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Abstract: The effectiveness of cement-fly ash-treated contaminated soils in two remediation case studies in the UK is studied
by comparing their time-related performances (e.g., strength, pH and leachate concentration of heavy metals). This is because
the long-term performances of in-situ stabilisation/solidification technology and the effects of this technology on different
contaminated sites are uncertain. The sites involved in this research are the West Drayton in Middlesex and the Castleford,
Yorkshire, each with a different range of organic and inorganic contaminants (Cu, Ni, etc.). Field trial samples are subjected to
unconfined compressive strength (UCS) and two batch leaching tests (TCLP and BSEN 12457) at different time points. The
results detail the strength and pH relationship of similar mixes under different site conditions and different time scales, so as to
validate the effectiveness of this remediation technique. The immobilization degrees of these two metals in different mixes
under different time points (0.08~17 years) are calculated, the values of which are >99.4%. The 17 years’ effectiveness of
cement-fly ash-stabilised/solidified contaminated soils in these two case studies is confirmed by comparing their strengths and

leachabilities at different curing time points.
Key words: real industrial contaminated site; cement-fly ash; in-situ stabilization/solidification; unconfined compressive

strength, leachability; long-term performance
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Fig. 2 Plan of S/S-treated columns and coring locations
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Table 1 Soils and binder characteristics of S/S-treated site soils

. + K T (Wt%)
T ] ) R
ME RS AR L0 (wit%) T PC DA
A 04 831 50 28 95

WestDrayton p ' 831 50 32 86
. sS4 1 8.0 75 25 50
SMIRT  gg15 700 15 50 100

3G YRR R L BCR BAIRR T . R 2
XFEE T PIANTG Gy 38 b 1035 ) L R . West
Drayton 335 4t b 8B (9K 825 = T SMIRT
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A 1 m KR R B T S g
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YIE. 7oh, RS TCLP 1 BSEN 12457-2
TG rh B R BT ), 2 seh, BRI BRI R
i 1A 4 mm (P, R EFRE 50 ¢ BARLE 1~4 mm
PIRE S DN RT3 B B, A i 500 mL s
7K (pH 5.4). 25 24 h 3N G E, &L 500 mL
L EEWBIEA 0.45 um R BEIS 98, M%) pH.,
F£H ICP-OES L5 e & E & @R E, &5
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Table 2 Concentrations of contaminants in made ground in site

soils
LTSy 15 AR g ke )
West Drayton SMiRT
Pb 2801 95~175
7n 1589 150~220
As 13.8 130~140
Cu 1264 1075~1600
Ni 105 1170~2200
Cr <5 700~1150
AN 566 7185~9230
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Fig. 4 UCS values of mixes A, B, SS4 and SS12 at different time

1000 F

TeA BT FE R B /kPa

100

points

FEdh AL BYEIEE 12a J5RI SS4fE1EH 1.5a )5
FISRFEILL, 43514 2250, 2500 kPa LA 3000 kPa
FA . Kogbara® IRELFE H Zn, Pb FIAH L2 AR
B4 58 . KONTE West Drayton Tl H A ) 3 3=
B2 E 4R V5 Y, 1 SMIRT i H i L3S E £ 1)
BHISSY, EBE 1.2 a f1 1.5 a Ja il H 0w 5
FW, A AMEIELF. MK, AFEE
JeWI X2 AT 8 H b B 380 A N T P ] 4 255 R 5 )
P R SR L AN 2 . MR, BTz
e B (1 R PR, 34 75 B8R 22 (1 01 H S i ok Bk
TS SRR SR E IR R A4, WE 4 HaTLLE
H, 7E 1.5 a i) E, SS12 SRR T 1 MPa tHiK
TS A FI B IR G 2 AN H IN5RE, XK,
PSSR 2 2 FPIA M, ELnfE AR BRI
V5GBSR KK LG DL S 7 [ A R 55 5
3.2 RH® pH BT

K5 45 TRESD AL By SS4 1 SS12 A [FF R
HARLE NIRRT pH BERT (R0 2k . B 5
FEF|, TCLP 2R HIRLE N RIS AR WK
pH M2 6.5 ETFF] 9.5, AR IRES B 3= k1)
pH M) 7.6 LT3 10.1, iX 2 i FHE S KT 4]
KA DA AR i — i R  fEHE T £ S a
IR, RS A FD B IR T pH AR TR, X2
KA 7K R 5575 G i R A OB LKA P i AR
GeNZ,  [FB HARA S R BRI 46 T A
MNitFE. 25 17 & A 1 B { ] TCLP 1 BSEN 12457-2
RIS F () pH 18 O AF Wang £ IR 58 % B 20 #7PL
A4k, iEiE BSEN 12457-2 #:PEE R 545 2 s
RI: FES SS4 F1 SS12 TEBH 1.5 a JRIR T pH
ELRESh A R B /2185 5 a J5IR IR pH I8, HEWT
WA, XJ2 BT SMIRT T H Hd A (7K K B st s, T
H A A SR B A LS ) 5 8UR a6 58

pH fiX T~ West Drayton 11 H B (1) 4] 45 - 4% pH &t 7] fi¢

RS RAZAE R 22—

13 ——SS4-BS EN 12457-2
—e—SS12-BS EN 12457-2
12t —a— A-BS EN 12457-2

—A— B-BS EN 12457-2

11t —— A-TCLP
——B-TCLP
o 10

8 10 12 14 16 18
I [Al/a
5 #¥dm A\ By SS4 1 SS12 FEANEIRYE] = BYIR it pH &
Fig. 5 Leachate pH values of mixes A, B, SS4 and SS12 at

1 1 1 I
0 2 4 6

different time points in two sites
3.3 RUi% Cu. NiBBHEM

BARFE 2 hy i Tig gt 6 ME & B IR Y)
EvEl, K6, 7 Ren 7 f# A BSEN 12457-2 #1417
HARIETS 21 Cu A1 Ni fEdE, X2 BN #H BSEN
FEPEIR RIS K As. Cd AT Pb (193 H R S A
(<0.001 mg/L), M Zn LEPIANTI H H 132 H ik Lz AIK
T HAKFRHE (3 mg/L) B 1 A5 B L AL TS
AR B RS TCIEBA T L T, RIEATE A S R
. A3, 3 R TR F Co Fl NI FEAS AR [A]
AR e R .

Kl 6 45 H T FEM AVBLSS4 1 SS12 ] BS 12457-2
FEPER I Cu7E 0.08, 1.5, 5, 17 a4 AN
A k. W 6 el AR W, BT R e
5] b Cu fR935 R B ARG T L AH B2 A ZK AR 2
mg/LP, BEARREN A A1 B FEML BT ] EL SS4 AT SS12
KIRZ, (HZABR T B IR 5 IR IR AR
L, HAWERE A B R . PR B RS S FENER H
WA BE S 5 ezttt Cu A AN BRI . H 4N,
ME 6 TTLLE R, Cu BIR HIREE S E] 15 443101
BTGB RIFH MR, B T U0 /s il sh 25 P 1l
%P1l RO TR ) pH . X5 fatta Z7E
VR S AR (I T i R B 5,

»
(=}
1

»
“w
T

Kb

g
=)

B W Culf e B /(g L)
5 G

o
n

(=]

A B ssd ss12
S

6 #fm A\ By SS4 7 SS12 ZERERTE SR LIRS Cu iy
RE
Fig. 6 Cu concentrations of mixes A, B, SS4 and SS12 at different

time points in two sites
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Fig. 7 Ni concentrations of mixes A, B, SS4 and SS12 at different
time points in two sites
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Table 3 Percentages of BSEN leachate concentrations to their total

metal concentration for two sites

v o [ 58 R /%
el 0.08a 1.5a 52 17a
A 99.98 99.49
B 99.3799.79
Cu goq 99.64~99.99  99.95~99.99
SS12 99.90~99.99  99.87~99.99
A 99.91 99.96
. B 99.9099.91
NI goq 99.91~99.99  99.96~99.99
SS12 99.97~99.99  99.96~99.99
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