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Abstract: Groundwater circulating well technology (GCW) is an in-situ remediation technology that repairs

groundwater by creating a three-dimensional circulation for groundwater. This paper describes the development of the

technology at home and abroad. It introduces the characteristics, advantages and applicable conditions of UVB,

NOVOCs™ and DDC as well as their field applications. In view of the problems with groundwater circulation well

technology such as limited repair range, long repair time, strict site requirements, unbalanced pumping and injection, it

is proposed to improve the technology in terms of large-scale hydraulic control, in-situ biological repair, multi-phase

synchronized repair, and integrated intelligent equipment, etc.
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Fig.1 Schematic diagram of UVB operation
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Fig.2 Schematic diagram of GCW-BS operation
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Fig.3 Schematic diagram of NOVOCs™ operation
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Fig.4 Schematic diagram of DDC operation
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Fig.5 Schematic diagram of double GCW operation
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three screen section pipe

2.2 ENPERFIEEEARBR
Fel AL B0 18 2 A 1 F 50 S 20 e, A S 4

FEMSL PR TREN R A B R Z  TEIE W 1.

3 HTRKBEHRHBEEHRRIH
3.1 GCW Ryt

H AT E e 2 148 /2 4 it 20042478, &
K SAEAE AT A A B SR AR 40% A2 A, T i
SRR L GCW S 36 3 b R /K 75 Yt ) B3R Ay —
AR A A 5 AR, GCW AR B 19 4 o5 AT L #E 30 itk
AR E R

(D EWFEAMEEHREEBEAYIE, HE"
MG LM GCW X5 Y W vk B = 1) 37 oo A7 Bl 2
i 388 % e v T 3k 98 9461, T HL A W] LA [) s Xt 5 K 2
AL s e T8 2 B E 8 FEm. GCW
AT RN S 4 EOK B A R s g i HAN S
FEA R 1) K R TS e L

(2) H wi FE AR K R A8 2B R DLl
F L7 GCW AN T5 ZHE 5 G b T 7K S 2 Hh 38, 4 EE
TR A B B AR T B S R R RS L IR T
i b A A 1 b 2 25 0 RN A AR, HOR 2 0 b R

x1 EANBEEXARNETENMRETERLR
Table 1 Major institutions engaged in GCW research in China

LEES i AR STk

INPEREARAL ) g 2 . GCW 4 (1) —Ft I T R 15 4 i Tk S 4215
Qe LRI (L A5
201811615477.5)"";

(2)—F G (L F5 . 201811615475)

F5 MUK i TR SR

1 HXHEEE
A AT YR T B R 3 b 1
PR\ CRUNER

2 R (1) H R 7K 75 B iy 42 ) Fn s &2 (1=

F T3 H )
(2) 3 KA TS Yo 3 F AR Al A1
CEZN(EERLRB )

3 R (DR KBREEAR S

AR (2)ANIE G hEREEAR S K&
7l

4 EIKFRIK
FL Bk 2 B L8 2B E g OR R AT

E WAz T H )
(2) 9] 3 A SR A8 52 1) A 5K I 4
e OC R KR TEG-
GCW B & i A

RH SR

BT

R 7l

l

(D) gRAb X b T K75 Yo i K AR ALER 8 51 IR R (% R4S 201210484260.1)™

CH R 7K 35 Ge 19
-5 52 ) (B27 il
#,2015)%"

E4 R Y+ S5 K — 1R iE 2 5 ik
(& H*:201310278001.8)1

(1)CHL R 7K T A )
(GB/T 14848—
2017)1,

UKHLIF TR A5
HEY(GB/T 50625—
2010)1

EF 3T MR KA HLTS e R IR B R &R
4 (4 F1]45:201910713873.X )




124 AR TR

202149 H

YT R B . GCW AN 20k i 55 0 i 77
Wit , T 2 8] /0, i L AT DAAE BRAT B S Y A
MO TR, M GCW 38 17 AL 3 s AR 511K

(3)GCW by Ho Al Jsi o 18 52 Be R $2 4l T b % T
BATIZS ], 5 1 AL R A8 52 R A 45 A i L
A6 PRI 0] AR Ay 1] 75 % 55 7K J2 b A 2% i 24 55) 1Y)
A 51 40 2 A R Ak SR A 2 0 DL R B s
TP, SR ARG IR IE A8 2 AR .

(D) LA AR R AE AN RE 5 ER
3.2 GCW By Jmy R

H AT GCW HARTE IR A 24~ TR, 3R
AN 2 T 3 [ T i s 301 4 R B 9% EG A W, 3 R A
WA S A E 0 — 2B A 50, I By GCW Jf:
ANBEAR Ly 1 78 2 [ P9 3R

(1) M H AR5 Y P R 15 00T A —
1M N2 2 2 M A7 TR 2 3E T AR GCW
AFEENGE T B NG O, w5 2 HAb 2 A8 2
FEARANGE A A T LABUS He A b 08 B AIUR

(2) HHT GCW HLJF 1 5% Wi 3 [N 20~45 m,
TG 1 52 IR L K R g

(3)GCW X 37 Hl 7K SC Hl 5t 5% A 225K 5, 4% ) =
PR 5 Y b 248 5 RO N G i HL > 3 b A AR R K
2 EOKZ R BN R 5 A8 B AR T RE R B
I A IZAT o GCW FLARX 75 Qe Yy 7 30 T K iy
WRAF I A T2k, ZAH R 18 e, S A7 7E H R A
B % B AT bR BN T AR .

(4) H i N 3R KB 5 8 il SR T
TEIR IS H AR M B g AL T K

(5) 3538 - 78 19 4 1 A SF A 3 AR IR I N B Y
R KA RE & A FK)E .

(6) 6 28 H-428 47 B 2 fi HF K v CO, Y 35 1 ik
R EpHE T, M I KRR BE VB T
P i i, 23 PR A B UG B FE R KA s A A B
AT Y R K Y — 2 R R 5 ) T K
SN A5 B0 08 Ok AR R R T B K L A T g i
FEYEIKAE MG I BT

(7) BRI GCW £ AR i & A 1R 4f b i e 5 348 5
AR I P [ 0] A8

(8) H mir i1 T [ N 4 Ak T 1 5% B B, il 22 i 4% Ab
F a5 B, K ™ 5 MR T 2R AR 1 R R
W H o

3.3 M HHLAR 8 A5 Besg i R R

T GCW H A BT A S5 A& &2 AR %
Yy 4 0 45 A R AE w , JF N e FH SR 1B & i A 2 T Y
15 YL Bk B GOW R I 75 2 5% 3 1k 47 3
20 B 2%, KR 1 b 2 R TS Y 4 S R e B Y
PG H A T Hl b5 Je A B R 4 DA SR A
KBTS H, VLR 8 e 0 L BRACRE AR A & 5 1 .
3.3.1 LM A 52

F25H T AR S 5% GCW 138 A .

k2 AEHMEEGCWHIERMEEMNMY
Table 2 Site suitability evaluation for the GCW method

b % 1k X A GCW il Fi %

ER A LY RAf

R KIS YRR R R ALY RAr
HER A

PR 0~1.5 i H
@i'rh J—?E/m 1.5-300 EP’%‘-A‘E
0~1.5 N3 H

MK JZ 5B /m 1.5~34.5 rh &
>34.5 ANiE

FLBR AN B Sk

MK Z A ZABRA o AIE
HEA T CHKE) ANidi

<20.0003 R4

R KE/(m-d”) 0.00003~0.3 rh &
>0.3 ANiE H
m$@§§ﬁdeom%ﬂ3 A
>0.3 R4

3~10 Hh 2

HFRFEE/K) =10 A3 ]

3.3.2 B E WM H
Wi UL 25 1 K5 Y W B A AR RO I 25
KB IT BB BRI A
3.3.3  GCW W JE /K A& Z [H] (1) FE 2 F 5 I [|] #E
TSI bR R KA B S PR IR X B, P
bR KA P00 R B, 4R A . M A B
[ ) B A, 0 B B 0 B0 IX 3 4 R AR T, TR
S ZN A MR K I B, X 6 T T R OB 1
= R
3.3.4 BTSN



5548 555 9 )

ZTTE A R ORI B BOR K& R BUIR SR ik 125

fil S AR /I 75 Qe W oK B IR 1 B, PR OCRE
TOKPERRIEA T RE b P R, MR
FEAE AT A o R I R B E — A Al B Al 4R
AR AE—ZE W FE DA g T AR v R KA
PR A o B, i A K NS L S A B A L 087 S W
i IS AR MR KR e R B s U R
I — B (ELG , A FEE B IS MR KA B A A
R T RE R AOIR

4 BRHABEBRRFARTE

Wit 5 [ 00 R K T i BRI AL AL, O T
T T 0 M T KB A2 TR H 4 4 v i HOR ZER AN
7R SF A 1 8 WSO T, GO W R 20 2 K T 1
AR A A W R e A A AT N B B
BTG B JE T N 2L — R A S A R RE AL
85— RN EOR NI & LR JL I T A0 58 A% o

(1) T AW 47 416 201 & g it 19 818 Al 2
e A R T BN AR B8 S LT i — 2 Y
W5, L35 A AL A2 =K P AR 18] 64 12 5t A L 7
SEATICRY L 00 O B /A e A AL L KR B T A B
HAETKZh TR e . @ IR AR & G
K =AY O AE PR B R DX LA
Lo Z2 006 BRI B A Al T b T KA B 19 3 3 1 L

(2) %X GCW B S 2 A2 /0N %k 37 4 B2 5K vy 1 e
B, TG T 26 28 1 47 B Y 5 A 3 KK 3l
TV DX, it DR A G A B il AN P Y TR 4
e S KIZE R R AR R B RECR . TR
HEAE PR I8 I BRI 5 00 [R) I, B T Y

(3)WF A BEASIF [A] AT 45 Ty 2/ PR RE R AP pTis e
TS JE5 oty B AR RS 1) B A R RS 0 57 B K BR
PRI BRI PN B T0 B R A% , 52 B R0 RS 81 5 B s BIF &
5i A DS B2 W N ik 1) A BEGR L Z RE TR TR
R UL 70 T B A B L AR S A S ) 4R e T A
W R O RO B AT LTS Qe Y AR 5B

(4) Bt XF GCW Ab BH 55 1 by AH R AR R S 2%
AR i B ()L, 5 ZEAIE 58T 0 88 22 4y Z2 AR TS e )
MM BB, K M R B . BN
Qe oy LRI % S 05 e ) AT TR A= Wy Bk it A1
B F0AS AT A= Wy e figt A DL 2 26 B 52 0F N A2 W 0
M B A | AR A ) P 38 50 B0 2 45, e A mT A= )
W& fift AT AL e A D8 T 2 0y I e AT B 5 B0 7 v Y
F oA A= 0 5 R A L LA S8R R KA HL Y

LB o W AR BE W or s B AL /i T 55
IO g | A ) 49 5 S L 45 BT T A BR s ) B — 1
AL

(5P ARBE R AR TRRG  7EHH]
GCW HAR M Al B AR AT A BE M B R T 2
FEr 5 ZC B R K T8 B | A W I i R S
AU Rl JE 5, R Oh RN B2 RS B , iX LE 2
(] (4 Z BRI A AE BB . A IR g — A
JL L Z RGBSR R G VR BRI R G5 B B
Mo T AR SR [ 50 30 48 S — R i A, S B
AT B A O A e AL RE L b LT
A BREURUIE N LRI Sl , 7T i 220 s AR PR T R 4 T
PEARZS L i H ] LA S B PR SESR ) R 375

(6) it —EATZ al {7 IRl T T Z it
il A — B B IFAE 575 G 57 Mo RV bn e, Ui
PRI BARAE S BR TAR b it R L PR 98

5 RE

R AR B L E AR W == EA A
il P2 S HOAR G5 G R AE S b, Al A RE S R KA
HF HA LB EHARF R Z LA KRR GCW
AT RE RN MR KA S A BT O ) R KA R
B ZHARTE SN 23R4 T ) Z BT, {H 2 i
T3 R oK 75 G+ oy S 0% I Ah G SCR 2
I ASRE B AN T e B 3 T KBS, B LB By B
VAU SR AEAE PRI S b R A RIS, T K 8
TIGFRIEBL IR ALK Bl P8 P L = AR AL [R]85
J7 I, BF e ) — Rl e a5 R P Ml B, K S
I A T S RO R R R ST
K5 YW i e R AL

5 2% 3Lk (References) :

(1] #fh KRR T I, 45 35 Yot FAREEHRESE[T]. B
Bl 5489 ,2014,39(5) : 104-106.

YANG Wei, SONG Zhenyu, YUAN Shanshan, et al. Review
of contaminated groundwater remediation technologies[J]. Envi-
ronmental Science and Management, 2014,39(5) :104-106.

[2] Cirpkao A, Kitanidis P K. Travel-time based model of bioretme-
diation using circulation wells [J]. Groundwater, 2001, 39(3) :
422-432.

[3] ®ifT, BIEH B . R KOG SR H AR MR [ C]//2018 o 5] 5
BiRb A R E R AR 2 U (O = 48) 2018,

MIAO Zhu, LV Zhengyong, WEI Li. Overview of groundwater

circulation well technology [C]//Proceedings of Science and



126

R TR

202149 H

(4]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

(13]

[14]

[16]

(17]

Technology Annual Meeting of Chinese Society of Environmen-
tal Sciences in 2018 (Volume 3). 2018.
Bernhardt, B., et al. Bioremediation welland method for biore-
mediation treatment of contaminated water: United States Pat-
ent, 5910245 A[P]. 1999-06-08.
Stamm J. Vertical circulation flows for vadose and groundwater
zone in situ (bio-) remediation[J]. Bioremediation, 1995,3(2) :
483-494.
US. Army Corps of Engineers Hazardous, Toxic, Radioactive
Waste Center of Expertise. Cost and performance report of the
bofors nobel superfund site[ R ]. 1998.
VTS RN 4 MG IF SR WOBE B AR S A8 S A L3S e
HUFOK[T]. 3l A BR B PR3, 2016, 26(2) : 10-13.
LIU Xuesong, LI Jingjie, CAI Xuemei. In situ remediation of
organic contaminated groundwater by in-situ gas stripping tech-
nology[ J]. Environmental Protection of Oil & Gas Fields, 2016,
26(2):10-13.
Spargo B J. In situ bioremediation and efficacy monitoring: Re-
port of naval research laboratory[ R ]. Washington, 1996.
Fayaz S.lLakhwala, James G.Mueller, Richard J. Desrosiers.
Demonstration of a microbiologically enhanced vertical ground
water circulation well technology at asuperfund site[J]. Ground-
water Monitoring & Remediation, 1998,18(2):97-106.
Gvirtzman H, Gorelick S M. The concept of in-situ vapor strip-
ping for removing VOCs from groundwater [J]. Transport in
Porous Media: 992,8(1):71-92.
Gilmore T J, Spane F.A., White M.D, et al. The effect of
geologic heterogeneities on the installa-tion and operation of the
pilot in-well vapor stripping system at an air force base in califor-
nia [C]//28th Annual Meeting of the Geological Society of
America. Denver, Colorado, 1996.
Foreword I. Field applications of in situ remediation technolo-
gies: ground-water circulation wells[J]. United States Environ-
mental Protection Agency, 1998.
Elmore A C, Gallagher R , Drake K D. Using wind to power a
groundwater circulation wells preliminary results[J]. Remedia-
tion Journal, 2004 ,14(4) :49-65.
Sutton P. Solar powered in-well vapor stripping: a design, ana-
lytical model, and pilot study for groundwater remediation[J].
Journal of Contaminant Hydrology, 2014,171:32-41.
XI5 % .3 ¥ S % £ 1 Pseudomonas migulae AN-1 1) 448
S A B A AR BRI 18 S G 1R ¥ e s R OKRATSE (DL K AR
AR, 2015.
LIU Yongbo. Cold-adapted aniline degrading bacterium pseudo-
monas migulae AN-1: Aerobic denitrification and application
for remediation of nitrate contaminated groundwater by
bio-circulation well[ D ]. Changchun: Jilin University, 2015.
Mark N.Goltz, Rahul K. Gandhi, Steven M. Gorelick, et al.
Field evalution of in situsource reduction of trichloroethylene in
groundwater using bioenhanced in-well vaporstripping[J]. Envi-
ronmental Science & Technology, 2005,39(22):8963-8970.
J. Stamm, T. I. Eldho, M. Scholz. Flow simulation of a sys-

tem of groundwater circulation well and pumping well for

(18]

(19]

[20]

[21]

(22]

(23]

[24]

(25]

[26]

[27]

(28]

NAPL site remediation [J]. Transactions on Ecology and the
Environment, 1998,17.

KA T DR R B AE S R KA BRI R 1A R [ B
T 3% [EB/OL]. [2018-06-22]. http://www. water8848. com/
news/201806/22/113099.html.

ZHANG Wei. Botian Environmental Remediation successfully
introduced groundwater circulation well technology to the Chi-
nese mainland market [EB/OL]. [2018-06-22]. http://www.
water8848.com/news/201806/22/113099.html.

TR PR A P R A A IR A R —Fp ] T 52 05 Y b T oK B
WL TS Y LI AR I : 2018116154775 P1.2019-04-19.
Botian Environmental Group Co., Ltd. A circulating well used
to repair contaminated groundwater and the contaminated soil in
its flow path: 201811615477.5[ P].2019-04-19.

TR R MO AT B 7] — R R ER T : 201811615475 P .
2019-04-19.

Botian Environment Group Co., Ltd. A circulating well:
201811615475[ PJ. 2019-04-19.

X N K TS e g b i A S8 S (ML LA B2 R
#1,2015.

ZHANG Yongsheng. Control and Remediation of Groundwater
Contaminated Site[ M ]. Beijing: Science Press, 2015.

Wt EHEEIBRELES KT
201310278001.8[ P].2014-04-22.

CAO Xinde. Integrated remediation method for heavy metal
contaminated soil and groundwater: 201310278001.8 [P].
2014-04-22.

R Ok A K L B 2 WF 5T BE L OBR O R - 201210484260.1
[P].2013-03-20.

China Institute of Water Resources and Hydropower Research.
Radial well technology: 201210484260.1[ P]. 2013-03-20.
GB/T 148482017, 3 F /K et AR fE[ S 1.

GB/T 14848—2017, Groundwater quality standard[ S].

GB/T 50625— 2010, HLIF TR H AR FRIELS].

GB/T 50625 — 2010, Technical standard for mechanized well
engineering[ S].

RL SR EE TR AT IR AT B R KA BL TS Y 1 A
WIHE Z25::201910713873.X[PJ.2019-11-22.

Zhongke Dingshi Environmental Engineering Co., Ltd. Circula-
tion well remediation system for groundwater organic pollut-
ants: 201910713873.X[P]. 2019-11-22.

B.Herrling, J.Stamm. Hydraulic circulation system for in situ
remediation of strippable contaminants and in situ bioreclama-
tion (UVB method) [C]//Proceedings Rostov-on-Don, Rus-
sia, 1993.

R SR AR T KA BT X AT BT e 3 0 1 8 5
[D]. bl RAEKRY:, 2017,

SUN Ranran. Rremediation of organic contaminated sites by
electrokinetic-enhanced ~ groundwater circulation well [D].
Shanghai: Dong Hua University, 2017.

(it F=7)



