53 4 Vol.53, No.4

2022 7 OCEANOLOGIA ET LIMNOLOGIA SINICA Jul., 2022
*
1 1,2 pr 1 1
Y72}
(1. 210098; 2.
710065)
TV149.1 doi: 10.11693/hyhz20211100302
s : 1 800 m, s
(Zhang et al, 2016; Chen et al, 2017) ( , 2003; S
(Chen et al, 2012) 2008; , 2017, , 2021),
(Kleinhans et al, 2009) (Mariotti et al, 1 ,
2013), ( 60 1 600 km,
) ( , 37.6% ( , 2016; ,
2016) s 2021) ) )

> > B

80% (Simon et al, 2000)
(Ichoku et al, 1994,

,2016) R
(Fagherazzi et al, 2012; Lanzoni et al, 2015) (
: ) ,
Q) ( ); (2) ,
( ) (Rinaldi et al, 2007)
R s 2015 R
* , 51925905 , , , E-mail: gongzheng@hhu.edu.cn

: R , E-mail: keyu wang97@163.com
:2021-11-29, :2022-01-21



53

798
1
Fig.1 Cantilever formed by surface flow and its toppling failure
s a. ;b S (Samadi et al, 2013)
& = ka(to—7c). (3)
( ,
2014) >
1
1.1
(1989) >
(1995)
, ( » 1986) ’
l (2011) 2 28
P =M(T—b—l] , (1) ,
TC
' (
& , m/s; T, ,
Pa; 7, , Pa; M ),
’ s, ( ),
%
S ; ! 1.2
TB
(1990) >
, (Hanson et al, 2001): :
E=kiA(zyz,), ) (2017) (
, E , m/s; kg ) ,
, m3/(N-s); At , S; To s )
> Paa TC ) 9

Pa, : > s >



799

1.3
; ( )
( ,2007)
Krone(1999)
(2007)
( ,2007)
1.4
@ & ,
> kdza'ch
, a b Hanson  (2001)

k=2x10"7,°%; Wynn

(2004)
142 ,
kg=3.1x
10 %7,%Y7; Karmaker (2011)
58 )
k=3.1x
10 ¢, %, (2014)
kq=T.677%
107671949
a b
, Karmaker
(2014) C.=24.6%, Hanson Wynn
Karmaker C. 50% 5

> >

2
, Hanson Wynn Karmaker

, Hanson , Wynn Karmaker

s s Hanson Wynn

>

(Aldefae et al, 2020),



800 53

2 (Shu et al, 2019)
2.1
’ (Fox et al, 2006,
Hagerty  Fox 2007; Lindow et al, 2009; Karmaker et al, 2013)

’ L (1) ;
’ (2) ;(3)
5 5 2 FOX
(Hagerty et al, 1991; Fox et al, 2010) , (2007) i
(Simon et al, 2000; Darby et al, 2007;
Rinaldi ef al, 2008, 2013) , ,
, (Midgley et al, 2013)
(Fox et al, 2014)
2
Fig.2 Using lysimeter to simulate the process of bank erosion under the action of seepage
(Fox et al, 2010)
, (Fox et al, 2007; Patsinghasanee et al, 2017) R

, SLOPE/W

>

(Fox et al, 2007) Chu-Agor



801
(2008) Fox (20006) (Owoputi et al, 2001)
s s Samadi (2013)
Patsinghasanee
2.2 (2017) U-Tapao
(1) ; ,
(Fox et al, 2014) , Thi  (2019)
(Khanal et al, 2020) s ,
2) (Fox et al, 2014) , ,
, « 7 , Aldefae  (2021)

Van Eerdt(1985)  Gabet(1998)
(Chu-Agor et al, 2008)

) Ginsberg  (1990)

>

, ) Zhao
) (2020) ;
, (Deng et al,
2019) R R Zhang  (2021)
(Fox et al, 2006; Al-Madhhachi et al, 2011) )
3) (Fox et al, 2014) (Wolman, 1959; Thorne, 1982; Lawler
) ( et al, 1997) ,
) , ,
(Chu-Agor et al, 2008) (Darby et al, 2007) ,
2.3 )
( ,
) , (Fox et al, 2010;
(Fox et al, 2006) Karmaker et al, 2013; Thi et al, 2019)

) ( ) , (Ning et al, 2011)

>



802

53

( » 2019),

bl >

(Ning et al, 2011)

(Coco et al,
2013),

(Hibma et al, 2004; De
Swart et al, 2009; Bendoni et al, 2014),
(Zhang et al,
2016); (Bendoni et
al, 2014), , ,
(Bayliss-Smith et al, 1979)
Xin  (2011)

> >

(D’Alpaos et al,
2006) Simon (2000)

( ,
2013; , 2020),
(Francalanci et al, 2013)
(Masoodi et al, 2019) ,

S (D
; (2) ; 3)

()

Q)

3)

(1)



803

, , , 1990.
1. (4): 62-69.
, , ., 2020.
1. ,
45(5): 13-19.
, 2017. 1.
(11): 143-147, 154.
, , ., 2017
1. , 38(11): 6-14.
, , ., 2019.
1. , 40(1): 42-47.
, , ., 2016.
1. (
), 44(2): 178-188.
., , ., 2011. .
(3): 44-48.
, , , 1995,
[J]. (3): 20-26.
, , 2008. [M].
, , , 2021.
(1. ,29(1): 55-63.
, , ., 2014
(1. , 25(4): 567-574.
, , , 2003.
— 1 (1.
, 14(4): 389-395.
, , ., 2013.
[J]. , 24(6): 810-820.
, 1989.
[J]. (1): 61-70.
, , 1986. 1.
(4): 73-82.
, , , ., 2021
— 1. )
32(5): 717-726.
, , , 2007.
1. ( ), 40(1): 25-28.
, , 2016. 2016
[J]. (21): 10-11, 16.

ALDEFAE A H, ALKHAFAIJI R A, 2021. Experimental and
numerical modeling to investigate the riverbank’s stability
[J]. SN Applied Sciences, 3(2): 164.

ALDEFAE A H, AL-KHAFAJI R A, SHAMKHI M §, et al, 2020.
Erosion, sediments transport and riverbank stability: a
review [J]. IOP Conference Series: Materials Science and
Engineering, 901: 012014.

AL-MADHHACHI A T, HANSON G J, FOX G A, et al, 2011.
Measuring erodibility of cohesive soils using laboratory jet
erosion tests [M] // BEIGHLEY II R E, KILLGORE N W.
World Environmental and Water Resources Congress 2011.
Palm Springs, California, United States: American Society

of Civil Engineers.

BAYLISS-SMITH T P, HEALEY R, LAILEY R, et al, 1979.
Tidal flows in salt marsh creeks [J]. Estuarine and Coastal
Marine Science, 9(3): 235-255.

BENDONI M, FRANCALANCI S, CAPPIETTI L, et al, 2014.
On salt marshes retreat: experiments and modeling toppling
failures induced by wind waves [J]. Journal of Geophysical
Research: Earth Surface, 119(3): 603-620.

CHEN X D, ZHANG C K, PATERSON D M, et al, 2017.
Hindered erosion: the biological mediation of noncohesive
sediment behavior [J]. Water Resources Research, 53(6):
4787-4801.

CHEN Y, THOMPSON C E L, COLLINS M B, 2012. Saltmarsh
creek bank stability: biostabilisation and consolidation with
depth [J]. Continental Shelf Research, 35: 64-74.

CHU-AGOR M L, FOX G A, CANCIENNE R M, et al, 2008.
Seepage caused tension failures and erosion undercutting of
hillslopes [J]. Journal of Hydrology, 359(3/4): 247-259.

COCO G, ZHOU Z, VAN MAANEN B, et al, 2013.
Morphodynamics of tidal networks: advances and challenges
[J]. Marine Geology, 346: 1-16.

D'ALPAOS A, LANZONI S, MUDD S M, et al, 2006. Modeling
the influence of hydroperiod and vegetation on the
cross-sectional formation of tidal channels [J]. Estuarine,
Coastal and Shelf Science, 69(3/4): 311-324.

DARBY S E, RINALDI M, DAPPORTO S, 2007. Coupled
simulations of fluvial erosion and mass wasting for cohesive
river banks [J]. Journal of Geophysical Research: Earth
Surface, 112(F3): F03022.

DE SWART H E, ZIMMERMAN J T F, 2009. Morphodynamics
of tidal inlet systems [J]. Annual Review of Fluid Mechanics,
41:203-229.

DENG S S, XIA J Q, ZHOU M R, 2019. Coupled
two-dimensional modeling of bed evolution and bank
erosion in the Upper JinglJiang Reach of Middle Yangtze
River [J]. Geomorphology, 344: 10-24.

FAGHERAZZI S, KIRWAN M L, MUDD S M, et al, 2012.
Numerical models of salt marsh evolution: ecological,
geomorphic, and climatic factors [J]. Reviews of Geophysics,
50(1): RG1002.

FOX G A, CHU-AGOR M L, WILSON G V, 2007. Erosion of
noncohesive sediment by ground water seepage: lysimeter
experiments and stability modeling [J]. Soil Science Society
of America Journal, 71(6): 1822-1830.

FOX G A, FELICE R G, 2014. Bank undercutting and tension
failure by groundwater seepage: predicting failure
mechanisms [J]. Earth Surface Processes and Landforms,
39(6): 758-765.

FOX G A, WILSON G V, 2010. The role of subsurface flow in
hillslope and stream bank erosion: a review [J]. Soil Science
Society of America Journal, 74(3): 717-733.

FOX G A, WILSON G V, PERIKETI R K, et al, 2006. Sediment
transport model for seepage erosion of streambank sediment
[J]. Journal of Hydrologic Engineering, 11(6): 603-611.



804

53

FRANCALANCI S, BENDONI M, RINALDI M, et al, 2013.
Ecomorphodynamic evolution of salt marshes: experimental
observations of bank retreat processes [J]. Geomorphology,
195: 53-65.

GABET E J, 1998. Lateral migration and bank erosion in a
saltmarsh tidal channel in San Francisco Bay, California [J].
Estuaries, 21(4): 745-753.

GINSBERG S S, PERILLO G M E, 1990. Channel bank
recession in the Bahia Blanca estuary, Argentina [J]. Journal
of Coastal Research, 6(4): 999-1010.

HAGERTY D J, 1991. Piping/sapping erosion. I: basic
considerations [J]. Journal of Hydraulic Engineering, 117(8):
991-1008.

HANSON G J, SIMON A, 2001. Erodibility of cohesive
streambeds in the loess area of the midwestern USA [J].
Hydrological Processes, 15(1): 23-38.

HIBMA A, STIVE M J F, WANG Z B, 2004. Estuarine
morphodynamics [J]. Coastal Engineering, 51(8/9): 765-778.

ICHOKU C, CHOROWICZ J, 1994. A numerical approach to the
analysis and classification of channel network patterns
[J].Water Resources Research, 30(2): 161-174.

KARMAKER T, DUTTA S, 2011. Erodibility of fine soil from
the composite river bank of Brahmaputra in India [J].
Hydrological Processes, 25(1): 104-111.

KARMAKER T, DUTTA S, 2013. Modeling seepage erosion and
bank retreat in a composite river bank [J]. Journal of
Hydrology, 476: 178-187.

KHANAL A, FOX G A, GUERTAULT L, 2020. Soil moisture
impacts linear and nonlinear erodibility parameters from jet
erosion tests [J]. Transactions of the ASABE, 63(4): 1123-1131.

KLEINHANS M G, SCHUURMAN F, BAKX W, et al, 2009.
Meandering channel dynamics in highly cohesive sediment
on an intertidal mud flat in the Westerschelde estuary, the
Netherlands [J]. Geomorphology, 105(3/4): 261-276.

KRONE R B, 1999. Effects of bed structure on erosion of
cohesive sediments [J]. Journal of Hydraulic Engineering,
125(12): 1297-1301.

LANZONI S, D'ALPAOS A, 2015. On funneling of tidal
channels [J]. Journal of Geophysical Research: Earth
Surface, 120(3): 433-452.

LAWLER D M, THORNE C R, HOOKE J M, 1997. Bank
erosion and instability [M] // THORNE C, HEY R,
NEWSON M. Applied Fluvial Geomorphology for River
Engineering and Management. New York: John Wiley and
Sons Ltd: 137-172.

LINDOW N, FOX G A, EVANS R O, 2009. Seepage erosion in
layered stream bank material [J]. Earth Surface Processes
and Landforms, 34(12): 1693-1701.

MARIOTTI G, FAGHERAZZI S, 2013. Critical width of tidal
flats triggers marsh collapse in the absence of sea-level rise
[J]. Proceedings of the national Academy of Sciences,
110(14): 5353-5356.

MASOODI A, TABATABAI M R M, NOORZAD A, et al, 2019.
Riverbank stability under the influence of soil dispersion

phenomenon [J]. Journal of Hydrologic Engineering, 24(3):
05019001.

MIDGLEY T L, FOX G A, WILSON G V, et al, 2013.
Seepage-induced streambank erosion and instability: in situ
constant-head experiments [J]. Journal of Hydrologic
Engineering, 18(10): 1200-1210.

NING B, WU S Q, TAN Y F, et al, 2011. Coupling effect of
seepage flow and river flow on the bank failure [J]. Journal
of Hydrodynamics, 23(6): 834-840.

OWOPUTI L O, STOLTE W 1J, 2001. The role of seepage in
erodibility [J]. Hydrological Processes, 15(1): 13-22.

PATSINGHASANEE S, KIMURA 1, SHIMIZU Y, et al, 2017.
Cantilever failure investigations for cohesive riverbanks [J].
Proceedings of the Institution of Civil Engineers - Water
Management, 170(2): 93-108.

RINALDI M, DARBY S E, 2007. 9 Modelling river-bank-
erosion processes and mass failure mechanisms: progress
towards fully coupled simulations [J]. Developments in
Earth Surface Processes, 11: 213-239.

RINALDI M, MENGONI B, LUPPI L, et al, 2008. Numerical
simulation of hydrodynamics and bank erosion in a river
bend [J]. Water Resources Research, 44(9): W09428.

RINALDI M, NARDI L, 2013. Modeling interactions between
riverbank hydrology and mass failures [J]. Journal of
Hydrologic Engineering, 18(10): 1231-1240.

SAMADI A, AMIRI-TOKALDANY E, DAVOUDI M H, et al,
2013. Experimental and numerical investigation of the
stability of overhanging riverbanks [J]. Geomorphology, 184:
1-19.

SHU A P, DUAN G S, RUBINATO M, et al, 2019. An
experimental study on mechanisms for sediment transformation
due to riverbank collapse [J]. Water, 11(3): 529.

SIMON A, CURINI A, DARBY S E, et al, 2000. Bank and
near-bank processes in an incised channel [J]. Geomorphology,
35(3/4): 193-217.

THI T D, DO MINH D, 2019. Riverbank stability assessment
under river water level changes and hydraulic erosion [J].
Water, 11(12): 2598.

THORNE C R, 1982. Processes and mechanisms of river bank
erosion [M] / HEY R D, BATHURST J C, THORNE C R.
Gravel Bed Rivers. New York: Wiley: 227-271.

VAN EERDT M M, 1985. Salt marsh cliff stability in the
oosterschelde [J]. Earth Surface Processes and Landforms,
10(2): 95-106.

WOLMAN M G, 1959. Factors influencing erosion of a cohesive
river bank [J]. American Journal of Science, 257(3): 204-216.

WYNN T M, MOSTAGHIMI S, ALPHIN E F, 2004. The effects
of vegetation on stream bank erosion [C] American Society
of Agricultural and Biological Engineers. 2004 ASAE
Annual Meeting. Paper No0.042226. https://doi.org/10.
13031/2013.16423.

XIN P, YUAN L R, LI L, et al, 2011. Tidally driven multiscale
pore water flow in a creek-marsh system [J]. Water
Resources Research, 47(7): W07534.



4 : 805

ZHANG K L, GONG Z, ZHAO K, et al, 2021. Experimental and water on intertidal mudflats? [J]. Continental Shelf Research,
numerical modeling of overhanging riverbank stability [J]. 113: 10-20.
Journal of Geophysical Research: Earth Surface, 126(10): ZHAO K, GONG Z, ZHANG K L, et al, 2020. Laboratory
€2021JF006109. experiments of bank collapse: the role of bank height and
ZHANG Q, GONG Z, ZHANG C K, et al, 2016. Velocity and near-bank water depth [J]. Journal of Geophysical Research:
sediment surge: what do we see at times of very shallow Earth Surface, 125(5): e2019JF005281.

RESEARCH PROGRESS ON BANK EROSION OF TIDAL CHANNEL UNDER
COUPLED EFFECT OF SEEPAGE AND SURFACE FLOW

GONG Zheng', WANG Ke-Yu"?, ZHAO Kun', ZHANG Kai-Li'

(1. Jiangsu Key Laboratory of Coast Ocean Resources Development and Environment Security, Hohai University, Nanjing 210098,
China; 2. PowerChina Northwest Engineering Co. Ltd., Xi’an 710065, China)

Abstract The bank erosion of tidal channel can be divided into bank scouring by flow and bank collapse by gravity.
Previous studies have shown that flow velocity, water pressure, soil dry density, and other factors would affect the bed
scouring rate. However, the measurements of scouring rate of sidewall bank and related influencing factors need remain
unsolved. Previous studies paid more attention to the influence of surface flow on bank collapse, but less on seepage and
the coupled effect of seepage and surface flow on bank instability. Recent studies show that seepage play an important role
in the destabilization of tidal channel bank. In the future, the difference and similarity of bank erosion under different
dynamic actions of seepage and surface flow, and the destabilization mechanism of tidal channel bank under the coupled
effect of the two forces need to be explored.

Key words tidal channel; scour rate; bank erosion; seepage



