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Evolution mechanism of dike risks, quick detection of hidden dangers, and
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Abstract: The flood disasters are severe and frequent in China, and affect the safety of people's lives and property and social
stability. The dike engineering is an important foundation of China's flood control system, which is characterized by long
lines, many hidden dangers and frequent dangerous situations. At present, the dike rescue is still dominated by the huge-crowd
strategy, and the rescue efficiency is low due to the fact that the evolution mechanism of the dike risks isn’t
yet understood systematically, the high-precision detection and rescue technology of hidden dangers in the dike and the
equipments are insufficient, and the degree of technical equmipments for emergency rescues isn’t high. Therefore, the National
Key R & D Program of China “Evolution mechanism of dike ————

risks, quick detection of hidden dangers, and technical BEWHE: “+=07 BREAIRIBHE (2017YFC1502600)
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equipments of emergency rescues” was carried out in the Yangtze River basin, the Yellow River basin, and the Songhua River

basin etc., in order to improve the detection precision for hidden dangers in the dike and the efficiency of emergency rescues,

aiming to promote the defense capability of the dike engineering. Many innovative results have been achieved in the fields of

safety classification of dike engineering, evolution mechanism of dangers of typical dikes, risk assessment of safe operation of

dike engineering, intelligent monitoring and early warning, quike detection of hidden dangers and technical equipments of

emergency rescus, and so on, with remarkable social and economic benefits, broad application prospects and

great significance.
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Fig. 1 Statistical content of information of dike engineering
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Fig. 2 Histogram of distribution of dike risk types in Yangtze
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Fig. 11 Test results of MD-12 equipment
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Fig. 12 Weak magnetic detector MMS-1

12 £ AE S 87 2 i e i = E iy X i N\ R
P A ()72 T B T PN HELIAE | S BRI S o0 A, SN
BiRaEE A R R HBNE S KENL. W
W& R 4 B i AR S R . SR AR 85 55 07
VRS T I () S5 HEAE SRl . RSl o) 7%
A 0.01 nTo WAE & = &0 AN 7k
HITC B AL S5 T REl 0L

(3) P4 % 3 Uk A BRI

SIS BT Be R PREAR I B AR, B TR B
RIMBEAR B, KR B A BA B TR A H PR 7%
I b BB B OE SRR R 50, 18R
X, ¥y 23N A E S, SCILBRRT IR R ) PRod 4R
WMo ZRFOIE MR B L BRI EA
RS AL . R RER . FERRER RS Bl AR
PR ATAE, RREORE R SR R 1.271.6 ps —
R, WA TS B B T AR HE Y S B PR 1) 2% A i 2
KAl
3.7 RIKBNASKEASEE

(D BimEEeREAR SR &

BT R A RS SR A BRI, B T Rl PR
GATEYEII N SR %, S T A I PRk 2
AL,

B0 ETRGR R g b R B A R B kL
B SIS AR IR e 2, BT — b — A 2B 2R e 7K
B (13D, KRR TYRITR, &5 7 Emiaks
BRI SR B R B P I 22 T K R R
SR TER, R T ARET R RS AR (B 15D,

WK 2H 2R T K B S UK s PR o5, A sk
BLTRIIR FH Bl s X RS 1 AT PUdE SRR ),

& 13 AENFTKEH

Fig. 13 Assemble water impounding well structure
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Fig. 14 Structure of inserted relief pipe
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Fig. 16 Formulation of combined pervious tetrahedron
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Fig. 17 Quick revetment technology by large-sized geotechnical
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Fig. 18 Technology and equipments of locked polymer
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Fig. 20 Detected results of piping path by weak magnetic method
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Fig. 21 Structure of relief well

WES TIRISITAI R, 1ERE BRI,
P FHE AR D RO AR B, (HBEE R AR, 9
JEFEIZAT SZ BINURIA LS | b 25 655 22 07 TH R R 5,
R PR AR B AR TR, YRR I K BB s )
FRAR T IRE IS AR, H 2R

FR T BH B VLT3 23847 20 REEM 107 L E
IR G245 BRI, SR AR 18.0~30.0 m
PRI, A7 55 B RAE 10 m IRLAN Y
WEFSLT 33 O, 5 31%. 22 H0RUE HH I HIR
B /N TR TR, R R 3 it iy BE BE A 1 vt
AIRIZE A S T O e, R AU N ZRk
KA BIER S .

(2) HARRHSHR

T H TR ZBUE I 9 T HTT P H = 1wt 75
e H R 7 Y R 45 2001 4R 4 2R St , H:JA) 1 20~
30 m, HHEH4 300 mm.

T AR IR AR S LA TR R AR B . X IR
AR R ES /N, SR 2 AL IR B ACKS 48
ORI LB K o AR PRBRE  REER. A
SLEEYUIRMIER, RN AR FHL

WESER G, FHBRAEEGRI. Sl S RE
RIS I Atk R B R I S H R [ FLAH & St o)
RSB AL g FE VR ] 78 e B 5 BT 2% 1
N, FETIERZEMIZ SR B AR b, G
VR RE, WIREMRAE. A0 IR



7

BR%IG, A SEBTIE IR e PR I L B 2B R R & 1323

MY S H I A vt K s ' FH R T B il BE 1 St T
R ERE Ve R RBE SMER], A RIEEH K,
KR NAUEAR T 2 AR FRIRTE bE
A K, TERRSE, B R S IKE KRR,
BB S KR H .

BA R R R ZE Ve . i SR Sl KR
BEIRGES 3 TUECRX B 9 VRS AR IR BEAT B
Bro MRAEBEFATE A RIGSE R, DAL BRI
g MFKEE T HIRBAE AT R . 3R 4 Dy FibiE
Frah AR g4 R

RyER 4, Veb)a AR R FK R EH A
[FIFE 3R i, BT ¢ $3RTT 1.2~5.4 7%, THTH 1.1~
5.0 fir, RUIN SERE VBRI R .

® 4 BEHFHBIFSEEI R

Table 4 Permeabilities of relief well before and after well flushing

BEIEAT YEIE e

I . — . —

ISR (L RIS (L D
J#57 0.92 3.46 5.00 17.28
J#59 0.89 6.05 2.68 12.10
J#60 1.60 12.96 3.61 25.06
J*61 3.74 25.92 4.32 28.51
J#63 2.27 13.82 3.76 29.38
J*64 6.22 27.65 8.51 45.79
J#65 3.42 25.92 8.39 45.79
J#66 1.23 13.82 4.71 44.06
J#67 3.53 21.60 6.20 33.70

TSR R IR 0 T BT PR I R /N 43 i)
AT KRR, 1 — B U R BARXS TR
R RO Fele I TR I BT BRI
B EH R 0025 KT 4 m¥/(hm). 2~4 m’/(h-m)-.
1~2 m¥/(h-m)A/NF 1m?/(h-m). 4% 3R 4 28985 H2%
Rormlagit, B3I, EIH Ve b, BeItE KN
RIEEHETE, FL PR RIE K 36.82%; 2%, £
A J61. J'63. J'65. P67 WU, Vet )a P
PRI R 75.53%; /=2, EEAH J60 Al 66,
VeIt 3 B PR IR IR AR T 3 A%, SRR IR LR 4
WIREZE 3.61, 4.71 m¥/(h-m), XERIEHFHEEA K
PEIR R SRPUK, AT IST#M J59, JEVGATIAE™
#H, HKBERCR 2, Stz 5 s nr bR 2 i
T, BN 3~5 i, WP IR IR AT X,
AR S SRR S HEK R

1E 2020 4 7 H KT R AE mK ALtk AE], bt
FJE BIUEE FH HACIRAES R
4.3 ERYIEEEERARNA

DA 2 i 2 =X e SR e v v i i R AE VL VG

ZR IR EF o (18 S FH A B A 2R %A PR S P 7R T A 100

(1) FEAEH

FRIT TR T#8 B B AR m i H KL=, 8
IR B IX, G B HM . Z 43w T 20 thad
60 AL, IRTHEFE 21.33~23.28 m, FHUBETH 55 & Ky
5.0~6.0 m, KBIEL—/ME 11 2.5~1 3.0, K
Wb —M 1 :2.0~1:2.5, BURBABAE S 52—,

SR RTINS, SRR, SR BT
R SRTNGE . SRR AR ER . s
JRR, 1ZRBERG TAENE A S SN, B
BAERIAEIKAIBY BN 5 S Se BB e . ik, &
X ARG BT T ALt 2 R 1B B i R e
(EXTIE

TR IE SN BROCEAT I — B S B, iZBAE 2019
7 AR R A E TS, PS5 0N 0+4416—0+450.

RGN ZIE B REE, SR FH % B VAT
ZACHEAT TR, AR LB s . R
300K 3 T AN KSR T AT B T 2-d 2R EEAT IR W
GERRBE, 1ZIRHURAA PR AR, HE A R B R A
80~160 Q-m. 7E/K AL E 3~9 m [VEH, M2~
0.5~2.5 m X3RN, BERHBHZ S, HFHREAE
300 Qm A, FEAKPALE 9~28 m [WVEH], iz
T 0~3 m, BARHEERMmK, B EHE%EE 60~
150 Q-m, HIWH & FH X N BE LS R 8 1E -

(2) HARM SR

R 1 25 5 PRI &5 E AT KA 6~24 m
BEATB B I, VRS a8 AR 5 7 U Nk
FERR . 55— BB E N2 I, RS RN EE Bk
FERR, P RSCREAR BT EE, 3 =R RN,
Xof 5 — BRI AT SR TR S, IR RN TR 0 [ SR
FHERAR IR B S AT I T, Wi 18, K T &8 ik
I R B R EFE R 2 em, PiiSHS S IR FE A 8 m.

Biystliit Toem 2 dJ5, [FIRERF & 5 ykqe
Jor T DR T 8 57 % s SR 7 v 4 I [ SR AT T R
SGERRE, TEVEIRINGES, SEUN[E A H B 2 B
e SRS 2 BT SE RAR L, SR P
M 150 Q@ m KA FTHE] 200 Q-m 24, 7EKTALE
0~12m#ib, FFEF 0.5~5m (TGN, HEFERTT
2500 Qm Ay, BRI SR B
4.4 BEMFEARHRNAREER

T $ (0 B2 B TR 4 7 iy ) S S o e )
Tk KRR TRME RSS2 M E 248, LA
KIS A BT T oRTE N .

TR A PRI RS i B S R B R i AL 5
T PH L 55 P AR B — T B AT TOoRVE RN A, W
22,



1324 "+ T OB % M

2022 4E

(a) W BT H %

22 FA R L TR
Fig. 22 Quick rescue by large-sized geotechnical cloth in dike of

(b) FEPEFBOR

Yellow River

.

5 & B

et e AR5 TR R R SR 5 4L R 5
TR, A S Tk AR W B 5
TR TE R T IR “ 2 R I AL S5 2
HRHRI J 7 230 W AR 4% 7 T AT H S TR 7
UKL, BT FAEYT S5 B AR T AT 2 75
EONIRIT, ZULIE 4 4RI 230 2B T ARIA S
BFSC, T E BB SR 7 S0 s L S 2 5 B L2
SIS KU IR 5 22 AV AR BT RN B, DA A
AR TS 55 4% PSR B BRI 5 L R R
PSS 4 AR 2 I S8 S B AR RIS B TR
LA A ERARS RRHARIR RETOE, I
HA S B . ASCRIE AR T %0 E (S
S FEAR T 7 /7T ) 2 AT 0 IR SR AIAR 5 B PR 7% 16 4
AL

F TSR AR Ze e, WA R F R M B A
SIS, AR TRI R B IG B Pk, s ik
CHOR RS, HRIETT R A i 7 — e
ST IR W2 , SIS T 13 B R 1) SR P
SEA 5 A RN TREH AR N R 4E5% 77

F—J5i, HTARYI TR ARG EOBI AT, &
B 52 H R/, A ARt % SR (5 T AR
FIBF RS, ReSLiE £ FT2 5800 TRIE
YA TR H BRI I S AR B 54T 3

BUOOW: kRN T H S8 A TR A PR A R 1 5
A RGN AT LS AT H B FE ) 2 R RHT
5 TREBORN T Rl O =) s 2m . AVRIEEE . EIRH
B BEHIR. TREEUR. MEBEER. SitAEHE. KX
& G PSUNPNITE VA L ZIlE B

SE -

(1] R NRILMEARFIE. N RICEE XS R, 5
IR KR E AR M. et T E KR R,
2013. (Ministry of Water Resources, P.R.China, National
Bureau of Statistics, P.R.China. Bulletin of First National

Census for Water[M]. Beijing: China Water Power Press,
2013. (in Chinese))

[2] Hhe N RSLAE KRR, 2019 454 KH KR g AR
M]. dbgt: A EZKFZK B AR FE, 2020. (Ministry of Water
Resources, P.R.China. 2019 Statistic Bulletin on China Water
Activities[M]. Beijing: China Water Power Press, 2020. (in
Chinese))

3] WAHN, REHM, Ta% HEEFERBARGRD]. AR
KA, 1999, 30(10): 15-16, 50. (BAO Cheng-gang, WU
Chang-yu, DING Jin-hua. Dike construction technology and
development in China[J]. Yangtze River, 1999, 30(10):
15 - 16, 50. (in Chinese))

[4] SE%E, R, RIRE. RRSEE SR 1 Bt T4 i &
HREM ). KITR2ERRE ], 2019, 36(10): 11 - 18.
(WU Ai-qing, ZHOU Hua-min, WU Qing-hua. Levees in
Europe and United States: characteristics and comparison
with China[J]. Journal of Yangtze River Scientific Research
Institute, 2019, 36(10): 11 - 18. (in Chinese))

[51 Kk, REFH, MR, & RENE TP hE R
BRI A L[], I RMERE BT, 2001, 18(5):
56 - 60. (ZHANG lJia-fa, WU Chang-yu, LI Sheng-chang, et
al. Seepage control efficiency and application conditions of
cut-off wall used for dyke reinforcement[J]. Journal of
Yangtze River Scientific Research Institute, 2001, 18(5):
56 - 60. (in Chinese))

[6] G852, RES, FHER, . AL SRS T R
XHFSERT SR )], AR, 2001, 32(5): 15 - 16, 36.
(WU Ai-qing, WU Zhi-guang, YIN Jian-min, et al
Construction of the cut off wall with drilling grouting method
applied in the dike of Poyang lake region[J]. Yangtze River,
2001, 32(5): 15 - 16, 36. (in Chinese))

(71 KxK K, RES, WEE, & 2RI RS IET3
AL, KATRRERE TR, 2000, 17(4): 38 - 40, 44.
(ZHANG lia-fa, WU Zhi-guang, XU Ji-jun, et al. Analyses
on effectiveness of relief wells for Anqing Dyke[J]. Journal
of Yangtze River Scientific Research Institute, 2000, 17(4):
38 - 40, 44. (in Chinese))

[8] ol JUIT KT 35, L9 3t  Z R[] NRKIT, 1998,
29(11): 4 -7, 49. (YANG Cuang-xu. Emergency closure of
dike breach at Jiujiang reach of Yangtze River[J]. Yangtze
River, 1998, 29(11): 4 - 7, 49. (in Chinese))

[91 SKAIZ, EFF, SKEFIE MEHUR R OB T R MR
BRI R (D). HE T B R, 2014, 43(12): 26 - 28, 83.



7

BR%IG, A SEBTIE IR e PR I L B 2B R R &

1325

[12] (R4, &2, %

[13] Al'E %, &

[14] # %,

(ZHANG Li-rong, YAN Kuang-ning, ZHANG Hai-ying.
Emergency rescue scheme and key technology measures of
Changkai dike crevasse sealing[J]. Construction Technology,

2014, 43(12): 26 - 28, 83. (in Chinese))

[10] BB, FEE QB HRIBHE “ SR epL] 5i

RRPUE IR L2 N S S R R A B E P RS
[R]. Jbxt: o 21 A URRE L, 2022, (WU Ai-qing.
Self-Evaluation Report of the National Key R&D Program of
China of “Dike Risks Evolution Mechanism, Hidden Danger
Rapid Detection and Emergency Rescue Technology
Equipment”[R]. Beijing: The Administrative Center for
China’s Agenda 21, 2022. (in Chinese))

(1] ARHEF, BOLE. WL RIR G B 22 S s K 2 M D).

KFIERI S BT, 2019(9): 41 - 44, 156. (REN Zeng-ping,
PAN Guang-yi. Analysis on type and formation cause of
dangerous conditions in Raojing section of Huaibei Daml[J].
Water Resources Planning and Design, 2019(9): 41 - 44, 156.
(in Chinese))

B MEJLRIRIA T BRI T M
KAL), KRR TR, 2020, 39(3): 27 - 30.
(REN Zeng-ping, JIN Xi-wu, LI Kun. Type analysis and
cause study of risks at lower part of Wo river of Huaibei
levee[J].
Engineering, 2020, 39(3): 27 - 30. (in Chinese))

W, B, S S CRARTLIR R Y
KRG HT I KRR BeE, 2020(11): 117 - 119. (SI
Fu-an, LI Kun, DUAN Shi-wei, et al. Analysis on the types

Design of Water Resources & Hydroelectric

and causes of danger prevention of the second Songhua River
dyke[J]. Water Resources Planning and Design, 2020(11):
117 - 119. (in Chinese))
Zoeh, BB MABRVIIRIG S TRE BT A 5
PN ARKIT, 2019, 50(3% T 2): 76 - 79. (HAI Zhen,
LI Hui-zhong, LIANG Liang. Analysis and assessment on
engineering geology of dangerous situation in Zongyang

Yangtze River Embankment[J]. Yangtze River, 2019, 50(S2):
76 - 79. (in Chinese))

(151 & 25, S5k, JikR, 55 R0 TRR B 2 2

WITVET]. KITRERBEBER, 2019, 36(10): 79 - 84. (ZHAO
Xin, MA Gui-sheng, WAN Yong-liang, et al. A safety
assessment method for seepage flow in dyke foundation[J].
Journal of Yangtze River Scientific Research Institute, 2019,

36(10): 79 - 84. (in Chinese))

(16] /7R, sEtagy, T, & FETEY HEOR SRk

J7 B A TR R WAL 0], KRR, 2021,

[17]

[18]

[19]

[20]

[21]

[22]

[23]

52(12): 1482 - 1497. (NI Xiao-dong, KOU Heng-qi, ZUO
Xiang-yu, et al. Research on meso mechanism of piping
based on transparent soil technology and particle flow
method[J]. Journal of Hydraulic Engineering, 2021, 52(12):
1482 - 1497. (in Chinese))

Bz, BRI, IKMA, & ETFHEOLCHE SUO6H
T TR I 3 B AR N 0], A A S TR
%, 2021, 40(6): 1287 - 1296. (GU Jing-yun, LUO Yu-long,
ZHANG Xing-jie, et al. A suffusion visualization apparatus
based on planar laser induced fluorescence and the
application[J]. of Rock
Mechanics and Engineering, 2021, 40(6): 1287 - 1296. (in
Chinese))

Bk, R, KA, % T DEM-CFD & i
ot 0 U0 A AR B A (). K BBV RL 2, 2021, 39(2):
64 - 68. (FAN Ru-yu, LUO Yu-long, ZHANG Xing-jie, et al.

preliminary Chinese Journal

Study on suffusion mesoscopic numerical model based on
DEM-CFD method[J]. Water Resources and Power, 2021,
39(2): 64 - 68. (in Chinese))

LUO Y L, LUO B, XIAO M. Effect of deviator stress on the
initiation of suffusion[J]. Acta Geotechnica, 2020, 15(6):
1607 - 1617.

MR, RIKWE, TR, 5. Ed R LSRR
RIS S A TR B W TE (0] KR S SRR AR,
2020, 18(4): 165 - 170. (LIU Hong-chen, WU Qing-hua, SU
Huai-zhi, et al. Experimental study on piping considering

cover layer and its contact surface with sand layer

characteristics[J]. Journal of Water Resources and
Architectural Engineering, 2020, 18(4): 165 -170. (in
Chinese))

FEREAR, B 5%, BREbRA, 5. AKULT5 SR A8 T R 155 Ak
PRl AT RS R FE[T]. KA HLERAR, 2021, 42(1): 54 - 58.
(CUI Hao-dong, LU Qi, CHEN Jin-song, et al. Causes
analysis of typical piping dangers of main levees of Yangtze
River and countermeasures[J]. Express Water Resources &
Hydropower Information, 2021, 42(1): 54 - 58. (in Chinese))
ELLHE, BRER, AR TRE, S R IOKALEKTE AR AR
IR AL )], A RICIT, 2021, 52(8 1) 2): 15 - 20.
(YUE Hong-yan, LU Qing-biao, ZHU Yong-hui, et al.
Experimental study on influence of river bank slope water
level fluctuation on bank collapse[J]. Yangtze River, 2021,
52(S2): 15 - 20. (in Chinese))

ERHR, TERALHE, A TRE, S KA AR F 0 R I8 i A
IR M [T]. IR 2= BB, 2021, 38(5): 11-16. (LU



1326 A= T

T

(=}

2 2022 4F

[27] E/Fe, HBES, &

Qing-biao YUE Hong-yan, ZHU Yong-hui, et al. Influence of
water level change rate on riverbank collapse[J]. Journal of
Yangtze River Scientific Research Institute, 2021, 38(5):
11 - 16. (in Chinese))

(23] BIRHR, ELLHL, KB, S AKOLAR M A0 T 3E

)R W [J]. KT RF 22 BE B i, 2021(5): 11-16. (LU
Qing-biao, YUE Hong-yan, ZHU Yong-hui, et al. Influence
of water level change rate on riverbank collapse[J]. Journal of
Yangtze River Scientific Research Institute, 2021(5): 11 - 16.
(in Chinese))

[24] PRI, WEAKES, BATEE. SRIURE F fich o R A A 20 23

o). o B KR K B R 22 0 5 B A i, 2021, 19(2):
276 - 280. (SUN Dong-ya, YAO Qiu-ling, ZHAO Xue-ying.
Analysis of failure modes of conduits through embankment
dams due to contact erosion[J]. Journal of China Institute of
Water Resources and Hydropower Research, 2021, 19(2):
276 - 280. (in Chinese))

[25] BRI, SR, FRBHE, S SRPIS KIRE 5

HAT R B EPRSRE, 2021, 318): 1-6.
(CHEN Qi-gang, ZHANG Da-wei, WANG Zhong-xiang, et
al. Progress in flow characteristics and closure technology of
dike breaches[J]. China Flood & Drought Management, 2021,
31(8): 1 - 6. (in Chinese))

[26] TZdh, & M, A@T7. 2 TRAIAEIR KRR % 4

IHTTNEERA[]. KITREABE LR, 2019, 36(10): 66 - 72,
78. (DING Jia-yi, CAI Wei, ZHOU Jian-fang. Safety analysis
methods for levees based on stochastic mechanics: a
review[J]. Journal of Yangtze River Scientific Research
Institute, 2019, 36(10): 66 - 72, 78. (in Chinese))

. FE T IE A ER R 2 I 2% 1) 32
W7 1T AR TR LT L ()], KITARR#BERE AR, 2019,
36(10): 89 -93. (WANG Xiao-bing, XIA Xiao-zhou,
ZHANG Qing. Reliability analysis on anti-sliding stability of
levee slope based on orthogonal test and neural network[J].

Journal of Yangtze River Scientific Research Institute, 2019,

36(10): 89 - 93. (in Chinese))

[28] DING J Y, ZHOU J F, CAI W, et al. A modified hybrid

algorithm based on black hole and differential evolution
algorithms to search for the critical probabilistic slip surface

of slopes[J]. Computers and Geotechnics, 2021, 129: 103902.

[29] /0T, EESIR. BIEREUE AN B B E Y

Wi BB B[], ITRE A BERedi, 2019, 36(10): 49 - 52,
58. (LI Shao-long, CUI Hao-dong. Numerical simulation on

effect of spatial variability of soil permeability on seepage

[32] i, 2BHaIK, B

[34] 5k fi, &

[35] ThE¥s, BRkk H

stability of levee foundation[J]. Journal of Yangtze River
Scientific Research Institute, 2019, 36(10): 49 - 52, 58. (in
Chinese))

[30] XU, JEHEUK, TR, 5. FEAMERT RS E B0 &

SR EMRRD]. KITREARERE R, 2019, 36(10): 53 - 58.
(LIU Gao-feng, GONG Yan-bing, WANG Hui-min, et al.
Current situation of levee risk management abroad and its
implications to China[J]. Journal of Yangtze River Scientific

Research Institute, 2019, 36(10): 53 - 58. (in Chinese))

[31] ZEHUK, Bdri, Wl 55 2T HdE K-means K

(B R T R FA 0 RITIEN]. Stk SR, 2018,
34(20): 47 -49. (GONG Yan-bing, YANG Shu-xin, DAI
liang-liang, et al. Stage division of flood disaster based on
data field K-means clustering method[J]. Statistics &
Decision, 2018, 34(20): 47 - 49. (in Chinese))

ff. BT R G AT oK
DA 25 6 B SRAE SRS E TU )], DI KRR (T A
B, 2020, 22(3): 66 - 73, 107. (LIU Gao-feng, GONG
Yan-bing, HUANG lJing. Research on resilient strategies of
urban flood risk comprehensive management from the
perspective of river basin system[J]. Journal of Hohai

University (Philosophy and Social Sciences), 2020, 22(3):
66 - 73, 107. (in Chinese))

[33] CAO W W, YANG Y, HUANG J, et al. Influential factors

affecting protective coping behaviors of flood disaster: a case
study in Shenzhen, ChinalJ].
Environmental Research and Public Health, 2020, 17(16):
5945.

International Journal of

W, BRSOk, S5 BT HRIE PR T
AR BFRLTHY SRR FE ()] WAL BEfE i, 2019,
36(10): 23 - 27. (ZHANG lJian, PAN Bin, CHEN Wen-long,
et al. Detection of deformation along Jingjiang segment of
Yangtze River dyke based on radar satellite time series
analysis technique[J]. Journal of Yangtze River Scientific
Research Institute, 2019, 36(10): 23 - 27. (in Chinese))

J5, 5. HLEK LiDAR $d 42 HURE,
TARRFAEAS BB PR R I [T]. P22 23R, 2021, 50(2):
203 - 214. (SHEN Ding-tao, QIAN Tian-lu, XIA Yu, et al. A
ring detection method for levee features extraction based on
airborne LiDAR data[J]. Acta Geodaetica et Cartographica
Sinica, 2021, 50(2): 203 - 214. (in Chinese))

[36] WIEIE, xR, 2= i, 55 JET GNSS/NS E#AM

Il 1T = 4 — A i 5 B R [7]. IR BEBe i,
2019, 36(10): 94 - 99. (FENG Guo-zheng, LIU Shi-zhen, LI



57 BRI,

S5 SRR S B

PR PRI B N 2B IR BOR B % 1327

[37] SiE, xR, BN,

[39] &5, ¥ 4, TEE %

[40] % [d, # JE, SFHE, 2

[41] k2B, # B, SFHE,

Yan, et al. A bank collapse monitoring technology integrating
3D land and water based on GNSS/INS tight coupling[J].
Journal of Yangtze River Scientific Research Institute, 2019,
36(10): 94 - 99. (in Chinese))

S5 BET R I 2 R R
GSHBHT]. KITRRERE R, 2019, 36(10): 100 - 103.
(MA Yao-chang, LIU Shi-zhen, FAN Xiao-tao, et al. Design
of detection parameters of multi-beam sounding system for
bank collapse survey[J]. Journal of Yangtze River Scientific

Research Institute, 2019, 36( 10): 100 - 103. (in Chinese))

[38] XUHPR, BE/NE, WEIE, 4. IACEN 2 03ER 5 RN

%Hﬁﬂﬂﬁﬂtﬁﬁm&%%%g’ém. KATREABE BT R, 2019,
36(10): 85 - 88, 93. (LIU Shi-zhen, FAN Xiao-tao, FENG
Guo-zheng, et al. Modern emergency monitoring technology
for bank collapse with high spatio-temporal resolution:
review and prospect[J]. Journal of Yangtze River Scientific
Research Institute, 2019, 36(10): 85 - 88, 93. (in Chinese))
. B AR R AR HEAL T T
[ KT B} 2 B B8 4, 2019, 36(10): 34 -38. (LUO
Deng-chang, HAN Xu, YU Qi-chao, et al. Standardization of
dyke engineering data[J]. Journal of Yangtze River Scientific
Research Institute, 2019, 36( 10): 34 - 38. (in Chinese))

S5, R EE A M A I ) B dh
T Ve Sk AR [ ﬁﬁmﬁzﬂuﬁ K&, 2019, 29(10):
79 - 82. (JIANG Yuan, HAN Xu, MA Dan-xuan, et al.
Optimization of data cleaning algorithm for similar duplicate
data detection[J]. Computer Technology and Development,
2019, 29(10): 79 - 82. (in Chinese))

5. MAKRBIEBIE S RS
B HSEII]. HEALEAR, 2021(9): 1-5. (YU Qi-chao,
HAN Xu, MA Dan-xuan, et al. Design and implementation of
streaming big data ETL System[J]. Computer Era, 2021(9):
1 - 5. (in Chinese))

T, B, AL, S SREETN R 2
R U 5 0] Jmlﬂszrﬁfn BE 4, 2019, 36(10):
45 - 48, 58. (NING Dan-mai, LUO Yu-long, ZHAN Mei-li, et
al. Sensitivity analysis on weights of main influence factors
of piping failure of dyke[J]. Journal of Yangtze River
Scientific Research Institute, 2019, 36(10): 45 - 48, 58. (in
Chinese))

[43] %, £ OB o\, SF AR TR

Bl BB R BTB MR T 5 PR (0], KITARE BB ik,
2019, 36(10): 180 - 184. (FENG Di, WANG Yuan, GAO

Shan, et al. Effectiveness of vertical anti-seepage body in

[44] GR/NRR, B A, 9k ), SE

[46] Z=3C8, HHER, IR,

[47] INKR), 2 %, SFE4E,

(48] AR, FMAHI, 2308, 55 BT

(511 FZEH, BREe, At 55 SRk

typical levee segment of Huaihe River drainage project:
analysis and evaluation[J]. Journal of Yangtze River
Scientific Research Institute, 2019, 36(10): 180 - 184. (in
Chinese))

. T GIS+BIM+IoT #(#48
AR SERT TR 2 B S T[], o ERA KR KA,
2022(1): 1 - 7. (RAO Xiao-kang, MA Rui, ZHANG Li, et al.
Study and design of dike engineering safety management
system based on GIS+BIM+IoT digital twin[J]. China Rural
Water and Hydropower, 2022(1): 1 - 7. (in Chinese))

(451 3 71, 5 Hy, (RGEEL SRE TR =S4T E EEOR

M]. R KITH pAL, 2021. (ZHANG Li, MA Rui, XU
Zhi-min. 3D Visualization Management Technology of Dike
Engineering[M]. Wuhan: Yangtze River Press, 2021. (in
Chinese))

8. KU B R v BH 2 K&
5% 7J<$$D”£%EE‘J7I‘H9€‘THH7L[J]. KA BE B4k,
2019, 36(10): 131 - 134. (LI Wen-zhong, XIAO Guo-qgiang,
SUN Wei-min, et al. Measurement of water content and its
correlation with compactness and resistivity of Yangtze River
embankment soil[J]. Journal of Yangtze River Scientific
Research Institute, 2019, 36(10): 131 - 134. (in Chinese))

S BT ARG R PR = 4R R
JCHEINBR B  B AR 4 T [J]. RS ALER, 2019, 43(4):
804 - 814. (SUN Da-li, LI Xiu, QI Yan-fu, et al. Time-lapse
characteristics  analysis of  hidden  dangers of
three-dimensional finite element levees based on unstructured
grids[J]. Geophysical and Geochemical Exploration, 2019,
43(4): 804 - 814. (in Chinese))

I3
B Ba BRI 3 R [J]. VTR 22 B BE 4k, 2019, 36(10):
157 - 160, 184. (SUN Wei-min, SUN Da-li, LI Wen-zhong, et
al. Technology of detecting dyke's hidden danger using
time-lapse high-density resistivity method[J]. Journal of
Yangtze River Scientific Research Institute, 2019, 36(10):
157 - 160, 184. (in Chinese))

[49] EDWARDS R N. The magnetometric resistivity method and

its application to the mapping of a fault[J]. Canadian Journal

of Earth Sciences, 1974, 11(8): 1136 - 1156.

[50] KOFOED V O, JESSOP M L, WALLACE M J, et al. Unique

applications of MMR to track preferential groundwater flow
paths in dams, mines, environmental sites, and leach fields[J].
The Leading Edge, 2011, 30(2): 192 - 204.

GRS HLpE = 4k 1E



1328 =

+ T O

¥R 2022 4F

[52]

[53]

[54]

B AL Kooy B (0] KT R 5 B B AR, 2019, 36(10):
146 - 150, 156. (ZHOU Li-ming, CHEN Zhi-xue, ZHOU
Hua-min, et al. Three-dimensional forward modeling and
analysis of transient electromagnetic for detecting
embankment's hidden danger[J]. Journal of Yangtze River
Scientific Research Institute, 2019, 36(10): 146 - 150, 156.
(in Chinese))

BN, ok 6, e, A BRI SRR IR
BRI ARKIT, 2020, 51(11): 209 - 213.
(SHENG Xiao-tao, ZHANG Wei, LI Shao-long, et al. Study
on dredging and washing technique of relief well in Yangxin
reach of Yangtze River main dyke[J]. Yangtze River, 2020,
51(11): 209 - 213. (in Chinese))

B, BN B B IR WP T[], K
TLRFEBE Bk, 2021, 38(6): 102 - 107. (TIAN Mi, SHENG
Xiao-tao. Plugging removal test of dike relief well based on
ultrasonic technology[J]. Journal of Yangtze River Scientific
Research Institute, 2021, 38(6): 102 - 107. (in Chinese))
BREE, RIKME, WARN, & —M B RN 5 K
FPUIE #5597 v CN109881625B[P]. 2020-07-10. (WU

[53]

[56]

[57]

Flood Prevention and Rescue China: CN109881625BJ[P].
2020-07-10. (in Chinese))

BREE, BN, RIRME, & — B AR N S0 T B
JEHEK 48 77 CN110130378B[P]. 2019-12-27. (WU
Ai-qing, SHENG Xiao-tao, WU Qing-hua, et al. A Novel
Drop Pressure-Drainage System and Method Based on the
Implantable Decompression Well China: CN110130378BJ[P].
2019-12-27. (in Chinese))

FEKHE, BR ML, & B, & — M T DR hei
PR B R G0 N 7. P Z1202010491729.9[P].
2019.8.6. (CHENG Yong-hui, CHEN Hang, XIONG Yong, et
al. A Rotary Rapid Energy Dissipation System and
Application Method for Closure of Breach. China:
71.202010491729.9[P]. 2019.8.6. (in Chinese))

FBRGE, M, AW, . R R A T
# S T ZEGHET). ARADR R EERE, 2020, 40(3): 68 - 71,
77. (GUO Cheng-chao, YANG Jian-chao, SHI Ming-sheng, et
al. Improvement of construction equipment and technology of
super-thin cut-off walls with polymer[J]. Advances in Science

and Technology of Water Resources, 2020, 40(3): 68 - 71, 77.

Ai-qing, WU Qing-hua, BAO Chen-gang, et al. A
Self-Stabilizing Equipment and Quick Build Method for (in Chinese))
. BmERS

DOI: 10.11779/CIGE202207001 —3TFEERITE]  +-ovovrreererrerrrrrererrererrtetetttetetttetttttetett et tteteettete ettt teetteteetteteettenee JEHE D
DOI: 10.11779/CIGE202207002 —STFEERITE]  ++ovevrrerrerrerrrrrererrererntetetttetttttetttttetett et tteteette e e tte e e tteteetteteentenee JEHE D
DOIL: 10.11779/CIGE202207003 —3CTEEEFFE]  +++veeeereererrrerersrermmemeettetettteteetteteettetee ettt et tte et eteereteeeeee e =)
DOIL: 10.11779/CIGE202207004 —3TTEEBFFE]  +++veeeerrererrrerersrermmemeettttettteteetteteetteteetteaetttesetttesetete et eteeeene e J5H#E 3)
DOI: 10.11779/CIGE202207005 —STFEERITE]  ++ovovrreererrerrrrreserrererrtetetttetettietttttetett et tteteettete ettt teetteteetteteettenee (JEHE 6)
DOIL: 10.11779/CIGE202207010 —3TTEEHRE]  +++eerereeerereerrereerrneeeetmeeettteetttttttttteetetteetteteetteteette e e tteteentereentenes #H3)
DOI: 10.11779/CIGE202207011 —3LFERIEE]  --vvvvvvevenmresennmmnnnroesonseere s s s s s s re s s s s e e H3)
DOIL: 10.11779/CIGE202207012 —3TTEEBHRE]  ++-eerereeerereerrereerrmeeeetmeettttetttttettttteetet et ttete ettt e e tte e e tteteentereenteses (H 4
DOIL: 10.11779/CIGE202207013 —3CTEEHRE]  ++-eerereeerereerrereerrmeeeetmeeettteettttettttteetet et ittt ettt e ettt teetteteetteteentenes (HH 4





