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Engineering practice of ex-situ stabilization for contaminated site soils
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Abstract: A systematic study on the ex-situ stabilization of multiple heavy metals-contaminated soils at a contaminated site in
China is introduced. The key construction processes including excavation of contaminated soils, mixing of contaminated soils
with a proposed novel stabilizer, evaluation of soil treatment effectiveness and backfilling of stabilized soils are presented. The
stabilizer is composed of polymeric ferric sulfate, superphosphate, calcium hydroxide and chlorite powder at a dry weight ratio
of 4:2:1:1. The dosage of the stabilizer is 2%~4% (dry weight basis) and the treated soils are cured for 3~7 days. It is found
that the leaching concentrations of arsenic (As), antimony (Sb), copper (Cu), zinc (Zn), vanadium (V) and fluoride (F) are lower
than the corresponding remediation target values. The Hitachi integrated soil remediation equipment is adopted in mixing the
soils with the stabilizer. With the mixing equipment, the particle size of the soils is smaller than 20 mm, and the mixing
uniformity of the soil-stabilizer system is found to be higher than 95%. The stabilized soils with heavy metal leaching
concentrations meeting the remediation target values are backfilled to the in-situ site, lined and covered with composite barriers
for the purpose of human health and environmental risk control. The structure of the cover barrier system, from top to bottom, is
composed of compacted clay liner, non-woven geotextile, and HDPE geomembrane. The structure of the bottom barrier system,
from bottom to top, is composed of compacted clay liner, non-woven geotextile, HDPE geomembrane and non-woven
geotextile. After compaction with layered lifts, the thickness of the stabilized soils is controlled to be 3.0 m, and the degree of
compaction of the stabilized soils is higher than 90%. The construction processes and key parameters obtained from the project
are useful to facilitate the ex-situ stabilization of multiple heavy

metals-contaminated soils and the risk control of treated soils BESTHE: FAREAHIRIFRTIE (2019YFC1806000); [ AR
being reused as geomaterials. FREGTIH (41877248); 4+ %5 TREE K 0 SL9 FIT L &
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Pl R PR R 2% ) 2 AT AR I B 3 b L P 119 7K S
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SR EEMGYEEIR 1 PR, 5 HREEE
BT A R iR R R T KRG
%) PR RE AT .

R 1 AT%l, RS AIER R (ks g
W& B TR R kAR, AR 9 bR s A 3
RS B LD BE, 41 21.9%1 20.6%:
P EBER, BN 0.4%. J55 i e v &
B REMEIONEE 19475 mg/kg. 4 1405.5 mg/kg-
B 1237.46 mg/kg. il 498.82 mg/kg. £ 87.56
mg/kg. Pl 74.38 mg/kg. IR HIKRIEEHE N ND~
4.71 mg/L (ND /R ARG HD, KR Bk g
TKFBTEARE) PV RARHEE 94.2 £5; FAMR
R FE T Bl ND~4.48 mg/L, e K I HY I BE B (3l
KT EARAE) (GB/T 14848) PSIIV K FrUEAL 2.24 1%
BEffIR R B VS R ND~104.9 mg/L, ft KI2 HkE
R (R KB EARE) (GB/T 14848)2501V b5 (E
20.98 fir; B 4 PUITIR A B L 43 )& ND~0.45
mg/L. ND~13.71 mg/L. ND~0.151 mg/L. it +1k
TSYREN 0~4.5 m. Hh+1k pH 2 5.22~9.44,
KBy XS 2B . s G+ 32 Tk AR

xRS RMBIRIE R RIS RRE

Table 1 Pollution levels and depths of research site

V) u*%iz*iﬁ ﬁéff’z‘ B%%/J\ﬁ B?d:ﬁ %’/‘Jﬁ i‘%&if&& RBARR SR
/mg'kg)  FEREL /(mgkg!) /(mg-kg ") /(mg-kg ") /(mg'L'") 1% /m
itk 20 3776 6.80 18110.00 498.82 ND~4.71 21.9 0~4.5
B 20 2715 1.20 1184.20 87.56 ND~0.45 8.3 0~3.5
4l 2000 2560 10.50 36344.00 1405.50 ND~13.71 3.9 0~2.5
B 3500 2673 68.30 142000.00 19475.00 ND~104.9 8.4 0~2.5
£ 165 2211 430 186.70 74.38 ND~0.151 0.4 0~1.0
A 650 3154 18.62 10241.50 1237.46 ND~4.48 20.6 0~1.5
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Table 2 Physical properties of contaminated soils

S BUE

FARE IR wi% 25.7
X FRERE G 2.64
AR we/% 30.4
IR wi/% 414
A EIKE wopt/% 16.4
BRTHE pa/(g-om ) 1.74
pH 6.36

FRL S 2/% 24.8
MRS /% 66.9
WORLE /% 8.3

2 128 BfrHHE

D Ts e RIS S S H A ER E, RS
Y2 IR FEGTMBE AR E H AR5 Sk BEAR TS B HARMA
WYETZEHR, BNFTRSEIZ. FETRPESMAE
R R P A I, SR ARSI RO P H AR, W
R 3. NG R RIS LA S, RANR HK
JEXS RS E WRCRHEAT VRS, R TTES I (AR
RFER M TTE ACFIRGE) PR HUE 3T -

&3 AEEERMERRER LR ERE

Table 3 Clean-up target of research site and leaching target of

stabilized contaminated soils

HHY EEHAME/ (mgke ") IR HIREFRE/(mg L)
fith 222 0.10
B 20.0 0.01
Gl 70.0 0.50
B 175.0 2.00
Bl 96.0 0.02
A 630.0 2.00

3 FRitHRMIRENET
3.1 EERARKLZ

N T KGRI HOAS [R5 G R B e I B 46 2
), LREWELA. YHHARE ). BERAREZ Y
FEF G, U5t oy T, i) AH B AL 2R AL
B PLpHh 32 B5 G R F (1) E s o R K
Y5 g LRI N EEE Y S YRR
it A TRERERMELZILEHEE W, RiE5
PR R U N A AL B 7 O G Yt AhNE %
SRR, @b YT e U A AR A S T BELR =]

H; @BEISYAAINS TRAAIH . S YR
FAL R E AT Y S . T TAL R, £
EFRE SR BRES5REFRE I 77,
FREMBR NS Tp. Btk z G, Bffke
ZETM AL B2 |/, BORE 3T e 2R AR5 YLK F,
Jrl = IR RERBE. REhLERis
W), i 2 R X AT R R IH

3.2 SHRIFEEESRECEARE

Sy i5 G LIS AR ARG YR T T YRR
YRR AR X BT . 155 hiE 125 o X
1%, HEGERLIGYIKA. RS, F &KX
R FH RS I 15 46 45 A S 56 s R e AT RS HE B
BERIS T2 00 5, ORAES G FE Py (975 e AUtk
THEEL, MR HARME LR 3.

B HE, PLS00 mP N—ANHonHERE, FR
IR TFEL) S kg ik 2 9050 = T R AR E 4 % 9 B0
ERENBE. Z5 IR T, RARETKER
18.6%, pH fH N 8.62. iRII5 Y+ KI5 Y [F 11 & =
A (925+43) mgkg. B (238+21) mgkg. i
(3624+£85) mgkg. £ (6851+114) mgkg. Hl
(418+13) mgkg. WM (1426+64) mg/kg.
HRIR BRI R RRA . AP, B B
B151, G2 IRMNMESAHE) HFE 500 ¢ 5T B
MBEN 1%, 2%, 3%, 4%, 5%, 6% (Hi54tT
) MARER, WIS TR RS KERN 20%,
FEAEF NJ-160 BUKUe A FEN L5 B L 55808 7
PHER S A BIRRE RN EE TR B K
LR, R NECEtE N 4 02 01 0 1 IR AR
B, T ERRAS (XL POs 16%) F A FISkE
o Rt SREFIREHA G, FRI—EREr+
FEZEN EARN 50 mm. &% 100 mm AN H,
KT T T e s A, P SR 90%. i a2
G, RABGERARE IR, TSR, BT
FRUEFRPYE CGREE 2042°C, MXTIREE>95%) 7747 3 do
FP GG, S (AR YR R %k KF
PR L) P R I R IRt B

B 1 Ay s e AR MRS SRR e AL T R R
BEPE IR 45 5 K% O pHe R P 1 R, g e A
B H B B AR R EE 4300 0.39, 0.035,
1.81, 5.72, 0.027, 3.42 mg/L ¥kt aE Abpfl (W
3. RN BARTE SR IRk E R E R E B E
3R s PR . AFE RIS RN 3%0T, M. Bh 4.
B IR IR FE 53 ) 0.084, 0.008, 0.022,
1.26, 0.088, 1.44 mg/L, HMLTEE HirE (WK 3).
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Fig. 1 Leaching concentrations of As, Sb, Cu, Zn, V and fluoride
for contaminated soils before and after stabilization and pH
values of leachate
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Fig. 2 Layout of areas with stabilization of contaminated soils
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Table 4 Performance parameters for integrated soil remediation

equipment
ZH HE
@)) FRE R/ 18.6
FEAKAKE /mm 12500
Q)#% FEAR T8 /mm 2990
R BIKEE BT 4355
F)/mm
e KR B/ (m3-h ) 135
NN VEE SmavIE ARSIV
RAE TR i
NN 15 e R 2125 B/m? 1.8
O Rt 145 3
: e L 9 7 20~180
/(kg-m?)
ERLRIS T8 500
/mm

VO BB S MR b L b, Bt &%
BB S, LRORDRAR AT BERE AL 90%TE 20
mm LT, 60%fE 10 mm LT, A A Ti5 54 5255
MIFE RN o 2B R — AL B I IR E &
BOINZ50], AR R b SEELS G BRI K&
HERENNRS. @2&iE, Hikthiae
TR L AR 7 R BOTHRHIE 5% /A, R S5 g
HREHS . REERET, IR S KR
20%~25%W . FKFSIRS MRS E RS Hbris 4
MR NGRS ;s KRR ERE#EL R, A%
PipE . =BG e AR E AL BERE /29708 5000 m¥/d. ¥
Qe LR R st B IR IXHEAT IR, FRIITIA] Y

3~7 do FRYRLRE KA B e A, B IRk 7K
Ko FRAP BB RIE , th 2R =5 WU AL # R 500
m® A AL R MR LR, BEATIR R A,
Pt AR E L RCR

4 FRAENHRITME

i S A7 R A )RR VAl DARR E A H FRi s G
VIR R BNV bR, IR TES IR (EREY)
B EHERH L KRG E) PR EE 17 .
ZMR BRI RV A B SR, /)
LR B ARTE G Rk BT BEE TE 5 H bR AR,
WRBEER: TR ERE R BIKRERTEBEH
FRERE, AN RBE IR RA A L EREEY)
B HIRFEH R B E RIS, el HE s RIB e
R

Kl 3 51125 T 364 e e R i A B TS 1)
R . H, 5 3eWie ok B /N T f s i PR
(LOD, limit of detection) LA 0.5 £ LOD Ziit. HKE
3 AA, R b, B AR IR R R
BEER, CADERE SRR, B, PLINIR BRI
EE BAnE, EARFERED RN 1A 4 NF 24
XTI IR PSR I B B H AR A R E L AT kAR e
b, W 2%mRaER, SREHEE. YA, HiR
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RS B ELR T H RT3 b e i 25 18] 73 A7 R3S

0.12 | _ 0.6
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g g Bgo 8 & 0.008 4 o 4 & v gV ¥y v
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Fig. 3 Leaching concentrations of As, Sb, Cu, Zn, V and fluoride for stabilized contaminated soil
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TATF R TR o )2 65+ A A HDPE + T
FI B o
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Fig. 4 Components of cover barrier and bottom barrier system
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