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Geotechnical investigation and remediation for industrial contaminated sites

LIU Song-yu
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Abstract: Aiming at geotechnical problems in the redevelopment of industrial contaminated sites, the research achievements
from the author and his group are throughly summarized. The researches includes five aspects: (1) Changes of fundamental
behaviors of contaminated soils and contaminated site classification from the perspective of engineering properties. The
physical and mechanical properties of heavy metal-and organic-contaminated soils are presented. Based on the risk assessment
of contaminated sites as well as methods for soil classification in the literatures, the index classification for contaminated sites is
developed using the analytic hierarchy process structure. (2) Application of piezocone penetration test (CPTU) to in-situ testing
in contaminated sites. The resistivity characteristics of contaminated soils, testing methods for resistivity piezocone penetration
tests in contaminated sites and permeability parameter evaluation for contaminated soil layers using CPTU are stated. (3)
Advanced solidification/stabilization technology. Mechanisms of solidification/stabilization of heavy metal-contaminated soils
are revealed. The effects as well as limitations of cement-based solidification/stabilization are illuminated. Phosphate-based
binder and alkali-activated slag for solidification/stabilization of high-level heavy metal-contaminated soils are developed.
Great effort on the improvement of solidification/stabilization construction technology has been conducted to enhance the
engineering properties and environmental safety. (4) Treatment of organic-contaminated sites using air sparging. The air phase

motion, treatment mechanism and treatment effect are

understood via 1-D and 2-D air sparging model tests, and a
HEWMB: EFXARPAEEST LI (41330641
design method for air sparging is established based on the KR ER: 2017 - 12 - 01
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lumped parameter. (5) Vertical barriers applied in contaminated sites. The determination methods for the key parameters in

soil-bentonite vertical barrier are proposed. The long-term performance and chemical compatibility of soil-bentonite backfill is

presented. Technical characteristics of construction technologies for vertical barriers are compared, and the construction quality

of soil mixing cutter (SMC) method is assessed. These research achievements are of important significance in the

redevelopment of contaminated sites and sustainable urban development.
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Fig. 1 Liquid limits, plastic limits and plasticity indices of Zn-,

Pb-, and Cd-contaminanted soils
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oil-contaminanted soils
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Fig. 3 Variation of clay content with metal concentration
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Fig. 6 Variation of cohesive force and frictional angle with metal

concentration
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Fig. 8 Pore-size distribution of heavy metal-contaminated soils
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Fig. 10 Multi-level hierarchical hierarchy evaluation method
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Fig. 13 Relationship between resistivity and water content of

diesel oil-contaminated soils with various oil contents
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Fig. 14 Relationship between resistivity and oil content of diesel
oil-contaminated soils with various saturations
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Fig. 16 Relationship between oil-water saturation and resistivity of

diesel oil-contaminated soils
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Fig. 17 Relationship between generalized oil-water saturation and

resistivity of diesel oil-contaminated soils

Fig. 18 Relationship between pesticide dosage and resistivity
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Fig. 21 Variation of liquid limit and plasticity index with

resistivity at New Jinling Library site
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Fig. 22 Typical results of RCPTU from organic-contaminated site
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Fig. 32 Illustration of strength characteristics of portland cement

stabilized/solidified heavy metal-contaminated soils
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Table 6 Hydraulic conductivities of portland cement

stabilized/solidified heavy metal-contaminated soils
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IVEAN 7 72 5 AR

CE IRIG AT 78R IR pH R RERR SEKVE R
b/ g R4 B s e LR Bk R . 2R
W pH SR AR I RESBIRE; Mk, 2R
i pH P& % pH6 J5 4 B B SN F R 36K
Hor, #h. BEC BB BEL B CELD A ST 1)
BHETRG R ESEEER 60%L, £ 2,
Rk, EEHEERE TCLP WKk R
PR pH B, DR el A TR0 A/ et E AR
BRI TP E AR Tl R AL T 3 A
A R IR B3R O iR, R I e IR
IR P TR T VAN B v BT R PRI P PR, 3 s i A/
AR R A E R . BT, A EY5 g lE b/
BB s 2 e b S 2R (RKEY
KRR L EEE LAY (GB 5085.3—2007) i IV
KB kRUE; NET G AL, RARUHETE
N7, 28 dRRHIRFE. . SEREMRERYR HE R
T AR RN F 26 EL A L3R 7

x 8 LA TEHENIN BT TCLP WK%
CHMS M5 22 4 3 ry . Bk b, 3 TR &
GEG YT, TKUR FR B AT RE T 2 IR R B ) I
Ko FERSAET: OmikE CindhR &> 1000 mg/L)

AN IR IR NS, @RE/ARE IS St pH 2R
Bt (pHD, XD EAMER —XKIG%. SHESRE
B L s OfREITEBUKG A, S8
W LB E ST R A v @FE
& & E KA =PRI 0 AR T AR B s @B
FEER KRG @KW= 5 EER TR T
RFE/KEBEIENAT LIH R FRE LS, i
Xof PEARGIR: H VR B A FH A BRET 124120 Wang 2602745t
KB E 4 & Cus Niv Zn. Pb A1 Cd V5K
WM DB R BRIt TR 7L, RIS
Je A E AR EAL 17 a SRV EA WU 3R Es 2 4
P, HRER /3 RE TCLP 332 H 25 135 2 Ok FH K At

5[4/ R AL R R AR AN, TR [ Ak
R A 4 S V5 G Lol HR AR 3 — IR R () i A
+ o TCLP 056 25 ik i H i 56w DLA BEVPAN UK
RHASEAER T CHMS KR X B #rE p 4k
S RN Xy A ot . £ B I VAR T 3R
EA R S5iR5 2 (ASTM) MK FR#E (CEN) [
) AR AR A T AR AR RS B T R T
TRV 210, BRR S E M, T RGP A A
5] %[]28—]29]0
4.3 FHBER/FRENMR

IR AR TR AT FE R, TR

®7 . XEREMREFERIE AT RIZRER FMHHER

Table 7 Comparison of leaching solution and application condition between methods from China and USA

[ S aRrS R

AT

BERRLE PRI STORIERRET, BOKBERRFMRER (pH2.64): ARG B, B [ % L IR A=Y i A HLA R LA i

(HJ/T 300—2007) VKESER—S AR G /KA (pH4.93)
TRIRAE IR L

(HI/T299—2007) ¥ (pH3.2); W& VOC, BUK
KPRGE

(HJ 557—2010) —HK

FEMEARAEIR A
¥(TCLP) 0.1 mol/L BSRANZE R (pH4.93)

A TE R Ak
1% (SPLP)

RS

SESJEM SVOC, BUFiEE N 2 1 1 MRIR-THIRE A BUKE R EILERHY). UK RS

BUPRITCHL A AR 5 1 2031
S KB T KRS, B b IeLS
eI R

SHERPERPE", HL0.1 mol/L BEFR (pH2.8); X ARGRILREPE, HU MRS P37 B3R o = A PO RV X

BP0 B Ak Fa etk TR FY (5%) 5
IR (95%) IR HY XU

PAZEPEPE ELACA R, PAPEHIX -, BUBEEL N 10 1.5 MR- BERRMIER T, T IEHURIE MG Yk
FRIVBE G /KB (pH5.0); DLAEMLIX 1, IR RIS pHA.2 4038 XU

VE: BRI R BRI [ e SRR T AR R A

< 8 ET TCLP iRIGpIAEER ELACRE L AR ELELBSR L (CHMS) IMEREMITFM

Table 8 Environmental safety assessment of cement stabilized/solidified heavy metal-contaminated soils using TCLP method

N LA V= YLES BE
4R RSP /‘;ﬂg‘ffg’% bk 2% 30k
R 4~15 7, 28 10%=~2x10" ¥5HIRIEE 1000 mg/kg I B H Ik E#FR (> 5mg/L) [87, 99, 130]
(2 4~18 7, 28 2x10%~2x10* V5 YUK FE ik 1.5x10* mg/kg It FIIR H V& 2 #EAR (100 mg/L)  [87, 130]
L 2~20 28 0.12~344 JKEBEHE 5% AR HIKEH 2R HRE (1 mg/L) [131-132]
] 7~20 28 37~59490 = HIKEZIARR (100 mg/L) [132]
B 7~20 28 23~253  RHWREWER (Smg/ll), HARAIEIR R 2R/ [132]
fidt 9~20 7, 28 81~1000 BHIKEHIEIR (<5 mgL), BARAEE KL 90% [133]
NGNS 5~15 7~84  3000~7000 Ty 2R HFRME (5 mg/L) [105, 134]
fifi (Y4 754 5~15 7, 28 1000 TG 2R HERME (1 mg/L) [135]

e R REFREER A CER Y S bR R HF 451D (GB 5085.3—2007).
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ME S RTEg T, KU RIE A G 2 85 2 4 B
Ko Rk, 7B RH Y E TSR 2 iR B S et
[i] 4/ A ) 5 B o I R KU T A 7R Hr A Ry I
TR WA B AR SR e [ A A X 2R 4 I
BHPERE AR o JTAESR, AR R RO I pAR [ 4k
FE A HLERFD Tk R 729 iR e e B ik ok,
S T T R A 1 A R R AR 7

(1) BERR R [ A 5

TRERRCER (BIBRBEARA . B D [ E A
JERINLEAFEA R . A 1E. DURAILIIEZ ML
s KPR KR SR TEECRM pH e MR
S8, MRAMET AR S R A I R A B ket R
TR B T e R o . ST, REFRFHIR
T UARRACTER Ky BRER AU S S AR T RN B
Y IBEIR S AL TR, &S SRR AL EE (MgO)
PIFEAREE, B T BEIREh+MeO 1R R LTI, &
TE R T T R AU+ R B IR AL TR R 1 T Tl
EhIEALF (AR KMP)

RIGLE R R, KMP AT LU R E vk 2 4
JEIE Y, A AR R AR TR R AR PR R 1)
AR e R S AMERE, KMP [E1b/F8 e 105 G
IR HIRFERF A CHMS WRIG45R1 2%0~15% (]
33)

10*

[Zn] [ (Pb]
103 [ B 4 ¥ B R E (100 mg/L)
= (GB 5085.3—2007) -
T2 T A [ . N -
PRLA R Bt BEBRAE (Smg/L)
= 1 o GB 5085.3—2007|
1001 L.
®
E 100 o o
101l o ° "
o KMPE b/
5 = KRR

Zn0.5 ZN1.0 Znl.5 Znl.5Pb1Znl.5Pb2Pb2
PIMRTS R BE

& 33 7Kk KMP E{/RENEERBISHRLE TCLP RHIXLE

LERFIEL (28 d FriF)

Fig. 33 Concentrations of Zn and Pb leached from PC-and

KMP-stabilized soils after 28 d curing

HRREAERTT, KMP [ fb/Fa e s Qe ik
RAE AR/ T CHMS R, 58 E 5L
CHMS R FE ¥t i 1~2 fiF, HAIE 6 £ (& 34),
PR AT AR R, KMP & 46/F8 € i
REY AN 21 X10°~3.6X10"7 m’s, &
CHMS AF IR 4 REEK T 1, 2 MIEG. Mok,
I SEM [HAHiM EDS 404t (RIETCER 455D
*H]: KMP [Efb/Aa g i e b 58 &Rk E RV
RN, IR T KA BERREE . PRS- R Eh L
B UOIE: SRR BN R EMER R, IX L
FEBCA W RkD s T K AR TR SRR PR B A Rt

PEIMER R, Si/Ca LB hRHEFRI 41 R Bk T 5
f5A0 1.7~5.7 1%, 256K 31 0J%0, Si/Ca bk, H
[ £/ 5 R SR R 2

2100

KMPRE /A2

g 8 8

TeA BRBL 3R BE g, /kPa
D O
8 8

g

/
;
.
.
.
%
¢
?
g

//

U

Z Y

é

nl
7% é /

ZnOPbO Zn0.5 Znl.0 Znl.5 Znl.5Pn2 Pb2
YIRS Yok BE

& 34 ¥REFRIPF 12 KRG ER TR KMP E{b/f2E
hESRBTRIEEXLL

Fig. 34 Unconfined compressive strengths of stabilized soils under

0

12 freeze-thaw cycles and standard curing condition

(2) BEHCAH VAL

A 2 T Tl R FE kL AL e 7 ik — S L B
(GGBS+MgO) AbFEHbEE 1 58 K, GGBS+MgO
I 16 B e [ A6 HAE HTBR R £8 AR T AN TR AB A
it At T AT B2 R AT SR KSR AR K 2
R T AR /AR R L E s YR T N
Wang 25 8IF0 Jin 2511905 GGBS+MgO [l A4/ 5 1k &
23 a Ja I Takis Gz b AT B 208, R B
B B A BERRHNIREE R T S E R R K AR,
TR BT K 58 AT IA 3.5 MPa LA |, 1% REN/NT
1010 myso A Ik S U0 B A TR R AR T AR T
GGBS+MgO &M pH M50} il fb/ A 2 AL s et
RKREE . AR BCR B B i R, JFEsr
THTHBE. pH 5 G2 RE A 5 B2 T 2 3.
4.4 ®ITZ

W] A /A 78 A A2 52 4% 0 T A5 B AT 20y JiR e o A
J S At Ao iRkt S A B T B NS
RABE, WIFHGREIHERN . B/ ER A1
PEL IRISERR R AT B TV o SR S5 TP B Rt R
STt T U Bl TR R A o B AE R O R AL
IREEACHEM, R R T AR HEBOR [ 1/ A2 2 A ik
Zisgt (<5m) M,

EPE T2 PR S 2R A2 Tt T B BURE i [ 4k /
R R 5l R 3 . Wang 25U SIRT Jin 26019150 531
RIE TR GI ALLU i 73 SR AR 2 SRR BRI
TIKJe 1 GGBS+MgO [ 41 /A3 € 5 % L [ T PR 97t
TSR, KI5 & 3R BRT o AT s Day 1)
X A FH et Hs T8 58 AR it T 7K Ve I A/ R A A
Sy AT BORERL N A I, R T8 73 38 ST R R 8 0 il
(V19 MR PP AT, Ul B BEE 24 B2 it [ A 35
AR (1 B
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AR R K 22N T e B R AT B BRI [ 47 i
KT RGP . BT TR S5 R B IBEREAE BB 1
ARy MIRA LS T HHEOR K S, el 7
PEFEREDOR AR HE,  CU7E [ A Mk A0 B TR A5 21
Tz A R, FEAR R b, ORI T R
TV Gtz AL /RS 8 AAE BRI B HEE N E
A E 350 ZBARANUA MPAEDE A S, R
I K P~ 2 24550 (IS g 77 ) AIe & A A Se B
HEB—A IR ST R /A € SR
WAL IRIR B  ZHR CAAE 55 fp iz 5 T
Tt ep 43 3 e oy R U,

KRR

35 MEFEHENEREREE

Fig. 35 Illustration of bi-directional mixing-injection technique

5 SHRAHMBSIEEERAR
51 BSIXRE

B0 (AS) & — P& IIMEE 15 Gt
HERMEAVY (volatile organic compounds, VOCs)
AR, 2R T AN e, 2772 —
SE R I RIENEIKIE, AR i MR R %
ML B BHETE , TS YR RO R B A
RIEH R RGTHER. B, AS R A
HERE SR R YRR R AR BB SR T
e Cg BRI A, 2009—2011 F[a)EE “HE%
B LRI R K IE FI H g SR R A E A b
B, IEET 9%,

AS IR T EEBEABCAR AL (NJIT) KA
FEY R EHEAF SO (HSMRC) $H 1A K55 R
HUT, T F R 38 I 1) AR R RN R R AR
B, G AIETE, RIS E N LR EE
F2EL MG E G R E T, DR ETERR
TG PMIRE R R . xR RO S T B 2 vk
HSEBWEL G, KW TERATHEE, JERGH
Fo 1 A b A B R HE I RN 20Z MRS K R A R,
TR M S A T REATURAF 2 1 He) A 2,
R E AR — DN R Z AL FUL AR, M AL PR AR
IR 2 B g o A BRRUE D BRI E . IR
FHRIE 15 Y . S X K NSO, Syt F

J& 7 BRI AN B T o
5.2 AS SHEEMENZENRIREMSR

W R h s s I AS Wik i T — A
RPE I, R E U AR (ROD. TEATTR
FVWAIEE A it . H AT, i€ RO % I 754 1Y
it WRAEARGLAR M . R /KIE AR H TR 7K
H 77738 4k B R 75 e SRR B AR A sk e OO i
AT 1 BORURIG I 7C , I BRIES EERR T %
TEBEN HRR RS RBE RS 1SS, W%
W25 SR T OB R I, AS R IX [ HE M —
N 15° ~56° , Hub BRI 200 T K.

(1) BRI E

EATH] T — e 4k = AR AR ke B R
24 (K 36, 37), HGHFFUERAGRE O In AR
PR IS, ORISR ER R AU
FE RRIERS . RWEAR. EIEHEE, RN TA
(R TS AN 7 2RI EE S 1T 3R F - b
SRR (SDBS) fERIIEVER, R Hr4L
Pkl o

®d=9.8 cmﬁ%ﬁ
xe=1 1 T BC e uRyEid
N 1
N 2 B IR R AR
. 1Q7(n=90 fm [ ]
i | 1] S5
S em_o3 RUE At
- T o) 44-‘ = 2
Eii%ll‘ -] a1 iy A AR AL

36 —#ERBEBANNARRREE

Fig. 36 Schematic diagram of one-dimensional model test system

37 ZHRANKN R E SN R R TEE
Fig. 37 Schematic diagram of two-dimensional model test system
(2) — el B R B
KA eI A E, TP TR 9 Pt <ik

5, QFEWMRARD L. HERRRA. R A
TR TR ORI AR R T MR 3 Bl . AR
TERI RS LA BN 3 — 80 WFeR D Mk
iﬁ[lég] .
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#*9 SDBS BHBRSEESHEEMERBRN TR
Table 9 Testing program of study on air flow model of SDBS

enhanced AS
Wi Wk RmEE o o
By J] I ~
SH H/mm y RIETEFEANTT
7&1‘\‘ N
0.5-1.0 100 mg/LSDBS ¥l i Fifs +
T & AAEME) 1000 mg/LSDBS F= L1
g VAR
4 = —
50-4.0 100 mg/LSDBS ¥l i fifs +
R & AARME) 1000 mg/LSDBS F= 4L
PRIEARD L
7&1‘\‘ N
0.5-10 100 mg/LSDBS ¥l i fifs +
o & AAEME) 1000 mg/LSDBS F= L1
— PRI L
—4 = —
SR M "N
50-4.0 100 mg/LSDBS ¥l i fifs +

& AAEME) 1000 mg/LSDBS F= 4L
WA -

a) K 5MERR

Kl 38 BT NSRS PRI SREMRR, %
PR OLT R S EY BRI MEM R, HEMHR
AW 10 Frow o HFE AR 5L b G — @
FEPE L Rom 7SR rd e, ARG IR
it B RS 0 A 0 TG K R . i
PL0.5~1.0 mm > H @RI R VG A RS, WE
B s 7 (A58 T v 86 K P 3ok P A 1 o

3071 ©00.5~1.0 mmfs -+ H B
A 0.5~1.0 mmf> +SDBS #e B RS
b+ ¥ KK SDBSER S,

E S
A 2.0~4.0 mm#> +SDBSPE ¥ B AIES
A W2.0~4.0 mmB>+HIKILSDBSEES

¥
n
o
(=
3
L
(=3
g
o
il
&

g
=
T

B HE/(L-min)
n

1.0}
0.5 e
0 P - )
10 20 30 40 50
BESE 1 /kPa

38 BBRESFUHTENSREXR
Fig. 38 Relationship between AS pressure and air flow rate under
different AS conditions
— AR E ) GEAUER D) BURTIRS
PR PTG TR K S MBI 7T, HAt R A
s

Prin = Py 8h, + 46;050 o (19)
Xt po NIRRT F1; p, NILBRRAAZ
FEs hy RS AL LR o AR —/KBAR
Fisk 71, HRKEZK—SFKMKIIN 0.072 N/m,
ifi 100 mg/LSDBS &k /K —"S 35K 778 0.036
N/m; @ /K0 PRG0N 2 (8] (Bl ff s D LB
PRI EAR, THUD LA SR R

i (19 WHEAS R R/NR R A,
FL 5 /N SIEIIMEDS B 10 B . i TS
RYGAFAEIE 0%, f/ Mg U ) A PR A L S
fii /o PRI, Kim 50T H REZ i /NESUR AR
BATIEIE, AraERon EAEd g, g
AR IBTE ) 5k
R0 FEFUHTRSENSREBXZR#ASEHSENSIE
EEER
Table 10 Comparisons of relationship between AS pressure and

flow rate and between measured and theoretical values

L 0 %1k MFRER szl e

MUK AT Fikh ¥R PKkPa PlkPa
0.5~1.0 mm b+ % .

ey 0.443P-3.526 098 8.0 7.44

0.5~1.0 mm &
SDBS R Tt Al
g
0.5~1.0 mm > +3f
N .034P-0.402  0.91 10. 74
k1, SDBS I 0.034P-0.402 0915 108 9.7

2.0~4.0 mm b+
AR 0.347P-2.759 0.992 7.8 7.20
2.0~4.0 mm b+
SDBS ¥ T i A
g

2.0~4.0 mm #> 1y
y 139P-1.247 0.961  10. ,
vtk spps i 010 7 0.96 0.5 9.0

0.152P-1.305 0.980 7.8 7.25

0.826P-7.481 0.980 7.5 7.10

M5 /SNBSS A BRASAR AT S AR RNk &R
KE, HIEEAREFE 8 2.0~4.0 mm # LRk
SR SN T 0.5~1.0 mm # L 3E<% /7, SDBS
T VRTIRLRTHEE Sk SO ) SN T AR TR RS 0 6 g
SRR A7, AL SDBS BRI SUE k.

b) AR

Kl 39 PR AR A A M AR AT B 5 i ]
KR, BRT 2.0~4.0 mm i 1A R MRS
TR AR E R R R AR e BT E
FBARGRREAEREH . WSHBAER KN EE, &
TRV 1 ) VA T AR g A ) SRR RO P e s YA AL
F MG PEF RS SABRE R, T RS R
AN B A

mmfEh 4 AR
mmiEP -+ SDBSE Wk Hify FIBE<,
mm#Bp -+ KL SDBSHR S,
mmﬁki’%‘ﬂﬂ}

mmi?h +SDBSY Y FU L IR,
mmh -l IRALSDBSER S

S5~1.
.5~1.1
5~1.

.0~4.

0
0
0
.0~4.0
0
.0~4.0

0 0.I5 110 1I.5 2.I0 2.5
'&Eﬁﬁﬁﬁ/(bmin")

39 BBRESFUTSHRIEMESREXR
Fig. 39 Relationship between air saturation and air flow rate under

different AS conditions
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c) IHIEL

MR MEES SRERCR (E40) 1]
LB, 7E0.5~1.0 mm #> LA 475 MRS, B
FIRE IR, 5 I Heas I Wb B ME I
T AR EIRAS, 1T LA T P4 70 A Y oL v R ) e DA S
FHEEIX R

26

—=—0.5~1.0 mmB> + RIS

—0—0.5~1.0 mm#> + SDBSHF W AU AR

- O - 2.0~4.0 mm> + FHEES

o O -2.0~4.0 mm#>+ SDBSTE W TR RS,
O%~e ~O-0= MO0 - - -
& ~---9-Te

a

0 0.5 1.0 1.5 2.0 2.5
Eﬁﬁil(bmin")

40 FBRESFHTEBERSREXR
Fig. 40 Relationship between number of airflow channels and air
flow rate under different AS conditions
d AR BIES
RIGKI, 7E 0.5~1.0 mm Bb TR, Sk
RN TEA NWOEER: 7E 2.0~4.0 mm #> g
I, AARRIR SIS IR, B ARE A

CABS I AL Rz 3 KM ALREIE S WA 41.

B 41 FisE SRS
Fig. 41 Two typical types of air flow
IR EEFG, AR S EABR
(RIS 25 RS — 4 IS R A — B
TEMA TR .
5.3 BRZEERRENSEIFRNERINIEHR
TR T+ e R R 9 (SDBS) s b g < % Bk
HESRUT 2B (MTBE) SRR A LIS J it B Ay
G, W R Wk 11,
(1) —4ERE S % MTBE WK EEAR{L
a) 0.5~1.0 mm >+
NTHE0.5~1.0 mm &P 1A IR S VR IR LR
THI G P4 TR R S P A 25 AR AN [ 914G MTBE R B 251
NEARHEAT AT, FERE B R B b % R
2%, X MTBE DAEREE S5 1 JEHE) (WA EEEAT A
—ALJE W 42 (a)o K BRI A3 R 2 SR SR
I ]S WL 42 (b)o W RTLLE H, DIRSEE

RIGTT IR 5 RIS TR REARFRI YA 3R T P77
WU, AR RIS 18] T A9 B 2oy v 1 R e
3 11 SDBS 32 LIRS =M MTBE i35 %
Table 11 Testing program of study on removing MTBE by SDBS
enhanced AS tests

A A ke ut AN 1R

AN _
=
0.5~1.0 o AR S 1000 mg/LSDBS 7~
oy ~ A PR HE NS
4 = =
2.0~4.0 o S AR5 E) 1000 mg/LSDBS 7
= PRGN+
7|§ —
0.5~1.0 " SARAEE) 1000 mg/LSDBS 7~
" ERILE; S DN
—4 = —
2.0~4.0 " AR S 1000 mg/LSDBS 7~
RSN
2 12, -mmn
1.0 qh“ 1.0%% x%ﬁé?@ﬂﬁk%}mg
Y ‘Y :g:ﬂ#ﬁS(ﬂﬁ{kSDBs)
jﬂ 08 ) \\ .:‘ Bk 9 (3 4LSDBS)
[ N
it -4
& 0.6 “q .
1 .\
o 04 .
o "
0.2 ~
0 5 1(; 15 20 25 0 5 10 15 20 5
RS FFI)E B/ WA e A2 A S A BHEL
(a) (b)
42 0.5~1.0 mm ¥ H & BUA¥ 52 MTBE Y3—1 K B RilA 8]

T
Fig. 42 Variation of normalized concentration of MTBE with time
in sand of 0.5~1.0 mm
b) 2.0~4.0 mm Bt
R FEREAT A — AL B S an B 43 Fros, B ]
LAE Y, LBESOTAG A R RO R, ki
RMETETERIE TN SCH R A 1 RS 1R ERACR

121 1.2 —m— BUEAL
—&— HUFE RS
10H4 105 THREA qewmsons
) W - O - IS (UKAESDBS)
b 0.8 ) Ny 08 .".' £ - U RR9 (2K ALSDBS)
£l £y
S S oef"
| | Y
T 048\
02 %A
0 5 10 15 20 25 05005 20 95
RS IFIRIE BiTatal/h MRS AR A S E SR A E] /h
(a) (b)
43 2.0~4.0 mm f £ o Z B 1 MTBE J3— 43R E RERT ]
T
>

Fig. 43 Variation of normalized concentration of MTBE with time

in sand of 2.0~4.0 mm
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UFT R o 1T AR A P2 2 AR i NI B A
ARFRES YR AR TG P R R AR SO R £ 1 R
FERUS I EBRRCR I T H R BUORE R 9 (TIE0D
(1) MTBE ¥ 5 AR i T8 FIUR S, (R B AR Ik 6
TR, DRI AT DA T PR S — B [ f5 Lk
JE ARG T H R

(2) B <2 MTBE 2R Hr

Wik S8 521 2 B8R AT DLIE S 35 R MEA LTS 44
(15 bR AN L BRI AT . 8 L EBRF NI B
TR, KRR R SR 1S G R S IR TS )
R AR, SEbRH AR FEEAT U

Ry = (Cy —C,)/ C, x100% (20)
AH, Rurse NEBRE (%), Co AWILHIKE (mg/L),
Cow AFHE—IZIRIE (mg/L).

M MTBE %% 53S0 )5 SRITFE R C R
(K 44 (a)) ATLLE Y, MTBE fER) L A () 2 B R
MUFBIRA A 0.5~1.0 mm b £, 2.0~4.0 mm b -,
0.5~1.0 mm &b+ GIy#fk SDBS) LAK 2.0~4.0 mm
Wt GEEMN SDBS). MM\ MTBE B 51
AR RESEAR R (K44 (b)) &, W
184k SDBS B IR A B & T, 2.0~4.0 mm
Wb iR AL SDBS BRSTE 5 HTELAL TAH G Ol 8
R o ARRT , TG () 5R AL URTE 2.0~4.0
mm B> A IS IR .

B —8—20-40mm

Ji - o - 0.5~1.0 mm (¥4 3K 4LSDBS)

[ - O -2.0~4.0 mm (3K 4LSDBS)
1 1 1
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BUTIRE Rt/ B S L AR A/
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[l 44 MTBE AFRZBERT B 1L
Fig. 44 Variation of removal efficiency of MTBE with time
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a) fEFL R LS H
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TIRRURL ] 47— E L. B R, AR
HIE NI VOCs 3 I 78I T A (R4 R s e
&, TR AARETE BLE 1) VOCs WE R B 72 5 Hi e

AWGIAL . BT VOCs FEK 4 B R BRI, A
AN A A X 1 H B AR i, AR A
8 R AR B A O Y — 8 IR . 5 2 F
BN TE TE R TN 22 LA 5T X IO iR A 5T X
(MTZ), T #5438 A B0 iR e AN 32 Ak
TE MR B XN EARA BIX (BMZ), A% Ak
AR AR IEE AR 5 XA .
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Fig. 45 Conceptual maps of two-zone model
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Fig. 46 Values of lumped parameters (K| ,) at each sampling point
under different AS conditions
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Fig. 47 Relationship between bentonite content and hydraulic

conductivity of soil-bentonite backfill for cutoff wall
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Fig. 48 Predicting of hydraulic conductivity of sand-bentonite and

sand-clayey soil-bentonite backfill for cutoff wall
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Fig. 49 Relationship between solid content and hydraulic

conductivity of cement-based slurry cutoff wall
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Fig. 51 Relationship between ionic strength and swell index of

bentonite exposed to inorganic salt solution
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Fig. 52 Relationship between swell index and hydraulic

conductivity of bentonite exposed to inorganic salt solution
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Fig. 53 Relationship between ionic strength and hydraulic

conductivity of soil-bentonite backfill exposed to

inorganic salt solution
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Table 14 Parameters used for analysis of heavy metal contaminant
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Table 16 Construction technology for soil-bentonite and cement-based cutoff wall
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