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Review of the defect detecting method of geomembrane for the seepage control
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Abstract; During the different stages of anti-seepage engineering using geomembrane, the defect is almost
inevitable. According to many related literatures at home and abroad, the paper introduced some detecting methods
of geomembrane defect including the examining and monitoring. In particular, the advantages and disadvantages of
various detecting methods and their application scope were analyzed and evaluated in detail. After summarizing the
applicability of various detecting methods, the paper lists the various repair technologies of geomembrane defects
during the different stages of anti-seepage engineering. The study indicates that, compared with other detecting
methods, the electrical method has strong applicability, high accuracy, and easy operation, which will attract more
attention and development in the future. The combination of the electrical detecting method and the relevant defect
repairing will be helpful for the forming of an effective prevention system of the geomembrane defect and the

integrity improvement of geomembrane impervious system.

Key words: impermeable material; geomembrane; defect detection; quality examination; leakage monitoring;

review

b TR RN D B AR, IR BB ORI L RE ) 3 S MR i AR A S A, B
LT3Ry AL K SR I I O A B TR T, R TR R — A
0.5 ~2 mm, RUMAE 4 TR A7 bl T L T AR a7 e S5 48 AN BRI 1) B i bl AS [R) A B AR e 4, T2 Bl 25 AL ke
B, Nosko 555N RS 16 A5 300 247K 2y 325 T3 m® - T 9 ST i K 8 1 B0l AT 4347
S A TR 249 RIS R AR TR B, 73 % WIRIAD & AR e 58 b R4 2 B BB B, 3 % AR At s R 7E

EETIE : 1LI5A HARREEES (BK20141418) 5 [E 5 A ARRH k42 (51679073 ) s TLIR R AL AL S RHd i TR BE B0 H (YS11001 )

EEEIT: 248 (1977—) 55 BB - RS K LB R 586 R L AW ENSE . E-mail: hhuewj@ 163. com

SIRAARST: F R4 BRI, FIitim. B - RGN 7 3R P [ T ] iR 2254 ( A AR BHFAR) ,2018,46 (1) :43-51. DOI:10. 3876/
j. issn. 1000-1980.2018. 01. 007.



44 WK E el (AR RS R ) 55 46 &

AT RIS AR B, TR — BN BB G, TS 1T R SR AL e P Bl . X TR = |, &
VBT VB K5 e 3 R KR 5 TR B K AR B IR R T 3 UK ARG A (g K | SR A T
) KB T RE S 55 BUFURHI S B AR M, I A S TR 28 4 (CAnSRE B | I | 1A 3045 T ) 1 Itk
TR AT REML R DR TR R R e B B T 8 e b TR AR R A SR AR AE S, RTR U P it
LA 25 B Bt TS T ST R s B 00 B A b

SE T D 15 R B P AR S SCRR Y RE A, o T RS IR B 400 4 35 SCHEA T 90 Ji R L™ S O = T
Jo A DN R o 95 T M0 e SR b TR B R B PR RIS 0 b TS SCBR BRI 7 YA R B TR
Tt T I REFTINBEA T r 2E ik . AR HERE b PEAR A 20 2% I SUTAS [) i B b TR B 4000 F) — 26 T D5 3%, I
PEAT AR BT, o AR v DR AT D PR ity PR T (8 (o2 VR S5 00 A, 16 T R TR 2
PR T3 KB AT 25 BB DR T A X A 35 14 25 5 % 0 000 Bk i R A R4 7 1 400 DR T A1)
e LA IR ik IR0 — L8+ TSR B AR, Ut T A2 47 B B b+ TR 2% e 4

1 HMETHIL TRRERBEIRM

KL Darilek %515l Line %) (84 5631, 400 T390, I Hore + TRREAO BT % I8 45 (G4 e, 17D A
B DR R R RSB B, b TSRO BBk, 507 4 BB Nosko %6178t i 101+ T A
H 7 R AR S PHE T 370 2% 40 2 LK 347 5 38 5 T B Bl 28 L bR P 2% 2
WLPR R B TR, DRI, 7 TR TSGR S 1349 19— A0, L85 e TR T S i
LA B A 100 (RO ) R, A TS R GERY e B, MR TR B Bt
1.1 T THEMHZMEENE

15+ TR S R B2 B, - T 07 e B P4, — ST RAR X Tt T AR AR
it B , 73— ST ARIE 2 K - TR AT 3 DR 472 P4 R B S 22 1 46 e 5 7
Wi TR A IR RS /I A A L SP H4 2 57, 0 9 26 o T I 4 ER (A ) Jy ok o A7 O
AF

TR BRI e B SR A BB R P D2 T S M S K 35 1 3 B 4 DA, o
BUBAR DR SRR I TEARA AL 2 SR B RSN X BB 1719 28 4b 20 J7 m® - TSI IR
ORI, 2RI 17 m® 2545 26 NRAKAL, L 699% BUAERRARAL " . DRt , + TBAAE BrEA
AAZFTHEA TAR B R R . 3 PRIy 5 G B A AR SR U SIS TR R 4 B
SR T EAR S AT FIDPA R FBOR R RO PR Iy 2 s BRI S 99 D180 () it
RARELK 4 TR REHEA THR B, KM 5T G0 A SR T A RS B 05 A5 A6 £ 2
AT B2 SO A , BT AR SRS A PF £ TR IR RE ) TR SRR, k)L
b TSR BRI (Hi0) i AR BT - TSR B SEA T4 G, LRG0 E R 1 A I 1 3D 1R
E S AN 25 3 PR B MBI 1R

T BEBR A 5L D2t BT iR 45 S A1 B SEBR bo S2 is TAILB BT
AL TSUR PRI e 1, A 5 K IR T B 7 2 e F AR 2 RS e/ L3 A WL BB s 1 s (
5 5 BRI I LA 24 459, D47 P A SO0 T S35 AT i B P e S K e 84
BEDK A 5 (07 2 2 AT BITE - TISE, S R — B 4 LSRN i, B 05 i K AT KA R R L
B L () FLICHE M b PR — S ot e BB T, 53— e ARG R 8 R0 i 22
S, L 56 FELAL T A 0 P A PRS2 755 2555 SR IS T A7 . Youngblood 452 1]
S TR K TS S BRI 5 P K A3 4 8 TS PR AT B R
BE. () AR PR PR E — U PR AR08 T I v a2, 3 — L S K VRS DU A i, T4
PSR AR PRI SR, Y4158 185 30 K 8 0 R B i 22 T 0 1 B, o D0 B 0 2 1
R BUR. Beck 4 G IR A U LGOI (K RISk, 7 SR s BE AT AT - TR
AL HEA THRIN , ST LA S B TS 7 BB R B A . () HLIIRA [ A ke Bl — i A
T o, 5 5 R T , SRS B BB 743 5 FLASE 9 LI, Nosko %17 XHRKIE
500 J7 m* JE - TIEHY A I LRI AE SAEAT S0 BT, 46 1 ML IO T 4 F ol i £ T (PE L PVC PP



551 1 ), AF BiiE S T REE B 5 R AT 45

A5 HARI R PRI, AR BEE E N 10 4E(R] 100 22 4b S g K i L4 T AT B AY + T
B S5 o PR 00 I B, A S AR FH S 14 L I 0] 300 5 A T A K R AR o e B R B v

s LA A0 18 T R T AR A 4 DX T BRI B G AR N, LR R R R A
SEBR AR FH I H KRR 5K A — o B BRI i, v AR A P T3 A o s Y e+
JEE 5 KA FR SR PTG e, JEIOHS B AR X A, AN FH T i W B BB T NI B B 480, Ak, KA VA
ELXT R BE B ARl 18 A - TS A T BB A, DR A I 71T A K 3 T BE AN 8 A e TR A A R v g
J14z g NI GBS ARV (R R D R AR 25 RO B2 R . AR LU Z T, W oI A OA 34FE T e 4% O B
A B E S AL N B (S - TR [ id T8l R S 4 TR, BT A s AR DA T B2 DR A
+ TR AR H AR R R
1.2 R ERPEFHIEHE

b TSR S I AR IS, — T D BD B AT S AR N B AR E . AR Nosko 450 i i 2
Seit, 76 A RHR AP 2 AR AR S AR b TR AR 0 A a5 1) AR 3R R T AR Y B X T Tt
T v 78 55 ) 2 LA R T R ML 25 38 B 3 b TRt R T, SR R R T T A B HE L
of PRUIR SR A 3, 38 1 R R 22k R A T B B T RS B R 4000

5 e B Z B ) R SR B PRINAS [6], WA PR AP 2 0 A TR B R0 AT R FH b, 22 Dk v 8 3 Al
PAME T, WL AR 1985 4F 1 35 [H Leak Location Services 23 7] H Hy | H T4 5L HE > 278 + T
JIEE b 2 a3 A A e R, R R R L R I BRR , TORESE A T, PR T v B AR
FE A =2 [ AN R B FL A [ B 5 177 >4 b T RS R SRS T a5 44 Sy s 4 (AL 308 J5 DAL T % DR [ v ) L Y 3R

REUR AU, R AR T (G Ao AL F F B 22 TR 2 5 7 A L I ] 6 A A DR e o 1) A7 TS e X ik b 3 2 %

BHMATHE , B b 2 ] S 0 PR R AR SRR I 25 SR i T4, i, X Ge RO AR vk 647 el it | B
JICT AR 1% ( SOPR FRBR (7 O AR T ) | AR i 0 7 SO T T 1 b 3 1 I, ) —
XoF T B [ AR R P bR (B A ) 7E b TORBEREE A BT ( bk 48 ) R AT R s, Y4 + TR SE 47 TG
P, B8 LA S JC R, AR A I BIE 5 0 Y b TR AR SR s, B8 LA BT R B 3, LR A TE
TR ORI B 2k | b TREAA ARSI PG , Bl G DA b TR 5 8 DXl S0 e o 7 85, AR A — ) 1 P, A5 26 K5 348 4
K5 AR 1) T D FEL AR AN RS A At B 00 L AR () P b A7 22 508 38 i RO 5 > W % 0 R AR A7 ke o v
XPRRAE B, P AR FLAE 25 2 A AR S I RS B, B AN, 250 S I 36K, B 28 s g PR 0 R AR A7 T R i Ah s 381 K
SRR 5 PRI A AR AR SE FT RN, F A 220 M/ CEERI F AR i A st B vh ) ml i gl s i ( 22) 8 At
T, 2RI Ty ) B HRL A7 ( 22 ) AR AR £, I rf e 67 22 43040 th e 2 th B — D U AT — N 4, 38 By v s D
RERBE I B, Parra®) X U B4 PR IR AR S, OFHE T H TR SCHM M, = 20 42 90 4F
oK, B JLE A7 ) A A AT T BB TR, Hansen 450 I FHABRMR 125 AS [F £
12 X B PR AL SR IR A T S A AR, D iR I 2 0. 6 m JEE 352 T HA/NT 5 mm MEEGE .
S5 OV PR -1 1y b Xt A I 3 SR A 7 S e Bl A R S T e o TR P A B SR
FESZBR T AR B OR3P 2 i S B — i e FE RO AP 2 BB A — 8 R 451 i ik B
B PRI R R mT IR 2 7 55 T 2 KRG = TS E MR 22 7, 22— 30 R A A 400 1

2 BE{THI L TRES I M 0 A0 &R b £R3

M A TS e T GBI S R AT TR I B K e ) DL R shAE P e O 4 TR R T e R 3
PR , [l TR 13 5 2 (OREUK AR ) SIS BOA id S5 K VR I T , AT RE s H BN ) FF R B A58
FIFFHIE T i T2 258 ZUNR T 377 A IR [, 3817 0] £ TS T 2 02 th A mr 2k |
PRI I ) R B35 252 PR 2% K ek i) 2R 36 1 1, Nosko 2650500 (a8 40 3H1IE 5232 47 3 - T8 7 A Bl g ) AR
AR /N, PR, 76 TS AT PPN 4 TR AR 3 58 e Ve 019 32 2 T B e T JF A &4y Sk B 02 The 1 I 4
BT, T HAG b S S 3 2 ] RE S S A EE V5 YL 1) TR | BB B I 15 00 A R W 45 BAS L A i 2
2.1 HFEEIRERMNERESRKEENGE

X TAEEE TR AR TS AT b TR S8 B Pt A T W, — e 75 234 = T RS 13 = i A L ) i
TERPERAT B AR T )2  MREAS R B AR 3, IUAT Bz A T I S B8 T W 7 v mT 43 Sk i A D0 7 3 R



46 WK E el (AR RS R ) 55 46 &

F 2 W 5 s 2

BRI A R KRG I OO 2 A B AR B B S (a) MR KRN ) T B AR
b P JE A AR K 3d sk W AR A Hh g b T K e R 2 B0 SO B AR AR B W g 2 R R AR B e, 1T
TR TS T R ORI A R BB TR, (b) U O ik 7 BB R a8 AR A T O A T AE - T
R L3l B Em Y B O B SR R B BE AR I W i R S R A B e, xR R ELE T A
e RALB IR M, (o) A2Aaalanlan ik ) T B e 1 J) B A R R 4R, il i WS IIR SR A 5 1A
Ty b B A Ty #4542 BRI 0 S F W S M 75 A A B T . 207 VE FELE I TR H | 7R
Bz H BT 7K A Ak 27 150038 B S RE A 7 = T 2 A5 A7 AE B, TG 2 o 1) ELAAR AN " R B
H s 3 g 8 2 BAR T DA SR 09 00 8 5B (B I SRR ERINIAS B 5 10 B S BCR m UIM G, Bkt T
PSSR B 02 e W D 7 3k 32 P T G ) TR A3l T oKoR) TR 0 Tk 2308 B A 2=l iy
FR et /D 25 5 B 2R KR B A AR TN R B0, i 91 i 22 S b PR K s Y5 e, Hix ) X i dg R G £
TR BRI T VA A T JE LU S 4 9 BORCE  R  R 38 R ik e TROR K ME = 2 B 5%, 7R S B
TR I AN

BRI 7 VAR S T — 2 TR [ A e, DR R T e B AHLEZ R H 2R I
T AR A T8 266 5 M AR R B 2 e T 3 1 - 337 i 8 v BEL 3R 55 F 2 R A 1 728 A T FRE A I 1) 855 3 12 T
WEI ELAT Bl M il D VRSB 2R, TR R R B AR L 10°Q - m, 1Y+ TR A
BRpE R 206 R T AR T A, A D 4 B B 24958 10Q - m™) 38 1 B i B3 70 - F B =6 Y
25 5% = T REBRFASE T2 A, PR 2 W vk v LGS T4 28 1 TR TR BRI, Lok, il
D732 00 B S AR B2 RN RIS BE AR ZL0 T H A I Ty 3, L e & s B T AR 2 47 10 4 T e e vk
WY S e

FL 22 WU 7 A HL A A AL 2 AR R B 1 | Pl R 1 S A N 55 (a) ORISR IR TE
A TR R AR L A SRR AR S X P 0 18 TR 5 | A 5 B0 0 8 i 50 0% o872 ke ST i+ TR
TAETEGRPE %L TG T R G AL B s e, T EL 3 bl v bR 7K 55 PR 3Rt T e 2 5 RS =3l 1 3
I BRSO RIS SR TR . (b) (a4 2 4 A A AL B B AR 3 X I AR S
T VB0 PP 2 B A3 BB 5 RS A% B i 48 K A 0 P A 2% 7 R J W = T BB A5 77 A BB . Rumer 25604 A FRBE
PRIP B £ BE X452 TREB B AR RIS HAR AT /- Hr VAR 48 1 T AN [R5 077 AR (98 e W 53 AN A TA]
Vo FL A A SR R 5 3 138 I 22 B R BRI () R BHL SRR 2 DI 7 4 T8 4 iy SR 4800 el il 1)
FH BT 22 A I T TR 30T - 398 e BEL SRR AR () St T TR 5 72 AR B . Phaneuf 2514 X 41 29 M) £ 4b A
FH F BH 38 A 7 St B 400 1 i 3SR A TR A F 5T, UE B L BH R L AR TR 4T W (B R IE B 8 A 2 S8 B M
DR T AR B 2 A 7E T 40 ) 4 TS G B AT 16 %1 5 R 338 1% L BHL R 3 S RE 58 4 il 2 K
8K e BB B PRI G SR T, () AR A R T b A AR B i T A - TR
() 143 rh | BT S b A AR ARSI, AR AT g 1) S A (R L R R e b TR B B H i . Oh
S0 A A RS AR A L Bt — R A R S SR R A, IR A TR AR G 3 e AR A A KRR LA
[E) S A Ak T W 3R G P R R U0 MR % 3R e BB TR A U BB () 67 B, I 7T LA E P b A 98 T YA 2 457
PBIERGA ALK, Ben 250 SR AL AT F-KT A R I 156 Fi AR A% 0 1) 45 vl TG TR AR A A, el
FERRAR T W RGP RATEA 38 T TR S I i JE R0 I, R 207 130T DO i s i 2 £ T
Y ERBEA LB, A SRR RE RS R, B S T A T A2 A7 3 A T8 0 Sl o 15 400 28 A 7 i A Wl e il 38 FH
B IEIR G G AR I AR B TIREER S R s Y 0 - TR S TR SR, Ry A A AR R
i R DL R 5 Z LR W R 5, s A 5 AR A, PR AE S B TR rh s 7 AR 28 5 1 A T
T EE PR 1A 0B s W 7 ik
2.2 SEEIERBRMEIER

X T A A T RREER A5 T Wi R 48 0 © TR, WIR R R 22 R0 7 1k v i (R AR 3k R A s B R
R ] PR A2 2 ot L A0 3k AR R R 5 AR DL 28 SR m] i 2 e 17 25 2 R A TS R L
e £ i3 22 3R TET I FELSE A A o R 7 23 R ) R TR 7 A AR , PR 2R A AT

R AE T AR IS AT A A S ARG LT AT - TR B R I Y S e T N A X R



5511 ), AF BiiE S T REE B 5 R AT 47

T T KR AIEE 5004k, Beck A5 X SE T L OAT By ML 2E BRI 5 5 ER AT TIRATSE T, IAH
GIREFEY R 51 B far DL B S BB SRR Yt B, T R e A A I AR A R A AR B R I O T Y
TEMAEHE . Beck ™ Xt BUA A MM IR0 015 45 204 7 oAt hy 0 300 PR DR RAEE 17 Wl M TS R ) B, R A A T4
FHZAE GPS Hdli i S AE I /s 28 DI RE A R b & 1 AR -1 A ERINDRG 2, HLRE A %R AR I H e, o £
B4 Xiao 557 MR TR0 SR IEH B IR 0 T TR0 5T, 4898 TR R/ il R 8
UEJARRL DL KK (BB IR ) ATE 55 PR B R 778 T A T (520 . Peggs %% Al Ramsey 55 XHE4¢
ol S A G r Aok B 43 O AT 2 T A T R A 6E B A BT, R SR TS e EOZE B U A DU i S
Youngblood 2 [60] \Abigail agle] Ng alel 38 3o — ZR 5 SE 7 N UESE T B A R A P Al Tl
PR G T Ao BRI AR XE A AT BEARIN 1 50 T BB A , (9 anfiss b A7 BRI ORAP 2 o e 3 5 T B2 4 fi
RE KA KDL B TR R A S 1 B, Sirieix 251 1] T e BHL 56 2 AT AR AR X G2 i A 4R 4738 TR 1
I 5 XA [ 2) AL AN — 30 48 DL T R0 AS W] R 51 B 235 SRt A T8 LA Ar , e i ok PSO HURE i e 1 I F,
BELAS B GHEER 2T A TR A ERIN [, DB B LA R BB & iAW | AR e A s T
TERR TR IE A T 4 RSB B4 I ) 35 P R TG 52 . Prota S5 1% Xof 4 55 107 L ik 3 VR 44 b [X. 79 7 45 3
H AT IRBIE, TS R 0 AR 7~ R0 15 mT L2 5 B GS OAC T AR X 38 ) P i 1 4, LA PR Aty - T A e 450 AR
B, Nosko %517 ) FH LA v AU A TR 065 A, S 1 %ot T 300 R G2 4 T BIAS TR RO~ = T BB 4 1
BRI, o+ TR TR F 87 1Y B AR r] g

AR S TARLERR L —Fh o e - T REE AR T, 5 DL A i AR R A
W R GEAH L (R 712 B RAOG S RAE B AR S o3 1 ] TR LR I R e TR, e
Hb AL AT K BAT s 0 5238 AT DA A - AR A5 B v A B2 | ELA A 7 i 7k mT AR
PEAK H il TR s A 2 R A TR 54 h ) IR 2 td A T - TR £ A T AR S AT 4
T SE R PR PRI

3 T TIRERBEIRRMTTHICE KRB KR

3.1 SREEERMITEILE
TEAS 28 b TRF IR B A 75 3 A D R R e ke s PR A A 28 O 6 L, IS 0 20 A AN TR] D7 ik AR AN [R) TR P Y
RO, I ITARGE AN TR BE AN [R) TARRFPEEA T G2 A b TRk B PRI ik e, Wk 1,
R1 RBARIMFTEE AL
Table 1 Comparison of the defect detecting methods

‘. o femEl Eea , : N T Tl ",
Ik wey fooElL Rl e ik smmme el RO
Al W e W | PREEE  B0m & WA
. s AT I . kIR,
SRR T e Pk iy L 5 A IITREE
ERRMRE T e | RIS B B & EAk A
’gmg T fR SR %ggﬁgw B fe H EAAA
K W e il I E T U
WAEE T R G T | wbdelE BN f & EAKAL
i ) \ T L RS,
A T e PSRN Y VS ST i A 2 pthits
WKW B # & U

M3 1 A DL, G Rl T s A7 300, AR E R AR 7 3k, i 2 0 7 vk 9 3 PV BT )™, % Tt T
RGO PR AORRER L TR, W oIOE B PRIIDRS BE i 35 G R e s (AR . X T A7 i 225
IR A AR TR, AN SRR R 4 R A5, W L S sy A ARAR B A AR R A B R 58, i
VA B T T b OR PR A S R SR PRI, S T T2 A7 AT 20K A T e DU A 58 i T, U
T AL THRBG B A7 WO AR KR TR (B AHEEAE



48 WK E el (AR RS R ) 55 46 &

3.2 T TERERPELLER AR

TEASC- 45 B B A T IS B FR8 000 (5 R AR W ) %) [T s | %o 2% B %) 4 T JE ol b o7 b A5 b BE g A0 B ey T
Jits T HRGZ A 70 A TS i 7= A SRR B T RS AT AR PEAN ] R ) = TR o A B AR A B AST]

PR T, 24 4 TR EREE RIS, TR % BB RN S a8 SO FTAN TR a5 1%, Hop, g4
HAB AN/ N SRR A5/ Jr S JEOE o T S JRE /D R B 7 5 T 4R T SR AB R R LU #2445 i
W, R B T 20 BG4 K 150 mm  EL 25 R FH B £ 5 2 B K 4% 1 TR MR K (AR
BREIREE . BN E A A S] T AR E T ER , REEE B A + TR B IF B 0 + TR AT 84, A
FH X 85 3 X6t it 1391 HH B £ T RS i A AB b, AT 4 = TR B B R R 1 e 2 1k

X T CABAM AN L TS TR, TR E 4, TS BE BN EORAR &, — M7 22 0K Bk
Tohr P IR (R B it T 5, R B Tt B i B s Ak KB, Al A0 T bl B E EZ LA — 2
JRRESEAF I TR (TR R

BT R AR ISR AR 2 A6, Darilek %58 B H T 4 T BB 6 40 14 B Sk 3 , ) fL 286 S0k 7 L
Ve T 23 i i B A0 B8 3l i) JRL B, X = TR B Ak 6 AT ) Bl B3 0 T PR R SRR TR 0 i — 20 R R
Kambham %) $5 i — I Pk st S8 R A B BRI 0E A T 1 05 BUBLHL, 43 Hr 28 W R kB B 1 o 2 5
H R E RN G (9 R 45 R BCE VM SE . Darilek 257V F1 Yeung 2517 4351 FH 28 PR 36 AR R BE R I IE S 1 H
PRI BB A R, E IR 8 ~ 10 mm A [T Bk B 78 L YKk A8 R 98 U e 0 e K B D /N
Corapcioglu 25" 8 1 B0 BAIF 1 L Pk E B E B (A RLHE  JF 48 T R AR E B B PRI R O S
TREAE BRI DG 2R 3 458 vo PR R 00 R P R AR TR 2 o 8 b ke 14 A o T st bk 3 St sF b Al 7 S 7 i
LR, Han 277 Kim 287 9047 T = eI BRUa00 , PR 1 s Uk vk S B A B S A O
PR AT TP, AT NS b nT DU TRE I 17 300 4 T Gl 06 e A XA AT, 52 o T S i 3k SR 3
A Ff Tk — 2L R RIS IE

Tt TR 22 T, M et TR IE AN BB I, — M7 X AN AT K, WARAK
SRA BRBE (B IR) RIS, T B AT A 38, BB AMSOR 22 T 4

4 & &

T TR g — B SRR BB A L 75 S PR AR B2 I e PR % o Jd P S 0P e el LA, AR SC A
25T [ PN A T Sl o PR (5 A D0 9 T S 0 ) P ATF 5 IR B BAR, o 45 SR 5 9 AT B B g 6
PR 55060 HE A3 BT, 3 B A A LS4 i ) 12 BT TS B T A 4R T 58 S (2R S5 0 A & T R TR
B TR T3] Bz A WA SkEE IR , ] B I8 RR AT . 88, i T TBRBREE AR AT = 2 PE AN E
P, B B — LSRR IRIN 7 1230 155 Ttk — P TR ARG 0 S A 06, LA e 4000 ) (58 1) P8 AN 22, AR R 0
JA

SE Lk

[ 1] MULLER W W. HDPE geomembranes in geotechnics[ M]. Berlin: Springer, 2007.

[2 ] (L TA AR TREN T i 2. LA MR TR P M. bt h RS T AR, 2000.

[3] Huif. LaMNPg(E46) L TG XIS kRSP #ER1T]. KFKERH R, 2016, 36(1):1-7. (CEN
Weijun. Advances in research of defects and leakage of (composite) geomembrane in earth-rock dams[ J]. Advances in Science
and Technology of Water Resources, 2016, 36(1);: 1-7. (in Chinese) )

[ 4] AEhsy, VSR, IR Biid 2 TR BRI R S BB AT S e e [ ] iRl ( A SRBHRR) ,2017,45(1)
36-44. (CEN Weijun, HE Haonan, WEN Langsheng. Research progress on defect property and defect induced leakage of
impermeable geomembrane[ J]. Journal of Hohai University ( Nature Science) , 2017, 45(1) : 36-44. (in Chinese) )

[ 5] NOSKO V, ANDREZAL T, GREGOR T, et al. Sensor damage detection system ( DDS): the unique geomembrane testing
method[ R]. Rotterdam; Proceedings of Geosynthetics: applications, design and construction, 1995.

[ 6 ] NOSKO V, TOUZE-FOLTZ N. Geomembrane liner failure: modeling of its influence on contaminant transfer[ R]. Bologna:
Eurogeo Geosynthetics, 2000.

(7] mole, 2 dF B IR RIS A B T B0 £ TREE T AR AT [ T]. PREE T4 TR, 2008, 16(1) : 16-18.



5511 ), AF BiiE S T REE B 5 R AT 49

(GAO Kang, LAN Jiwu. Analysis about construction destruction of impervious geomembrane using electrical seepage
measurement method in waste landfill sites[ J]. Environment Sanitation Engineering, 2008, 16(1): 16-18. (in Chinese) )

ZrE), MBS, R, K E TR £ TR BRSO [ T ], N RS TR R A A4,
2017, 25(6): 1183-1192. ( CEN Weijun, WEN Langsheng, HE Haonan. Strength, leakage and stability problems of

[8

[

impermeable geomembrane for reservoir project[ J]. Journal of Basic Science and Engineering, 2017, 25(6) :1183-1192. (in
Chinese) )

[9] HEif, £5, Hikk. (ES6) LTS LA RS mARTELT]. KRR R 3R, 2012, 32(3): 69.
(CEN Weijun, WANG Meng, YANG Zhixiang. Partial saturated seepage properties of ( composite) geomembrane earth-rock
dams[ J]. Advances in Science and Technology and Water Resources, 2012, 32(3): 6-9. (in Chinese) )

[10] Ay, A, 2XB4E. b TR X b A7 IS R Y S e S PR T[T ] . KRR R |, 2017, 37(3) :61-
65, 71. (CEN Weijun, HE Haonan, LI Dengjun. Influence of geomembrane defect on seepage property of earth-rock dams and
measures of seepage control[ J]. Advances in Science and Technology of Water Resources, 2017, 37(3): 61-65, 71. (in
Chinese) )

[11] LAINE D L, DARILEK G T. Locating leaks in geomembrane liners of landfills covered with a protective soil[ R]. St. Paul:
Proceedings of Geosynthetics, 1993.

[12] BINLEY A, DAILY W. The performance of electrical methods for assessing the integrity of geomembrane liners in landfill caps
and waste storage ponds[ J]. Journal of Environmental & Engineering Geophysics, 2003, 8(4) ; 227-237.

[13] THIEL R, DARILEK G, LAINE D. Cutting holes for testing vs. testing for holes[ J]. Geotechnical Fabrics Report, 2003, 21
(5):20-23.

[14] SMITH B, DARILEK G, LAINE D. Enhanced geomembrane CQA through proper application of geomembrane leak location
surveys[ R]. Washington DC; Geosynthetics 2007, 2007.

[15] DARILEK G, MENZEL R, JOHNSON A. Minimizing geomembrane liner damage while emplacing protective soil [ R ].
Nashville: Proceedings of Geosynthetics, 1995.

[16] LINE D L., MIKLLAS M P. Detection and location of leaks in geomembrane liners using an electrical method; case histories| R].
Washington DC: Proceedings 10th National Conference, 1989.

[17] NOSKO V, CROWTHER J. Can the holy grail of the geosynthetics industry “zero leakage” be achieved by arc testing[ R].
Portland: Proceedings of Geosynthetics, 2015.

[18] GIROUD J P. Design of geotextiles associated with geomembranes[ R]. Roseville; Proceeding 2nd International Conference on
Geotextiles, 1982.

[19] TOMES P, FISHER G, WAY W. Geomembrane liner reduces leakage in underground reservoir[ J]. Public Works Puwoah,
1988, 119(10) : 20-32.

[20] NEEDHAM A D, SMITH J W N, Gallagher E M G. The service life of polyethylene geomembrane barriers[ J]. Engineering
Geology, 2006, 85(1) : 82-90.

[21] OVERMANN L K. Geomembrane seam nondestructive tests; construction quality control ( CQC) perspective[ J]. Geotextiles
and Geomembranes, 1990, 9(4) . 415-429.

[22] MCQUADE S J, NEEDHAM A D. Geomembrane liner defects: causes, frequency and avoidance [ J ]. Geotechnical
Engineering, 1999, 137(4) . 203-213.

[23] YOUNGBLOOD J, WARD B. The technical background and successful field experience of spark testing a conductive liner[ J].
GSE Technical Document, 2009(3) . 135-138.

[24] ROLLIN A L, JACQUELIN T. Geomembrane failures; lessons learned from geo-electrical leaks surveys[J]. Lessons Learned
From Failures Associated with Geosynthetics, 2000,17 . 332-341.

[25] BECK A, LAFERTE J. Advancements in leak location technologies for the control of geomembranes [ R ]. Bangkok:
Environmental and Water Resources Institute (EWRI) , 2009.

[26] &fE, 2R, + TR 25 8451 T]. 38 AT/, 2017, 25(3):110-113. ( GAO Kang, LAN Jiwu.
Experience in leak location survey of geomembrane[ J]. Environment Sanitation Engineering, 2017, 25(3): 110-113. (in
Chinese) )

[27] SCHEIRS J. A guide to polymeric geomembranes: a practical approach[ M]. Chichester UK John Wiley & Sons, 2009.

[28] U. S. EPA. Survey of technologies for monitoring containment liners and covers[ R]. Washington DC; U. S. Environment
Protection Agency, 2004.



50 WK E el (AR RS R ) 55 46 &

[29] WHITE C C, BARKER R D. Electrical leak detection system for landfill liners: a case history[ J]. Groundwater Monitoring &
Remediation, 1997, 17(3) : 153-159.

[30] LAINE D L, DARILEK G T. Detecting leaks in geomembranes[ J]. Civil Engineering, 1993, 63(8) : 50.

[31] PARRA J O. Electrical response of a leak in a geomembrane liner[ J]. Geophysics, 1988, 53(11) ; 1445-1452.

[32] KAREN H. Leak detect for landfill liners: overview of tools for vadose zone monitoring[ R]. Washington DC; Environment
Protection Agency, 1998.

[33] HANSEN R, BECK A. Electrical leak location surveys for landfill caps[ R]. Bangkok: Environmental and Water Resources
Institute,, 2009.

[34] ROWE R K, QUIGLEY R M, BRACHMAN R W I, et al. Barrier systems for waste disposal facilitiesl M]. London; E & FN
Spon, 2004.

[35] ROLLIN A L. Long term performance of polymeric geomembranes[ R]. Quebec: ICCD GEOTECHNIQUE, 2004.

[36] BUKET Y N, ELFEKI A M, VAN D A. New approach for ground water detection monitoring at lined landfills[ J ]. Groundwater
Monitoring & Remediation, 2006, 26(2) ; 79-86.

[37] STAMMLER M B. Evaluation of methods for monitoring landfill barriers| C]//Anon. Conference on Contaminated Soil. Berlin:
Springer, 1986 . 477-500.

[38] WILLIAMS C V, DUNN S D, LOWRY W E. Tracer verification and monitoring of containment systems (I1) [ R]. Florida; The
International Containment Technolog, 1997.

[39] HIX K. Leak detection for landfill liners overview of tools for vadose zone monitoring[ M ]. Washington D C; Diane Publishing,
1998.

[40] XPAE, &AW, T/AZE. LWEERENIKE AR [J]. TR 2=, 2006, 14(2) . 216-222. (LIU Songyu,
ZHA Fusheng, YU Xiaojun. Laboratory measurement techniques of the electrical resistivity of soils[ J]. Journal of Engineering
Geology, 2006, 14 (2): 216-222. (in Chinese) )

[41] RUMER R, MITCHELL J. Assessment of barrier containment technologies: a comprehensive treatment for environmental
remediation applications[ M ]. Baltimore; International Containment Technology Workshop, 1995.

[42] SHULTZ D W, DUFF B M, PETERS W R. Electrical resistivity technique to assess the integrity of geomembrane liners[ R].
Washington D C; Southwest Research Inst Report, 1984.

[43] VAN G P, PARK S K, HAMILTON P. Monitoring leaks from storage ponds using resistivity methods[ J]. Geophysics, 1991, 56
(8): 1267-1270.

[44] PHANEUF R, PEGGS 1. Landfill construction quality lessons learned from electrical resistivity testing of geomembrane liners
[J]. Geotechnical Fabrics Report, 2001, 19(3) ; 28-35.

[45] NOSKO V, GANIER P. Damage detection system: the new tool for in situ testing of integrity of geomembrane; comparison and
results in two days seminar of landfill interest group[ R]. Cap Town: Institute of Waste Management, 1999.

[46] LAINE D L, BINLEY A M, DARILEK G T. Locating geomembrane liner leaks under waste in a landfill[ R]. California:
Proceedings of Geosynthetics, 1997.

[47] TAYLOR S B, WHITE C C, Barker R D. A comparison of portable and permanent landfill liner leak detection systems[ R].
Atlanta: Proceedings of Symposium on Field Instrumentation for Soil and Rock, 1999.

[48] OHM H, LEE J H, YOON G L, et al. Pilot-scale field model tests for detecting landfill leachate intrusion into the subsurface
using a grid-net electrical conductivity measurement system[ J]. Environmental Geology, 2003, 45(2) : 181-189.

[49] OH M H. Development of detection system for subsurface contamination based on electrical properties of soil[ D]. Seoul: Seoul
National University, 2005 157-174.

[50] OH M, SEO M W, LEE S, et al. Applicability of grid-net detection system for landfill leachate and diesel fuel release in the
subsurface[ J]. Journal of Contaminant Hydrology, 2008, 96(1) : 69-82.

[51] BEN O, BOUASSIDA M. Detecting defects in geomembranes of landfill liner systems: durable electrical method [ J].
International Journal of Geotechnical Engineering, 2013, 7(2) : 130-135.

[52] PARRA J O, OWEN T E. Model studies of electrical leak detection surveys in geomembrane-lined impoundments [ J].
Geophysics, 1988, 53(11) . 1453-1458.

[53] B, BEEM, I, 55, BUZE I I i e B0 Pl i RO IE AR AT [ ] 307 TREHOR K724k, 2006, 25(4) :567-
570. (YANG Ping, NENG Changxin, YANG Gongxun, et al. Analytical model for landfill high voltage DC leak detection[ J].
Journal of Liaoning Technical University, 2006, 25(4) :567-570. (in Chinese) )



5511 ), AF BiiE S T REE B 5 R AT 51

[54] tE, RERR, %, 5. AN TR0 28 T Al i s B A VA T i rE AR [ ] BRI R 274f, 2005, 25(10) :1361-
1364. (YANG Ping, NENG Changxin, DONG Lu, et al. Leak current model in leakage detection of HDPE liner using high
voltage DC method[ J]. Acta Scientiae Circumstantiae, 2005, 25(10) :1361-1364. (in Chinese) )

[55] 4, Wi, REEMH, 4% REBUIYB It i it et AT T [T ] BRETRLARTIE, 2008, 21(6) : 39-42.
( GUAN Shaopeng, PAN Junfeng, NENG Changxin, et al. Grounding resistance of electrode in landfill leakage detection using
electrical method[ J]. Research of Environmental Sciences, 2008, 21(6) : 39-42. (in Chinese) )

[56] BECK A. Technical improvements in dipole geoelectric survey methods[ R]. Dallas; Advances in Geotechnical Engineering,
2011.

[57] XIAO K, XUE Q, LIU K. Influence factor analysis of the electricity-dipole method for landfill leakage detection on HDPE
membrane[ J]. Environmental Earth Sciences, 2015, 74(7) : 6225-6232.

[58] PEGGS I D. On Site-Liner integrity/leak-location survey: the significance of boundary conditions-case history examines survey of
new landfill[ R]. Washington DC; Geosynthetics 2007, 2007.

[59] RAMSEY B J, PEGGS I, GALLAGHER D. New electrically conductive geomembrane for post-installation liner integrity surveys
[R]. Valencia: European Geosynthetics, 2012.

[60] YOUNGBLOOD G D J, RAMSEY B. New electrically conductive geosynthetics in support of post installation liner integrity
surveys[ C]//Anon. Proceeding of Geosynthetics Americas. Japan: Japanese Geotechnical Society Special Publication, 2012; 14.

[61] ABIGAIL B, DAVID G, ERIK K. Leak location liner performance evaluation[ R]. California: Geosynthetics, 2013.

[62] NG H, ZHENG Y. Electrically conductive geomembrane enhances construction quality assurance at post installation [ J].
Japanese Geotechnical Society Special Publication, 2016, 2(70) ; 2401-2405.

[63] SIRIEIX C, MARTINEZ J L F, RISS J, et al. Electrical resistivity characterization and defect detection on a geosynthetic clay
liner (GCL) on an experimental site[ J]. Journal of Applied Geophysics, 2013, 90(3) ; 19-26.

[64] PROTA S, PARRA D, BECk A. Maximizing productivity in heap leach pads through dipole electrical leak location[ R]J.
Vancouver: Proceedings Heap Leach Solutions, 2014.

[65] Z5, kT, Fxilk. WK B 0+ TA0 - TROE THARLI]. WK kR, 2014, 33(H#F] 1) . 124-127.
(LI Chao, ZHANG Changyun, HOU Yunqiang. Construction technology of geotextile and geomembrane under expansive solid
[J]. Sihcuan Water Power, 2014, 33 (Supl ) :124-127. (in Chinese) )

[66] 1M, KT KELAMEE L THRETEREHARLD]. JLat 5K, 2010.

[67] LANDRETH R E. Locating and repairing leaks in landfill/impoundment flexible membrane liners[ R ]. Springfield: National
Technical Information Service, 1988.

[68] DARILEK G T. Electricity seals impoundment leaks[ J]. Environmental Protection, 1991, 2(3) :44-47.

[69] KAMBHAM K K R, TUNCAY K, CORAPCIOGLU M Y. A semi-analytical analysis of compressible electrophoretic cake
formation[ J]. Water Resources Research, 1995, 31(5); 1421-1428.

[70] DARILEK G T, CORAPCIOGLU M Y, YEUNG A T. Sealing leaks in geomembrane liners using electrophoresis| J ]. Journal of
Environmental Engineering, 1996, 122(6) . 540-544.

[71] YEUNG A T, CHUNG M, CORAPCIOGLU M Y, et al. Impoundment liner repair by electrophoresis of clay[ J]. Journal of
Environmental Engineering, 1997, 123(10) : 993-1001.

[72] CORAPCIOGLU M Y, KAMBHAM K K R, TUNCAY K. Electrophoretic repair of impoundment leaks: Analysis and verification
with experimental data[ J]. Environmental Science & Technology, 1998, 32(23) . 3778-3784.

[73] HAN S J, KIM J Y, KIM B I, et al. The 3-D simulation of electrophoresis method in leachate system for repairing of leaks in
waste landfill geomembrane liner[ J]. Journal of the Korean Society of Civil Engineers, 2010, 30(1C) ; 17-25.

[74] KIMJ Y, HAN S J, KIM S S. The enhanced electrophoresis method in leachate system for repairing of leaks in waste landfill
geomembrane liner[ J]. Journal of the Korean Society of Civil Engineers, 2010, 30(1C) ; 7-15.

(Wcks H91:2017 -08 - 16 Jiit : w2t )





