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Abstract: This paper is the result of the water resources and environmental geological survey engineering.

[Objective] The investigation and remediation of groundwater pollution in China has been paid more attention by the scientific
community. Understanding and mastering the methods and technologies of groundwater pollution remediation is helpful for the
scientific remediation of polluted sites. [Methods]Based on the systematic analysis of groundwater pollution remediation cases at

home and abroad, this paper summarizes the technical methods implemented on the groundwater pollution remediation site in
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China.[Results]Combining the characteristics of China's regional economic development and the results of groundwater pollution
investigation and evaluation, it is believed that the complex hydrogeological conditions are restricted, and the pollutants are affected
by the heterogeneity of groundwater velocity, flow direction and permeability coefficient, which makes the restored site appear tailing.
and rebound; pollutants are restricted by the lithology of aquifers, and the adhesion and desorption of pollutants and low—permeability
rock and soil often generate secondary pollution; Groundwater quality assessment, groundwater pollution health risk assessment, and
pollution degree assessment provide a scientific basis for the development and completion of restoration projects. [Conclusions]
Groundwater pollution remediation in China faces opportunities and challenges in the coordination of methods and technical methods.
Groundwater pollution remediation needs to rely on aquifer lithology and hydrogeological conditions.

Key words: groundwater contamination; remediation methods; remediation techniques; site; water resources and environmental
geological survey engineering

Highlights: Aquifer lithology and groundwater dynamic conditions are the keys to groundwater pollution remediation; according to
the complexity of pollutants and sites, groundwater pollution remediation is sorted by methods and technologies.
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Fig.1 Diagram of tailing(a) and rebound(b) in groundwater pollution remediation
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Fig.2 Transport and transformation path of contaminants in aquifer system (after Foster, 1987)
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Fig.3 Diagram of groundwater polluted by DNAPLs (after

Stroo et al., 2015)
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R REMRME R AL, FEME R R B T T L
T K AEAS RS Y v 217 305 78 K, A
DA EBEIE 89% ~ 95%(JK 2 F 4, 2016),

A28 T R FH AR D7) A A b e e s T 7K e
GG, WS R, ARG ) 5 4R A )
FEfi i 52 AT ik 1852 H i (Lowry et al., 1999), Gillham
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Fig.4 Schematic diagram of pump and treatment technology for
groundwater pollution
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HLNIMARNE SR HAR, B ORI B AR AN 5.

W SN S B E HT RT s B #2 A MEA HL
o5 SR MEAFAE T Ho S KA LA R FB 4048 1 2% 11 5% B
ASFNW A DL &, ana il AR R 55 5
SR 1 A% i ot R T O SR ) X T G ) Y R i
(Johnson et al., 1993; Dadrasnia et al., 2013 ; Chao et
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al., 2018), IZHEARBA i s B> by LR
ERAE TSR0, 78 20 42 80 4R AR 90 - 4RI 15
ISR . Z SR AL, 25 S EA DT
3 b S5 A T e Py R A A A T S e A8 A2 AR
(Yang et al., 2005 ; Neriah et al., 2016,2019) , W7,
FAEEIK BT, AR AR AR
A i SRR, 23 A A B0 A IS 25
S o I = 2 ASE UL X 5 i A A I R PR A T
TRABFR (KDL, 2004; K%, 2015), N B ET)
AR IEAXER, BRBE h AN
T KM FEETE 49% ~ T6% , FRE B 7 9 il —
A3 60 kPa, ok I RS, 52 M DX AR AR AR /1N
(ERUREE, 2014),

Bass et al.(2000)%f X} 3¢ [E 24~ B E A Hiulg
SRBIHEAT VIS 8T, I RS G 267
X8 5 ACRAT B RS2 M, AN R AR O 8 B R
KB 25 5, SAR IR RS et i AG 52 5 R A
B AR Y s B G 5 U

A I HAR SR B AR D —Fh, IR,
TEE A R P AT A A <A, I 5T
KA, AL IR B T K = PR
K HG Qe 5oKar 8 W G AL, % AN
AT KRG RER IR HEB B KZBE R
Rt AR EEQOIG) AR I H AL T 5K
HEAE 18 J8 B R oK s et A T 5, #e 15 Y i
B AR F 9 A Wl I, 9 P18 5 25 SR 4
MLIZELE 24 h IR, JE 77 200 kPa, 34 B R 4I6 2R H- B T

E5ES

o2

WS RY LBEG

[ "©_,g

5 MR /KGR AL B AR R B
Fig.5 Schematic diagram of air sparging technology for
groundwater pollution

SRRV B B v {34 153.14 mg/L, IR F 517 28 K
Je KR 3.94 mg/L, KBRHE 95% L I HAP AR R SR
1.0 mg/L B ZARERRE, J5 208 51 s 38
422 BA IS EFHAK

JE A AL B (In—situ thermal treatment ) 33 AR 2
W SE AR R R . BRI AR BT AR Ak 3
FEX VG Y KBRS , R W A & K 2 TS
Yoy, RBRBRZY W RG] P AR SRR
eI bR A f2 75 YL ) R R K FE AR TR
A, R IR 28 4 BRI T B, AT 4
FLHEE AR BN AL T Ak SN A A
(Hicknell et al., 2018), AbFHAT R HIPRAK 53 25 L
B ACF AL S IR L B BEA A

%R X AL B B M2 b 25 B NAPL
DNAPL ZUR 5 f-(Baker et al., 2016), USEPA Jij ] H,
B #8481 £ A B 45 Y 3 M 18 & (USEPA,
2004), X 5 HEAF(2019) %) 28 VR AE ZALA BT YT
BB R SR ST R AR N 0.3 kg/
h, TEA BRI IR N 56.8 mg/kg W S1F T, kB2
YD Th R 3.5 h 5 L BRF83A 98.0% , H 1 88.4% 11
AR K B, 9.6% M ER R ZE R BERT AT
LAY 2.0% I ERFR B AR Z LA B K T 3R
I FH 2R A6 F XA i 2 Y b s 5 (W1 5,
2018), M7 556 K BB s R Ak 2= S s B = ft v
TR TN 2 ~ 4 m, BRI TS YL 2100k
10 m, HARSG TR R AL S5 T5 e ) R BRVE R K3 ~ 5
m, KFRFA R E 40% ~ 50%.
423 THER MIEELHK

T35 [ W 5% (Permeable reactive barrier, PRB)
FOARIE Y HTBCA AT AR (USEPA, 1998), i &
(0“5 AT DA B FME 5 5k T LA ) iz, OF
A RAEL TS Y28 RA T, H R T 2o —
ANSEFEA TG RS A AT 15 KBS AR, 245275 YL ) 1
FIKAE B SRR IR BE VR T T i PEAA B AR
BRENAYLY) AR RS RY SIEEM R R
AT TICTE AR RN G e ik By TR B
REWE I H I, W3 R VRS A FI5 Y X 3l
HAGYP, TS eI R, B TR RS 2
[ B ik R AR K 6.

i UL PRB 544 (161 7) Rkl 45#4 (Continuous
Reactive Wall) FIB# 7K I 3} — 57K 7] 04544 (Funnel -
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and—Gate) (1%, 2012; Faisal et al., 2018), 4
TFOKARTE YRR B AN, — R R S A, R
FEHL R 7K B0 DX 35k PN 2 R S I PR PR D 5 X b
TR YRR TS Y KA, — R FH B K
Sk IR . DL PRRR A R 3 HOE Tk
PR ) S L, TR T K S B ER 1) 7 L 3 ]
K FHVE 7 4k #RAHT 2 PRB(Compounds et al., 2000; K
WUEISE, 2019), AS[R] PRB 45 H4 255 S A e ok 508
SRAEWER 1o IEVER VA EMIFE N R 5 PR 21
AR B FVRIRCE A R L HA U ik |
TEPERF A SERHIE

O'Hannesin and Gillham(1998)7F Il & K 22 K W&
B BRI, F 22% B RCIRERFN 78% D IR & 7B
AT 5 35 (6 B BT 268 mg/L = & 245 il 58
mg/L WU LR 15 9 P AR s A2 I 25 R 5B T
90%[1) =5 L FN 86% I DU L4

BN (201 8) X Aft 18 B AILBRAMF 9 6 3, 4 e
BRAT XA ) 2 BRACR B 4, 1L FH T T 95l X
PRB 5 YL e b . v [ o R (A6 50) B 7R L
PH  BE1ESE A 2 40 PRB AY/RVE TR, PRB EE 1T
DR, 38 2ok kA 838 O 8k, AT A SR A 52
Z A (NH, —N) V5 4L ) b T 7K (Hou et al., 2014; Li et
al., 2014), EFXFEP Cr(VI) 7543055 5, A BT
NI Z - ik s B T2 1K ) R4 A
T IEREFEVL R ML SRR A ] iE M
IR S KIS 5 5 e S b, e A% BHLLE R AR 2
B OKY L (FB AT AR, 2020),

(=l

Kl6 M T /KiGY A B B RN HA R Kl (USEPA,
1998)
Fig.6 Schematic diagram of permeable reaction barrier
technology for groundwater pollution(USEPA, 1998)

424 RALENG A FHAR

AL MBS AR R R IR 22 5 kAT IR AL
Al R JEEUEYME S B R Ty vk I B R AT SR
20T AR A S i e A L MBS TR

FAFEAE(2018) X0 T LU b A B DX A b e
FLBE ) AR = ZE R M R K Cr(VDT5 Je gt sy 1)
PEANEE RS, & 1A EAIER 44 W
WD H 5 7 A H 2 ) AR IR 3 m, W HE 531 158 i A
FEAIIAREEVEA 4 D60, 2 WAL FE AT
()L, 2 AN U, il 300 LIREEH 5 mg/L
AR ZM 2570, 5 25500 B 0L 38 4 Je R A 7 v
24, ffi ] Geoprobe fiHLR F N 2 1 19 77 20K 24555)
VEVE RN 257 P A A S O LR A3

P& 7K 35 K
% ok w2k
& & 5
—> (i
— ok
—

K7 PRBZ5H75 BIK (a, 122450 PRB b, FRZK R 21130 PRB)(USEPA, 1998)
Fig.7 Structure Diagram of PRB (a, Continuous wall PRB; b,Funnel and gate PRB) (USEPA, 1998)
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&1 T PRBEEB B ER R 5 (A BRI, 2019)
Table 1 Advantages, disadvantages and usage conditions of different PRB structure types (Song et al., 2019)

PRB 4 {2 A T A
bt SRR, DO T, X RIS IR BRI 2 E IE M T R KRR i G
o RIRHTF K A I, 2R PR 37

XTI R IRBOR VB K ZE X R T oK P AR & A T AR 5 G
B Sk T QXN B K2R X RORI N K PR BOR & T AR » 15 G P

R XI5, AT AR W4 T4 BRI
B BORIAE LB 4, SEURL 2 38 T3 K BEER , K
WETE DT e AL
HEVE b3 20 ) AT BRL L RAIG - R

TARPHATIRAAE R , 2 S B0E I SR
7K 45 BRAL S HHA T I W 2 B S R R oS A B
IR E] 99%,

i BLAE(2019)X ) AR EL ST M52 LT B R
20 R B A T KT G, AL R Sk S8 Ak 7
AR B WA Rk IR 2 R A AN B
JE TR V5 % i 25 8] S B ik i, b SR s R &2
A= A5 RN . SIS R RS Y
HOR B G BRI 3 km (1 TR R OK S, B85
T oy =2 55— JeAe AN B AR I HEE R AL AT
JE 17 T B S K e 1 7K e V5 Y IR B A ) BEL
B I PN 5 5 K v e K o FH 250t v AR Ak
HEFT AL B 5 = FE b N K e A AR
FEAS T G 0975 e W 2 P 3l s in 5 484k 24 791 Jse
N, IR E] L BRAR TS U B . SR E R AL
&5, i COD ¥k & ik 3 2 ~ 340 mg/L, & H % i
137 ~ 410 pg/LF# A 13 ~ 262 pg/L.

T 455 (201 8) %F 3 L 3 FL B 37 Cr(VI 175 7K V5 %
G, AT IR AR R ARG, FE T AW
FRALHE 25— 7E S T L 5T e i R K, 453
15 YR YK 58 = R R B T5 K R g 7S
P s 5 = BiR BRUS A9 T5 7K R TS e 3 LUK VE
15 YA BE, M N ARG PR R R Ak 2L i B 40
BUAGIR, DAREACHL T K oS8 i3 . Zad il
WFIMREAE R, 5347.5 m’ 3215 YL L T /K 7S % vk
FEH 37.2 mg/L % 0.05 mg/L LT

5 gEisFnE

51 it

e [ A2y SR I 1 B e i 2 R JEAR T R T R
WHIRIE AT, 3 20 4F , 76 X b T 7K 75 L i A 1
P A B K YG GBS AT T ARZ R . SN
FKIAELLT =71

(1) 48 M T 7K 75 GeRRAE J2& By IR FE &= G 5L

fille VYW AEKIZ TG, 550 1 2 W R i i
YERD, 15 YRR BE A2 0 KA T 43 A K Bl ) S 5%
e, — 26y Yy ZARB B R A A W B, PE K AR
IR RBE Y . T R ANK SCHB A A 75
e RS P 5 YRR BE VRN X TG Y b Bl v FE
B bERE L,

() F/KIS MBS Tk . T80 TR BRI T K
Y T AR R AT Tk
FE SR o W By Rl i K 3l 1 g T
PeWiate W 0P HORE B 5 A2 RO 55
YA T A A BCE IR IR A 2= 25501, o3 fif s e ik
BNEAR B 15 Y 7 R R AR AEAE R 5T B
FEVA I RE @ A SR P TS G R fi
TG EE B EE ) o 1) — B 52 51 5 F AR S R H
1 RAR T RE A i A A V5 Y it

)M AKIGRERFR . el —x FBah
LR KI5 B R R B TR E 53R 5
PR EE : O AR . RN KRS
G R T ) N AR SR 7 NI o TR
o A - EEOR  Zuh iR RS R
TG T Y B v 3 LR JHLEETR 1) 3 b 5 i
B AR R ALBE R, 5 W 5 B G 4
i, QA #HNABRIBER A Rk
PEE R (1B E SN R B S BN AL A
BHOR o XEEHR— KRE s 2 AT R T Je
BN E TS, A SR A, ATE A 3
K, A2 5 YL 3 R PR, e SORE 0 5o
TR IR R A A E SIS S ROR
5.2 Ei¥

(1) 35 3 b 27 — PRI 2 5 5 R Tk vy 48 52 B Ao
TR SCHB BT 25 A% 15 JeAB 52 Il 29 R BRAE < b T 7K i
] KR A NG I8 RS X Y s % e
I3 i % B 3 B AR AR, A 2875 Qe )ik A
MR AT ARAE B B M 25 XY B )2, s &2 7 xf
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PEAMBE X, AR BB AR B4 i b i
TEAS M JZ H ILZETR , K 52 0 6 A8 525 sl e I
TKIRBIEAR BT I, PEATH T K T5 GBS R BA
{102 ] I B 3 2 B 22 R, JF S 4 /K S0l
BRI TT 1%, REAE X 3t 5 R K ST ot 2% F
T

(2) 7€ 15 3y MK SCH Tl A 400 . R oK
15318 5 75 S8 Wil s 152 it 85 LA 400 7K SO BT
A TR G R K AMEHERFIE R SCH 5 2
KOASRE ] DX I A 45 R 5 15 Qe AR A 2RI
(9 Talk ) DX, HERUOR B IR, 15 4e W vl REAE 5224k
T, ARME S A2 3R 7K 75 QAR DL, 45 16 52 50 o it g 1%
N5 Qe ot ok — g WME . xF T HRHE = iS5 43
JEEAT 7 SCHIL TR AR B ¢, R G i B AR A ], LA
5 RIS RIB I
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