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Fig. 1 Schematic map of the Wanquan River Basin
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Fig. 2 Computational model grid partitioning and elevation distribution
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Fig. 3 Flow field of flood in Wanquan River estuary
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Fig. 4 Water level process at each monitoring point
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Fig. 5 Inflow and outflow of the Wanquan River
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Fig. 6 Sedimentation changes at the Wanquan River

Estuary and survey point layout
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Fig. 7 Elevation changes at various monitoring points

during flooding

Wit 5 T D O R, 1D S R B AR R B

HLE T 98 R 5 b i i 2 (A KBRS R
VEIIEL 6 Jr 75 (14 i B W i, o 7 S]] 30 43

N 3 BLE AT IR AR A 5 1 B Fe R M, K 2

0.20

S
o
7

0.10

VLR FE /(kg/m?)

=
&=

0.05

0.00
1980 1985 1990 1995

2010

2015

2000
I e /4

2005

E8 7 RiAnFRiL1980—2021 £ LNEFEHEHE

Fig . 8 Measured annual average sediment concentration at Jiaji Station of Wanquan River from 1980 to 2021



Poti, 5. 7

300 m; 55 2 B F A, K29 500 m; 26 3 Beoh A
HCHD A ), K29 400 m. 4% 5 3L K 6 A ]
DX B 1 ol R R DL 4 BEADLEE SRR W, N [ EE R
L ACHT A 0 phRNIR B 22 A K B 2.0 m A2
A 7 M 1 R Y T 05 A Sk 1 A T A
HEARRLEMR KIS X T4 R Bk, 7654
— UK RIREE R 1. 20 m, 10 4E—B LK i i

FHHEK Z 2,01 m, {HFf % it 7K 5 900 00 4k 2 45 55
(4N 50 4% — B F1 100 45— ) , il % B2 3 e fa 27
A E]2.18.2.30 mo X —BLR LR, Al EAY
IR 5 T8 TR O 9 4 25 I 1] 285 D10 RH G« Bl b e g
AR (A8 IO [R5 , AT AT BB B i 2 vl o
A LATA R AR T Uk 05 3 it 188 TOUUE 7K g 2 5% 1)
AT I T DAY L 11 T SRR R 3K

®3 FARBERTARAAONEE

Tab. 3 Width of Wanquan River Estuary gates under different scenarios

BTHR

T7 R T LUt A(m™s™")

58 B /m

2023 4F S (ALY AR {ED)

54F

S
TR

i

— 240
6 700 261
8 400 552
9700 663
11 600 993

*4 AEBEETARAOTHR
Tab. 4 Surge depth at Wanquan River Estuary gates under

different scenarios

a ks S % /m

. VIR ST R TR

it 0 O ik (E

&/(m”s™) L EM o

)

54— 6700 0.28 1.84 1.20

104F—i8 8 400 0.94 1.88 2.01

20 4F—if 9700 1.39 2.01 2.18

50 4F— il 11 600 2.05 2.08 2.30

3.4 SRR R XKL BRI S HT

R WA B R T e A OGBS e R 3R, S A it
TP ZEH A E AT E IR R e S it
Xof AKASE P B i LR
3.4.1 D HIERSEE

TSR A PR S bR AR b B 350 o 46 H
B AR AT U KA A B, S, AR SO E
AFPITE T K A T 0 46 58 B 0 300 8 8 N
50.100.,200.240 m (2023 4E5CM{H ) , 7K F B2 4%
FH 50 4F— 8, DL 40 B E 100 46 5 B 67K AL 1Y)

A

TE 50 4F — B HLK ST 4 F LALT H TN A
R AR R W 18 i o AKX EE 2 SR L2 5 2 4 11
IFERE 0 50 m I, 7T N SR K 235 4. 71 m, AHER
TR 08 B 240 m (15 IE 2855 0. 31 m; KAR R Ab
e KA R 6. 75 m, AL ZE R 0. 05 mo X RHT1T9)
GE AR UWNARNE Y A A T NP PNCR
KM UL T BORAES2ma 3/ o BRI RLACK , H 7]
B AETE A XA 11 DX By 1k B A — 5 5200, (H X 2R ik
PEAT X BB 32 I X A i DX I B I 2 4 B
AR

#5 REMEOITEEFAGITER R

Tab. 5 Comparison of water level calculation results at

different initial gate widths

m
IKAE
WA TE S -
T NN
50 4.71 6.75
100 4.59 6.73
200 4. 46 6.70
240 4.40 6.70




8 N ERERIT

3.4.2 #tE

T 5 30 Ao 5 10 2 T K A T o i) A K
HE TS WAl AT KA AT TR SR E ] o
U B SRR sSOK AL B BRI 23 A, 2R 3R T, 1
K 50 4F— B LI B 11 600 m¥/s | 1111490 43 5 i
240 m, {UR 3 H b 40 001520 11, 642 m? (i 22)
15. 542 m*(IEH ) (17. 34 m* (£ ) o FREFLTT 1)
HEAK S E 1T 98 B KOG RUK O LR 6, 45 R R
VH R X T 1] DA B iR S KA 5 1 A /N (8 B
NTFEET 011 m) , AR i 0 ) PR T il AN
FE G R 0 B 2 A W S 3 (EL R AT B 2 4
FALLEEY

®6 AEHEBTIHEKMAITEL

Tab. 6 Comparison of calculated water levels at different

flood discharges
FE K Kl
) SIS RPN PN
1 11.6 11 600 4.51 6.73
2 15.5 11 600 4.40 6.70
3 17.3 11 600 4.48 6. 69

4 BIEEIL
T AU TR , 255 7 R A s By O 22

PR R L E A A S RGP F AR, B2
XA AL

4.1 BT R

3 SR G S ) B b BT 3 S WL s — o KR
RAFLA LR, 5 ZAAR IR R RIS XA
BT FEIRIX 5 R R AR ORAR LR B9 1 X, 32 B
TRAPXT GO T W I8 o PR XSl By 4t A
[R50 [N 3R 4% 7, i 22 S 1 it o 4 o By it 3 B
TAE.

BEXS KR RAF LB X8, E 1T 400 46 B B2 X2 1X
SR KPR, PRI AE T 12 X 3 B 8t 3 BEATT
FUIS, L% 0 0 R T TR BIR BRI ] 25
PSR T T HERE ) 09 TR , O 25 B AE A
JEL L S I A A TR

Bl X KR KR LT BT T X 38k, AV 1T 3R
| K 1) BELK R8N 23 F T Wi 83 J1 i DX sl itk /K A6 5 7
B BK I ATHE X, B X AU e s
AR AR PRt B4 i R A e R 2 S AT R, LAY IX 3K
Yyt R AT U T BE EL DG K 7 . ST,
LT I IR A R F B L B AR A 3 et
3 ot L SR R — TR YA B G, 0 £ DX B T
T3 3K BN NF I 55 9 B BEARAE AR AR K 9 T A
IEE ST
4.2 FAMECRIIAEE

SRtk 25 4 F R A MR A AR E , XA
AN AR S SR Y R LR 4 R R, TR AL R
MR LR B I TR, 3 23 T2 4 R X R
Vo IR Sh AP . ELAT , PTam el i b i AR
WU, 5t 38 3t 3 ) V0 i a3 1, R s 3 3 PN V8 T
LR 1) AT X SR 32 5 ] A A i ST R A
PRI, 7™ e v K A f R PR S n &
YR VDI 2 R 5 WAL SR BN TR b 255 B
SEA T, 425 o7 4k 2R3 11X s 8 Vb wp IR P4, 4 5
TS R G SRR S R R .
5 g

AR SCHTF YK Bl S - P VO RE G AR B4 4y
BT 50 4F — i /K 2544 T J7 SR 30T H i 7K 3h 7 5 b
S AR AR B R T O] RS S A A HL
B R AT T A ) EEE A 1T R ) B
W] 5 IR T TR0 e B B A X AT R K A A
S

a) 50 4F— 8 K W31, A el R o R
F 1T P KA, 2 e B Tt AZ BEL, 1T N AR oK T E
W5 R 5 B i 6 A MR w0 W T ATt
RE Ty 1G58, KA ZE e 2, 11T TN R 358
Frtibga), Jevh E8H O sNER s I T B
PESIMIU ST 5 6 TR

b ) kK YT ) 7 SR AU 1T PR 4 i, bk 4
HR AR IR AR RIVE F T, RV ) N [y
BT E B RS, A T K 5 D [T Ut
PGSR AR A2, ARORBEE Ll Resim /b, &



ZBin

5. 9

TN K =P B R 1R 1l 0T 1 R b S R ME

RGP ]l B Y] 22 18 1 58 1Y 1
PFFIE o
A AN [+ B BT HE AR T 0170 538 o 4 e O

S UDNIT1E: A N E 2 R [V E S 2 o £ o5 S AP o et L T B
A2 Ty ), RIS P 0 7 e AN R L T T
I B, AT T 3 ol 3 e
d) F TR0 46 5 B AT I BK A7 5% i i 2, {5

Xof b i T B S e A BIR 5 kR[] I, ko Y
SELSY A2 E N

) 45 G I B Tk A3 IXRRAIE B A AR R AP 5
SR, EEUCHZES WS IR B R IBCH v 22 570 Hb I 17 Bl
?Mﬁ%%ﬂﬁﬁﬁLﬂwi 188 B U 1R 5 [
STIRONTR IR/ LS TBI= IR -0/ VR i N U
T, 4 & FAr M e 5 AERTRE .

£) 52 AL AR S AS NS B T R, A% SCHE T 5740
FJWF%@iffiqj,ﬂiX¢ﬂ£7E—ﬁ¥%9ﬁ%€?TFFH1<3§ﬁ§W&
Y [ 78 3 e R ASE AL, A, AR X VT 1 DX ) T A 1

ST ﬁﬁﬁﬁ%ﬁm£W§TWﬁFﬁﬁ
FEIT I BE— R
%3

[1] BondJ, Green A N, Cooper J A G, et al. Seasonal and episodic
variability in the morphodynamics of an ephemeral inlet, Zinkwazi
Estuary, South AfricalJ]. Journal of Coastal Research, 2013, 65
(1): 446-451.

[2] Bosboom J, Stive M. Coastal Dynamics I: Lectures Notes [ M ].
Delft: Delft University of Technology, 2012: 387-438.

[3] B, ZRICT Al . R & U7 S O S O 8 K
IR FRA TR ). MEPEERTSE,2012,30(3) :63-73.
Huang Baoxia, Gong Wenping, Wen Jing. Evolution of the Boao
tidal inlet, Hainan Provinceand calculation of the longshore
sediment transport [J]. Journal of Marine Sciences, 2012, 30
(3): 63-73. (in Chinese)

[4] Bradbury A P, Powell K A. The short term profile response of
shingle spits to storm wave action [ C]//Proceedings of the 23rd
International Conference on Coastal Engineering, Venice, Italy:
ASCE, 1992: 2694-2707.

[5] A, R, 450, 5 U Il—15 W) = b i
g R RAE L) ). VR B B

T e SR X 5 K
2007(8):14-18.

Li Guqi, Peng Jun, Cai Feng, et al. Response Characteristics of

Sandy Beach Geomorphology with Bar-lagoon Coastline to

Typhoons [J]. Marine Geology Letters, 2007 (8) : 14-18. (in
Chinese)

[6] Morton R A, Sallenger A H. Morphological impacts of extreme
storms on sandy beaches and barriers [J] . Journal of Coastal
Research, 2003, 19(3):560-573.

(7] EMER, Z5w0, BT R & /N 075 W) - 18194 38 18
SR KA T ] AR, 2003 (2) 1 248-253.
Wang Shijun, Li Chunchu, Tian Xiangping. Self-adjustment
and deterioration of Xiaohai barrier—lagoon—tidalinlet system in
Hainan Island[J]. Journal of Applied Oceanography, 2003 (2) :
248-253. (in Chinese)

[8] i, skB&H ke, % W 5/ NN -T5H] 9% LE
PRA R A HTITSEL) ). AR E,2013,28(2) :88-92.
Wang Jie, Zhang Dengrong, Yang Shilun, et al. The Study on
Barrier-lagoon—tidal Inlet System Evolution ofXiaohai in Hainan
Island[J]. Remote Sensing Information, 2013, 28(2) : 88-92.
(in Chinese)

[9] Velasquez—Montoya L, Overton M I, Sciaudone E J. Natural and
anthropogenic—induced changes in a tidal inlet: Morphological
evolution of Oregon Inlet[J]. Geomorphology, 2020, 350. DOI:
10. 1016/j. geomorph. 2019. 106871.

(10] J&HEWT . i R L5 7K e w1 1 1 B 85 BUAR &5 AL AL 5
[D]. Mist: HEHIR,2017.

Tu Jiayu. Modern typhoon—inducedsediment record in the lagoon
of’ southeast Hainan coast [D]. Nanjing: Nanjing University,
2017. (in Chinese)

[11] AR50, A, 45 WU TR My G 51 =15

WA EYE L) ], RS RS2 (A AR ERR) ,2023,51(10) ¢
1584-1594.
Kuang Cuiping, Fan Jiadong, Dong Zhichao, et al.
Geomorphological Stabilities of Tidal Inlet and Coastal Lagoon
Under Influence of a Double-guide-dike Project [J]. Journal of
Tongji University (Natural Science) , 2023, 51(10): 1584-1594.
(in Chinese)

[12] XUE, B4, ThIBOG, 45 . 7 SR 58 AU T BT 1E 7K 7 4
eI ). kid TAE,2012(8) : 113-118.

Liu Chen, Mo Hongqiao, Ma Dianguang, et al. Hydrodynamic
characteristics of reach from Jiaji to Bo’ao in W anquan river[J].
Port & WaterwayEngineering, 2012(8): 113-118. (in Chinese)
(13] Fngshh, T4% . & MIKE2 1 A5 50 A4 T 1 4 DX AR 43
T RFIHA W, 2022(7) : 138-141.

He Wanlin, Wang Zhen. Flood Risk Analysis of Estuarine Areas



10 N ERERIT

Based on the MIKE21 Model [J]. Technical Supervision in Water
Resources, 2022(7): 138—141. (in Chinese)

(147 WA LIYE AR XU, 45 . A2 AUBREE T 7 SR H X R 43
PEBAD AP )] ARERIT,2022,43(2) : 112-117.
Hai Laiyibo, Shi Haoran, Liu Xiaoging, et al. Simulation
Analysis of Salt Diffusion at Wanquan River Estuary under

Changing Environment[J]. Pearl River, 2022, 43(2): 112-117.

(in Chinese)
[15] ZEA . W04 38 3 s 8 O BUE AT 5T [ D], Kt REER
.2022.

Li Songzhe. Numerical Simulation of Morphological Evolution of
Tidal Inlet[ D ]. Tianjin: Tianjin University,2022. (in Chinese)
[16] G, BREEWL, St mg . i -k K 3L R 3K Sl T 7 529 H e
TREHASREAUBIE T ], AR AR TR BET, 2026(1) : 76-80.
Yang Guangyao, Chen Zifan, Wu Haonan. Numerical modeling
of sediment scour and deposition in Wanquan Estuary under
combined storm surge—flood forcing [J]. Design of Water
Resources & Hydroelectric Engineering, 2026 (1) : 76-80. (in
Chinese)
(177 ZEJ0A, 75, BR/INST L 45 R T R0 DA K VD AR A3 7
LRAFAE AR ()], i AR A KR K L, 2025(3) : 108-112.
Li Zhaonan, Wang Zigiang, Chen Xiaoqi, et al. The Impacts of
Water—-sediment  Variation on Coastline Characteristics in

theWanquan River Estuary of Hainan Island [J]. China Rural

Water and Hydropower, 2025(3):108-112. (in Chinese)

[18] DHI Water & Environment. MIKE 21 & MIKE 3 FLOW MODEL
FM Sand Transport Module Scientific Documentation [R].
Denmark, 2013.

(197 skse, SO %, md e, % . el AR DU W iz ta 4 5
DUBUHR )], PRI, 2011, 30(2) £ 123-130.

Zhang Liang, Jia Jianjun, Gao Jianhua, et al. Sediment
transport and deposition rate along the Boao coast, Hainan Island

[J]. Journal of Tropical Oceanography, 2011, 30(2): 123-130.

(in Chinese)
(20] i, 280 . J7 SR s i K 3B (1], HERK A, 2024
(5):57-60,70.

Gao Cheng, Che Minna. Wanquan River Basin Design Flood
Analysis[J]. Haihe Water Resources, 2024 (5) : 57-60,70. (in
Chinese)

(21] WRESE, mEde, K4 . IR 15 J7 550 L1 3h 2 M L)
XS], PR, 2004 (4) : 38-43.

op

Chen Guogiang, Gao Jianhua, Zhu Dakun. Preliminary Study on
the Dynamic Evolution of the Coast AlongWanquan River Estuary
and Its Regulating Proposals [J]. Marine Science Bulletin, 2004
(4): 38-43. (in Chinese)

[22] MARTINI 1. Geomorphology of the Boao coastal system and
potential effects of human activities—Hainan Island, South China

[J]. Journal of Geographical Sciences,2005( 2):187-198.

Analysis of Evolution Patterns and Mechanisms of Wanquan River Estuary Landforms

under Extreme Flood Conditions
YANG Guangyao', HU Yue', JIANG Shanshan', CUI Cexuan', HUANG Rui’
(1. China Water Resources Beifang Investigation, Design, and Research Co.,Ltd., TianJin 300222, China; 2. College of Harbour,
Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China)

Abstract: To elucidate the geomorphological evolution patterns and dynamic mechanisms of the sandbar at the Wanquan River Estuary
under extreme flood conditions, and to explore scientifically sound and feasible flood control measures as well as protection and
management strategies for the Yudai Shoal in the Wanquan River Basin, this study establishes a two-dimensional, high-precision
hydrodynamic-sediment coupling model for the estuary. The model parameters and boundary conditions are calibrated based on the
actual topographical and hydrological characteristics of the study area. Model validation is conducted using measured flood marks and
estuarine mouth width data obtained from field surveys during Typhoon "Tanmei" in 2024. The results demonstrate that the model
possesses high simulation accuracy and can effectively reproduce the hydrodynamic processes and geomorphological evolution of the
Wanquan River Estuary under flood conditions. Focusing on a 50-year return period flood—a typical extreme hydrological scenario in
the basin—the study simulates and analyzes the spatiotemporal variations in hydrodynamic factors such as flow velocity and water
level, as well as the dynamic evolution of geomorphic features including erosion, deposition, and terrain elevation changes during flood

discharge. Furthermore, the research scope is extended to floods with return periods ranging from 5 to 50 years, systematically
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examining the erosion and deposition response patterns of the estuary entrance under different flood magnitudes. Quantitative analysis
is also conducted to assess the impacts of two key factors—initial mouth width and total flood volume—on flood water levels in the river
channel. The results indicate that the geomorphological evolution of the Wanquan River Estuary exhibits a typical cyclic pattern
characterized by "flood scouring and widening—tidal wave siltation and narrowing," driven by the combined action of fluvial and
marine dynamics. Against the backdrop of a continuous reduction in upstream sediment transport, the estuary mouth may lose the
necessary sediment supply for siltation and narrowing, potentially leading to a long-term, gradual widening trend. Additionally, the
width of the estuary mouth shows an approximately linear positive correlation with flood peak discharge. The scouring depth of the
Yudai Shoal, a key geomorphic unit of the estuary, is primarily regulated by the duration of flood overtopping, with scouring intensity
increasing as overtopping time extends. The initial mouth width significantly influences water levels in the near-estuary reach, with the
narrowest initial width leading to a pronounced rise in water levels in this section. However, its impact on the upper river channel is
limited and gradually diminishes along the course. Under the conditions considered in this study, total flood volume has a negligible
effect on water level changes throughout the river channel. These findings provide important theoretical support and technical
references for regional flood control planning, optimization of estuary regulation measures, and ecological protection of the Yudai Shoal
in the Wanquan River Basin. They have been successfully applied to the revision and enhancement of the basin’s flood control plans,
demonstrating substantial engineering application value and practical significance.

Keywords: extreme flood; geomorphological evolution; hydrodynamic-sediment coupled simulation; scour pattern; Wanquan River

estuary
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