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Evaluation of Lead Leakage Characteristics using Steel Slag for
Intermediate Cover

Yutaka DOTE, Kensuke KURODA, Tomoo SEKITO

Abstract

The purpose of this study was to evaluate a leakage restraint effect of steel slag used for intermediate cover
in a final disposal site. Advection diffusion parameters such as diffusion coefficient(D), volumetric water
content(0) and distribution coefficient (K4) were determined by column experiments and batch adsorption
experiments. Lead concentration leaked from slag layer was predicted based on the two lead elution scenarios
in which a distribution of lead concentration eluted from fly ash was rectangle (Scenario 1) and triangle
(Scenario 2). In Scenario 1, an inflow lead concentration was constant until available lead washed out, and then
the inflow lead concentration became zero. In Scenario 2, an inflow lead concentration increased at a constant
rate until reached the maximum concentration, and then the inflow lead concentration decreased at a constant
rate. The observed lead concentration from a bottom of the column agreed with the calculated lead concentration
using a K4 of 63.8 L/kg obtained from column experiments more than that using a Kq of 11.5 L/kg obtained
from batch experiments. One of the reasons that the K4 obtained from column experiments was larger than the
K4 obtained from batch experiments might be that the slag used in column experiments contacted continuously
with lead solution for about 50 days. In the two lead elution scenarios, in the considered range of infiltration
flow rate into landfill layer, inflow lead concentration in Scenario 1 and the maximum inflow lead concentration
in Scenario 2, the slag used in this study could not be suppress leachate lead concentration below the Japanese
effluent standard. In the two scenarios, it was found that setting K4 to 95,700L/kg could be suppressed leachate
lead concentration below the Japanese effluent standard.
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X 3. S A5 FEERAS 3.
# 3. Fa—T7 OB EAF & M EHE RS
Fa—T1 Fa—72 Fa—73 Fa—T74 | At ) REVEfR A | AEh RS ()
& B & (mL/h) 18 18 22 21 78 19.75 1.79 9.04
AR (ml./h) 84.5 84.5 | 81.25% 3. 25% 43%

TO0.45um DAL T LA T 4 VE—THIEL, BIEEGE
0.25mL MATHRAFLT-, ZThx 0 vk L, i
KBRGEZIL 1~2 BIZ 1 [FldsBieiail £ o 72 KHIZ 100m
LORVEERANCYH SV 7% Uiz, 37 ) 7%
1% 0.450m DA LT LA 2T 4K —"T 50ml Sl Li=5
WRICIRAEEE % 0. 25mL N2 THMT YT v e L, o
ToI2 KT pH ZIE Lz, F£72. HEAKIL Pb VAR & 22
T2 LMY T VR LT, SRIRE ORI
T L= AR AW L T L — A L AR WO EE
(Hitachi, Z-2000) % FHu 7=,

BRI T, AR ZKEAKICET L, s —El
Rol-Z ERMRLEDL . Ry 721D THEBIZEHAZ
Z2D R VRIS T, 3 RefikE %, R VN O K EZ
HELEW), ZO%, 17 LANOAT JERE 4RO
3 MZF L, 105°C T 48 I iz S & TIRA K 4

ELTEW)e 0 )& W, W, VOSEER) 2Tk
TRz,
Wy +W,
6= (10)
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441 REERER

NaOH & & #&7 pH OBIfR % X 2 127”73, NaOH IR0 &
23 7T(mL/500mL ZREFAK) LA ETHT pH 1T 12 iz 7,
7 (mL/500mL ZZEI7K) OUINIT pH X 12.0 720 HEEE L
7212 LIZIERRE TH T2, AT VO a2 LR
LT, L0ZEMTHD 8mL/500mL KK (RT
pH12. 1) 285@E ) & & 2 biiz,

B OAITAERZ R 3R T, RS O & & BTk

MAERIE B & 2RREICID2 b0
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T —HOWEFERXEHA NS Z L L LT,

q=k,; XC, (1n
Z 2T, q IR (mg/ke) . Kol X0 BOERE (L/ke) . Co TP
Wi (ng/L) Th 5D, AEBRTHE HALIZ Kol 11.5L/kg T
B0 | FEEO A THE D ALZME (11. TL/kg) "IEIER U Th

>7,

4.4.2 A pH &RHEKpH DR

EER R AR 3 IORT, Ta—7 1, 213K T 1
2, F2—7 3,41 IR 7 212y b Lz, Jiim% 80mL/h
WA X HICREL UTo27, 4 DOF 2 — 7 TOi &
DIELOEIE, EEURED 9% & /NS Do 72, BB )
ERIAT > =R ERE & ORI 4%& 720, B
MEBWTHLE LEREN G OND Z 2R LT,

=K pH ORI ZE L & K 4 a) ITRd, AKiEAZ R L7
HA Run—1) 1> 1 RERTOR KD pH 1% 8. 2 TR
i e & HIZ EFLTWE, 6 HH T pHI. 1 ITBE LT,
Z D, pH9.0=0. 1 T—E & 72572, pHI OV % it L7
BA Runl-2), #/k 2 BT pH 12 9.1 &720, LI
pHY. 12£0. 1 TIEIF—E & 72~ 7=, pHl1 OIRIEE I L=
A (Runl-3), 5 HE T pH10.3 £ TEH LA, pHlL 2%
JED 2o T2,

2 ZC. pH12 OFEIRIEAKEL Runl-4) 12, FE pHI1 OF
W2 5mK L= Runl-5), LU, i@/KBRGATE L 25 3
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4. 4 Run TO 24 R LARE O i BZSH). 200
RunID Runl-1 | Runl-2 | Runl-3 | Runl-4 | Run2 600 O Q O
SEE (mL/h) 90. 1 74.2 77.0 80.2 | 73.9 500 (éoﬁd
LTERE®) | 4.0 5.8 3.9 L6 | 2.1 S 400 8
£
5 300 ?
. . 200
DR, BHAD pHIZ 1.4 DEEE 572, ZDOZ LN, 100 Q
AT 7 % —BER pH DK LS E D & ARERTITo . © , , ,
W Z EIEREETH D N oTt, £ T, ATY B RS (min)

ZFHUE LT, pH11 O¥HR A #/K L7z (Run2) . #7KBA LA
7 B AL pH 1% 10. 6+0. 1 T—E L e o72, pHl2 ORI
@K L= 8E (Runl-4) . 6 H H LA, pH X 11.940.2 T
—E Lol

PLEX Y AGEKBAKDFERNS 2T 7B RETH Y |

pH9 LL_ DR % @K 5 &R HK pH b KA &
—BHT BN oT, Fio, RHK pH XiE KB 1
A ZBE S LB TEIlhd 2 ENnhoiz,

BEHAREOHEREEZK 4 b)IRT, PO&MtELE
X% 24 RRR BN OTREN —E L oo T, & 412K
Bifs 24 REFILABE DU DY) BERE A 7~ T, AEhiR
B 2~6%FEEETdH Y | 1[50 Run O EZ BT/ S 5
STz, Fi2. FEREIL 74~90 (nL/h) ThH Y R EHETH
% 80mL/h ® = 10mL/h OFPHTH > 7=,

R THEHNTEHELY 4 D OF 2a—THTOHHED
LS INE ot 24 BERGET D LR HKFTRIE
Bt @227, 1[E® Run FOFEZENI/NE o
Too AT ZIHEENMETH Y | pHY Pl OB K&K D &
ZHK pH HEA pH Et—ET 2 oo tz, &
7o, IR HK pH XiEAKB A 1 2R X 5 L BB —iE
72D 2 M ginot,

4.4.3 HF5LBKERER

T LBEKERIZEBT D o0alx 1.29ke/L). 0 I

5. Nacl /K FEBRIZ & %12 HKSERIE & 515
(O : ZERME, ZEHR : FHEE)

0.099(-) T o7z, NaCl EAKEBRIZI T 22 HAKRE
(BC) OB L L B TR O D W EH R R %
SATRT, FEIME & FHBEMEIZ L B LT, 2o
EMBEBEICHWE 0 L DITEY ThoTmE E AT, &
ST /LD =T7.19X10°%m*/s) ZHND Z & & L,

FhiEAK B CHE BT IR HAKENRE O ERIEEZ X 6 12
R, WKBHAAKD 8 B O RIXIR K DML T Omg/L T
72, AKBAAAK 9 B B A DR & IR HK O SRR A BN
Lthd 7=, /K BREAR) 50 H B TRHHKDERHEE D 3. 2mg/L
FREE S CHIIN L 72, WeE OO TR I3 7K D SR B 23 i AK
DOIRETH S 10mg/L 127D ETEREITH ZENTE
mamote, 7eks, FEEIIRIT O MK pH 13 12, 21 (B
HEMRZ£ 0. 08) TpHIZB L7 12.2 TRE LEE b/ S /o
7L E AT, WEOFHE 78, 0nL/h FEYE(FE 3. 08mL/h)
Thotz, EbBLZE 80nL/h TLE LA L /NI o
T EZT,

Ny FERICE > THELIE K11 5L/kg) & V7232
HUKERTE B DO RFRLE 2 S8R & LT 6 T3, FEHIiE
LB Loz, 2T, BHIKHEAIREE O IR & 5
FAEOZEARMDN R/ N E 72D L 912, D RO BRFRE
IZEY Ko xmRdTe, TORFEEZRKPICIRRTRTN, FE
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B EFFEMEIEV—FE /R Lz, BN Kol
63.8L/kg Thole, Ny FERTHELNTLK LV H VT
LFEBRTRONT K DFPREL ooz LTh T
LFEBRTHWZ A Z 713 BRI (K 50 H) & [ 72 <
ERVATIR L BRI L Q2720 KV A s Lz 2 & SRR
D 1o EEZEZLNT,

4.4.4 SiAHSFUFAICKBMBETH

TFUA 1 ICRITHREKOGRIEEDH L LT F=0.2
T C=10mg/L, 0.5mg/L OIFOFERZ ARSI & Iz
X 7R, KRR TR & & b BH-L Co T
L7z, IREEDS Te ICEET 5 &R /KSR X2 L
770 Ca?® 10mg/L & 0.5mg/L DA A i+ 5 &2 A
WREEXF U X 9 Zelham LT,

F 5 ICF & Cy DL TR KT O EE 2380
PEAKHLYE (0. Img/L) Z#B 25 £ TORREZRT, F. G2
EOERMETHIRPKRMIIEIL G FTEL., PEARIEHE
0. 1mg/L) LIRS Z LI TE o 1o, HEKEHEL 8
2 HEERNZ F I BE T CaNV PN EWIE ERFRINEL n o
7o EXD, HHLEZATZITIEF & CGEEILSHET
HHPKEELLTICHHIT 2 2 LT TE ol

T VA 2 1B DR HKOEEEDOF L LT F=0.2
T Cox=10mg/L. 0. 5mg/L DEFORE T2 i AJKSRIEE & 4
121X 8 1R T, RHKEMBEIIRAKIBEICEN T LR
L. Cox IZEE L7, TEAUKERIEEIZD LB TR KSR
TRIEDEAD LR 1=, TRAIKERIRE 3 A 3 5122 T

HAZK BRI EE & RIAR IS8 L7, Coax 23 10mg/L & 0. Bmg/L O
BiZ LT 2 &L Con DN E K 22 DI DAL CHRAKERTIRE
ERHKERREDEDN/NS L e oz,

F 5T & Cony DAL TR KT OENEE 2380
PEAKIEHE (0. 1mg/L) 282 5 £ TORRIZ RT3, Fy Cou
M EDFRMETHIREAKEIREIL Cox ETHEL, PEIAEYE
(0. Img/L) L FIZRD Z E WX TE adote, F BAREWVF
ELFT Cux DN EWEE | HEAKIEHEZ 2 5 F TORFH]
WEL feote, By 2 TRT L D ITHAKERE LR HIK
EREEN 0. Ing/LICE -T2 HOXEZRD & HETITLH
ThHol, IKETI0l HCholedREEKETHEY

12

10

C(mg/L)
[e)]

0 10

20 30

B fil (day)

B4 6. {5 HH KSR OO S & BRI i (O -
FEHME, SR 2 Sy FRERATH S Kd & V2
it OFFEHIE, IR SEKER TR O Kd &
RN 6 OFFRAE) .

40 50 60

12 0.6
10 0.5
8 // 0.4 //
Eﬂ 6 ED 0.3
° / ° /
4 / 0.2 /
2 J \ 0.1
0 0
10 100 1,000 10,000 100,000 10 100 1,000 10,000 100,000
B (day) B (day)
a) Cq=10mg/L b) C4=0.5mg/L
K 7. TF VA 1(F=0.2) TORRE] R AR, M R HARE).
#£5. VT U2 THOPKRIERE 0. Img/L) 2 % 5 F TORR(H).
U4 U A2
F (_) Cd (mg/L) Cmax (mg/L>
10 5 1 0.5 10 5 1 0.5
0.2 22 26 45 64 130(101) | 256(143) | 2889(171) | 11439(171)
0.1 22 26 45 64 179(122) | 386(160) | 5805(171) | 22707 (171)
0.04 22 26 45 64 290(149) | 734(170) | 14256(171) | 56510(171)

C¥B v I NITMAIRE &= HKIREEDS 0. Img/L IZE ST H D7)
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12 06
10 05 /\
8 'A 0.4 / \
Eo 6 l”/ %1 E 0.3 / \
U I’ o
4 Y/ ‘t 02 / \
2 \ 0.1 Al’/ \
10 100 1,000 10,000 100,000 10 100 1,000 10,000 100,000 1,000,000
B RSl (day) BFf (day)
a) Cax=10mg/L b) Cpax=0. 5mg/L
B8, U A2 (F=0.2) TORRH (R - FOAREE, FE# - IRHIKIRED.
0.6 0.6
0.5 0.5 >
0.4 0.4 F
®03 ® 03 "'.‘
[v) T \
0.2 0.2 i
0.1 /\ 0.1 — 4
. N o boemgeee” ‘ A
1,000 10,000 100,000 1,000,000 1,000 10,000 100,000 1,000,000
B fil (day) B RS (day)
a) U A1 b) > UA2

%] 9.
Cay Cor=0. 5mg/L, sl : FEABEE, ZEHR : R HKHERED)

X otz EED, U A 2BV THLEEHA L
AT T TIEF & Co 220 S8 T H PR EHELLT IS
LT liFTE P,

Ki% 95, 700L/kg & T2 &, KIITRTLHIIT2HDDY
T U AT IEAELL P C & 7= (F=0. 2, Cy, Caus=0. 5) .
Lo T SR T 7% ) VTR & L C AR 2 W5
THEATA FRERESED L) RER A 2 LT
Kq % 95, 700L/kg £ Tl E &5 Z EATE IR HAKH
DEIRE Z PR IEELL TICTE 5 Z LI Sz, 72,
BEAA T 7 DEKRD K 1Z 50, 000(L/kg) ® L HE SN TH
. ZHEAOVTHREELIZSEAE ST U 4 1 TR 130 4R,
U A 2 T 200 40 RTR KSR BE % Pl B HELL
T T X 72 (F=0. 2, Cq, Cuag=0. 5,

5, BhYIC

AL TEN O PR LIS A 7 7 2 Wi i5E
ZREL. AT 7 BRI 58 OURH I H & SR
HIEEHMELT, RXIA—FERDDLIZOIINNY T

2 OO F U A THEAKIEHELL R IZ N C & 2 /B R4k (95, T00L/kg) 2 72354 DR 3 (F=0. 2,

KERE T DR BT o1, £ 2 DOMEH T U A
Z AW TR 570 b O iR R E T 21T - 7o, 15
DN A AL TICRT,

D)y FEBRTHLN K (11.5L/kg) &0 $hidk 3
B B3 57 Ke (63. 8L/kg) Z& FAVN =5 232 ik
DERREE DO FRIE & FHFEIT R W—BEk R LT,

@Ry FERTHEONTZK IV T LFERTHLN
72 KaDF IR E L g o BT D 7 2 EBR TRV
AT 21T EBREIR T K 50 H) #E AR 2 < SATR LB
fih L T\ ez, L0EEWASE L2 ERFFO 12
mEEZLNT,

@)A1, 2L BITHERALIZAT ZTIEF & Cy
Coox AL ST HPARIEHELLFITHIHIF 5 Z &% T
XAV oY

(DKs% 95,700L/kg T D&, 225D F U AITBNT
F=0.2, Cq, Cnay=0. 5mg/L DIFE | 13 HKENREE Z FEK
HEHELLTICHfI T & 72,

G)HESINTWAEINAT 7 O KD K &EHAWT 2o
DF U FDF=0.2, Cy Coax=0. bmg/L ZZE L7585
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