
K* 3.7 2.1
Ca™ 128 118
Mg 48 35
Na* 934 24.6

2.2 Ay

AR AR 2H B3 E d8s] 9
e €849 F2H =X (hydraulic
conductivity, K)7}F (107cm/sSl 271-& w33job

Ak, oSl Table 36 bkt vie} 2
FAY 2R, W25 9@ F
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Table 3. Required conditions for hydraulic conductivity of liner®

Percent by dry weghit passing sieve number 200 =39 to 50 percent
Plastic index =710 10 percent
Percent of gravel(percent by dry unit weight retained on a No. 4 sieve) <20 to 50 percent
Maximum particle size 251050 mm

2.2.1 Xgt sty EMAY

UEFFEAIFH(KSF-2302), AA4SA A8
(KSF-2303), &438HA Al (KSF-2304), o34
(KSF-2312). ?al-;rcz’}?}‘ o (KSF-2314) 18jaL
MEUSAUE o] &3 FeRiAER &Y A8
T3t

(1) AEUFAE7)E o] 83 FYHEE ZH
A1)

A7} oA o] e R o] EHAE AT
2#7] 5o 1% 9 (consolidation) T} 4]
A =% (hydraulic conductivity, K)¢} ¥2}7} )
S 4 otk ol@ A& s AEUEAIET

olgdla] FEAEE A¥S STy ol
Wl P& S olgA dAS0.9
ton/m)) AR sl AlMME $¥(2.4 kg/am) &
7kttt Carpenter” & AW A4 FeAE
Fof] G = Aatel i AFE ZAR 3l
Alge] A% o o] H]E 0.5 -1.0A01 & FA14A
4 A, A8 Y EE Yelle Ba(B-AW
N0 0.9401°¢8) gs gtk Akt

)

oln ta o

wEtr B AfAE A9 A7l A 3.7
cm, ¥ 4.4 cmB AR, G d FAG X
A7l & B gho] 0.94 o|Atd] £28 T Fald

Er A8 FYsian.

222 2USW HE 54 4y

SEede A 4¥s viAe M Fag
71%(mechanism) 2.2+ o] 787 (advection),
g 5d 8 &2 hydrodynamic dispersion),
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a8z X983 (retardation)e] ek o 22
FRAEE( (107 cm/s)E 2 WA 2Rl
7% E4Hdispersion)olyt o] (advection)l ¢
3t QEEA o)F dAdel Hlsl FHdiffusion)el
o3 o]lFH} o|& Ak Belsieh Fi o
g Q8 ol @8 Ao AuEd 713

(mechanism)o]t}® - 12- ¥ o &z (Pb Cu.
ﬁﬂ*‘“ ol F3 9 SAEA o gk 04:11 HArd g
Z A 2R o] g8)7] sl dAe® g

:F%‘_Tﬂr. Al T2 F3 48 S 5 °é:3: T U=
Ardte d¥td oz A 4 Langmuir,
Freundlich ®& 4% R4 o4 B48%
ozx (DM FEE& LPYBAY olFHTE
A7)l AR (retardation factor, R)&
Fehed o188 £ 9l

, .
ac ac Y 3

=Dy - oy
ot az R 7

4714,

¢ = concentration of the solute in
the liquid(ML?)
D, =Dy, / R) = apparent dispersion
coefficient
Dy=hydrodynamic dispersion in the
direction of transport(L’T?)
v, = seepage velocity(LT")
R =retardation factor

nKp

8= dry bulk density of the soil (ML?)
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n = porosity of the soil 15, 20, 25 mg/LY 4 28E3 20 mlE glass
K, = partitioning coefficient vialell F1stAh. 25Tl 18A17F Bt £3 %
L 15 ml¥ #3319 300rpmeg 15"?'—7} A &
s AL o
XAt ’1‘_’5&1% B0 AE B AR 3 FF

Bz (Gas Chromatography) 9 9x&+%
3 (Automic Absorption Spectrophotometer)

w28t Table 49+ Table 55 Z+2 714
ARvte 19 AFTERH] T2 o]
o

2 A4sid Ed(autoclaving)d ¥ 94 dry
oven2 2 150TCelA] Azste] ARSI}, FAky
gol| gk F(Pb), F(Cu), 22z #E 22t

SHE Ut FEFAEAHS B el 289 ¥
2312 30 ml glass vialel & 2 0, 5, 10,

Table 4. Operating conditions of the FC-FID

Phenol
Solvent ' methylene chloride
Column HP—S(ESm X 0.32mm X 0.52um film thickness)
Detector FID
Oven Temperature B 100C(2min) -- 7°C/min -- 250°C (Smin)
Injector Temperature 2007C
Detector Temperature 300°¢C
Cuarrier gas N2 N2(99.999%)
GC Mode Hewlett Packard 5890 I

Table 5. Standard conditions of AAS analyses

HC lamp | -
wavelength shit width Fuel gas flow rate
element current type of flame .
{mm) (nm) (min)
(mA)
Cu 217.9 4 0.1 air-C,H, 2.6
Pb 283.3 5 0.1 air-C,H, 2.0

(2) A =4 48
(7h) AEAA
Al8E Fig. 13 #o] A4 Tem, Zo] 10cm94 712 A& 24 (column)ol] 2
2 7RRIAA AER 2E8F FAGIEE Y 3 AlEr1e] FRAA e f71EY §2E WA

el B25% AHQlH A ~E (stainless steel) ¥ Bl ZE(teflon) A2 2 AL&-slHT)
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Fig. 1. Schematic diagram of the column test
equipment (a) overall diagram

(b) photograph of the equipment

(tF

ZYho] #4& 1.4 x 10° cm/secE FA38H
. ZHE7] EAHAIF(apparent dispersion
coefficient) & +3t7] & vlHkgAd EA2A
chloride(Z715% 1000mg/1)& AFE-3lg 0w A
el M2 F3E FE(C/C)E 2AFozH
Cu, Pb, s=(Z7} 1000 mg/hell ta 2H7| 2

N

O35
o

/g
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A% (Apparent dipersion coefficient)E& 8
Aot HEe Table 49 2 240M 7k A2
ntEI S E o] &8l , | Fele Table 591

£ ZdA G EBYE o] &3l $M%
%t} Cl—= Chloride electrode(Orion)& £33}
At

2.2.3 8344

2 48 743 Ao 1 225 0¥
Hoj oJgt FHRA F= IFE B Y8 57
&, sl 2 Adgel tig 3"*—4%% T3t
. $% 27]= 500 ml media bottleS o] &3}
o 1:16 (A& : &&H)9 vj&2 ¥ F 2003

£% HtH(Fig. 2 F%). Al
59 Mg triple® 3191, 9.21 mm AE §

gk Al5TE ARSI o9 o] Aeld &
A& 80T dry ovenollA] 4AIF AZRAA F2&
BF A & ARSI Table 6 = 34l
ojg 8&dgS By] A3 A2 AdFalre] A

Table 6. Compounds of artificial sea water

for leaching test

Compounds Weight of Compounds
NaCl 23.497
MgCl, 4.981
Na,SO, 3917
CaCl, 1.102
KCl 0.664
NaHCO, 0.192
KBr 0.096
‘Subtotal 34.45
H,0 965.55
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3.1

[ lime sludge
¢
. . o Acetate buffer
leaching solution deionized water sea water :
leaching test
Drag Drag Drag
Dewatered cake Dewatered cake Dewatered cake
Sedimented shidge Sedimented sludge Sedimented sludge
&
Leaching time : 24 hr.
Agitation speed : 200rpm
&
H of initial leaching
pHLOT It [EAchine 5.65 pH : 5.65 500
solution
pH of leachaing
solution after leaching 11.6-12.0 11.6-12.0 5.0 £ 0.05
test
4 |
O Settling time : 30 min.
O Centrifuging : 20 min.
at 3000 rpm 0.45um membrane filter
¢
O ICP
(Cr, Cu, Cd, Pb, As, Hg)
O AA(CN-)
Fig. 2. Procedures for the leaching test.
3. Za} ¥ pE 39~50%% DEHE Aoz ekt dx44

Ao A B 54

SMse] QERE A9 A9 #2004 54 9

H o
(LA )

[s]
3

2 100%°]™, °]2g

BE] 93 2039

e As Ae B

#2004 B3t HEE >

g 47 B34 (liquid limit, o) 113.5%, &4
¥l (plastic limit, ;) 35.5%, 223 AQEA
o 24319 22 Yeille 29214 (plasticity
index. PD)= 78%Z uYEldth Fig. 32 i34l
3 Adelrt. FM3e HH P (Optimum
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3.2.1 S2EAMY 2t
dirRoz oqige] FAA dd FAEAE

QbC,

Langmuir 24 : q, = oo

Freundlich 29 : q, = Kn C'"

714, g, = solid phase concentration at
equilibrium(mg/g)

C. = solution phase concentration at
equlibrium(mg/L)

Q, = sorbed solute concentration on
the sorbent corresponding to
complete monolayer coverage

b, K, ., n, Ky =constant

Table 7& A3 o o8 T (Pb), 7=(Cu),
7= (phenol)oll <3t F&AHE AHE 48,
Langmuir, 28}31 Freundlich 2de] oja =
A3t AnE B2 Aolt}, FARM 3o ogh i ¢
2], dzol gk FAAE Ao A4S FYT ¥
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Table 7. Sorption isotherm test results for Cu, Pb, and Phenol

Ay Langmuir Freundlich
K, R’ Q, b R K, n R
Cu 2.1554 0.8304 56.179 0.097 0.9813 5.779 0.6542 0.9589
Pb 1.8181 0.7867 56.818 0.0838 0.9722 6.9622 0.5493 0.929
Phenol 0.2616 0.6265 10.66 0.09909 0.9987 1.80868 0.4375 0.9574

T e Langmuir Rdo] ol& e dEd
g FAE4E 7P 2 JehdE & & doh
10 gsce @ Z(monolayer)oll tigh o 22 Ve

s We Qe 4% 93 FelolAl zhzt 56.8183
56.1792 ﬂﬂéfoﬂ o gk 10.6690 vlah oF 5uf%
38 08 _ = 2 EE g A Y+ U od Ade
© 04 Ak gle] & pHE Qali(11.5 -12.4) T8
. o]2Eo] OH U CO/ ) 2ETe] 23 dES 84
glo] A AL o]igAd o] wolxld] 7118 Ao
*° ° ‘T : Te ‘ ‘:ef‘; e o 10 11 12 AREn VP dW/dol 2 Langmuir 2E&
T/To ol &3l A 7 cHEFHE AAAF
(retardation factor, R)& 8, &, #sd o
(a) sle] 747} 15,33, 12.6, 2.232.=2 A
1.0 08 1.0 .
8 § 08
S © g4
0.2
2.0 —r—— - S0-0-® T
] 1 2 3 4
T/To
(b) {c)

Fig 5. Breakthrough curve for a) Cu b) Pb c) Phenol
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3.2 2 AU ZAS ZT}

T, |, Hed g 4 (DS o83 2E
F2HA4 D, (apparent dispersion coefficient)
g 78 ZA3E Fig. 59 Table 8 eI}
F2o] o3 AQ A FFHEEANA A8e

HZ #7182 Roe 359 it AAN
F2(7.5), F(4.4), A=2.59 o8 AE &

7 27 depdeh, AaFgdEos 78 A
A%e e $LERLY AR2rE APE A9

Aol Bl Tha: ke @e T T 4 Uk ol
He 49 24 497 o948 FRARY 3

ZmAo] zoleol TEZA(flow condition)®] 2}

ol o Aelth” ¥ Al WM, T2
Age A$7F AuFddde val 22 soil :

solution®] & 711 g3 &4 380] gle(no
flow) 240l 2857] wEo] AfFgdge g

;

Table 8. Apparent dispersion coefficient and

retardation factor

Contaminants Cu Pb Phenol
D, (cm/sec) 53107 3.0 107 1.5x 10
Retardation Factor 7.5 4.4 2.5

33??}
% &E% %%%’«1 pH7} 11 5-12.59] {4
AF CARAecw ) ZFLEHA &
&ulE pH 6Wl9le] oz A oA
2 gi} k= dhye B2AME e =U
xR Q& BT el TdA 4E
803 Aoy vl A 2 Hdr), ol® ol A
49l ojgAlel AaAE weiE 5 grke
SHAG. w2 & @M e &2 pHE 5
2 4Pl RRGEM &&E TR A
71exe 2A FASHA 0.5N ojHERte R
g9 pHE 52 FASIN £2¢ Yl
ot zt &2H ] e “*“4544 %

3 Ave 3 BHed IPAY
#3713-& Table 9 eI,

B mlo 2 r_Q o

X,

Table 9. Comparison of extracted amount of heavy metals by each methods

Contaminants Waste Test Method Extracted Amount | Regulation Limit
(mg/L) (mg/L)

Distilled Water 0.20

Drag Acetate buffer 0.20 1.5
Sea Water 0.27
Distilled Water 0.20

Cr Sedimented Sludge Acetate buffer 0.33 1.5
Sea Water 0.20
Distilled Water 0.20

Dewatering Cake Acetate buffer 0.40 1.5
Sea Water 0.20

Journal of KoSES Voli.4. No.2 149~161. 1999
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Contaminants Waste Test Method Extracted Amount | Regulation Limit
(mg/L) (mg/L)
Distilled Water 0.20
Drag Acetate buffer 1.50 3.0
Sea Water 0.20
Distilled Water 0.20
Cu Sedimented Sludge | Acetate buffer 1.30 30
Sea Water 0.23
Distilled Water 0.20
Dewatering Cake Acetate buffer 0.90 30
Sea Water 0.23
Distilled Water 0.10
Drag Acetate buffer 0.10 0.3
Sea Water 0.10
Distilled Water 0.10
Cd Sedimented Sludge Acetate buffer 0.30 0.3
Sea Water 0.20
Distilled Water 0.10
Dewatering Cake Acetate buffer 0.30 0.3
Sea Water 0.20
Distilled Water 0.20
Drag Acetate buffer’ 0.83 3.0
Sea Water 0.50
Distilled Water 0.20
Pb Sedimented Sludge Acetate buffer 0.90 3.0
Sea Water 0.50
Distilled Water 0.20
Dewatering Cake Acetate buffer 0.90 30
Sea Water 0.50
Distilled Water 0.005
Drag Acetate buffer 0.005 1.5
Sea Water 0.005
Distilled Water 0.005
As Sedimented Sludge Acetate buffer 0.005 1.5
Sea Water 0.005
Distilled Water 0.005 1.5
Dewatering Cake Acetate buffer 0.005
Sea Water 0.005
Distilled Water 0.002
Drag Acetate buffer 0.002 0.005

Journal of KoSES Vol .4, No.2 {49~161, 1999
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. Extracted Amount | Regulation Limit
Contaminants Waste Test Method
(mg/L) (mgL)
Sea Water 0.002
Distilled Water 0.002
Hg Sedimented Sludge Acetate buffer 0.002 0.005
Sea Water 0.002
Distilled Water 0.002
Dewatering Cake Acetate buffer 0.002 0.005
Sea Water 0.002
4.4 = Je xy Aoz AlawEd. w Pbat Cdol
Ag 712 233 =g YEhfo] HIE F
B 7= BRAMEE ofYgx] RN o) AR E et E FAIT AUt aFE =
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4%, 123 §249% S ge e v dax=d
2% 2t
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e & 5.57x10" cm/s® Wgﬂmur S AR 34, 1996.
UFPEY A ARYulel D223 §2F D RED WHA S AN 08 A
el Zex 2+t 1.9 kg/ew 2 0.3 kg/om? et s AF R oA ppl~ 13(1995)

oleidt AWTFE FAMIE
A A2 A}%@J Al A T AxE
M e FPshs Aol felg Ao et
Wit

2) g 29EZ=2 434 Cu, Pb. Hzd dig
287 2D, & 78 434 Cu, Pb,
aelm iz 247 gig D, & 5.5%10°, 3.0
x10°, z8lz 1.5x10° m/sE YElch &
Zo o A|A ZAde F71EA Ede FE5
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(2.5)9] £o2 Ad It A veRyitt

3) 3%, 2B A4S ther AR 8%
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71Eelsl s el 34 &% dig fal
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