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Research on sediment transport process and mechanism change in the Jiaojiang
River Estuary, China

HOU Afei, TAO Jianfeng, ZHU Siyu
(College of Harbour, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China)

Abstract: Based on the flow, sand, and topographic data during the flood seasons of 2005 and 2014, the three-dimensional (3D)
numerical model of flow and sediment and the mechanism decomposition of suspended sediment flux were utilized to analyze the
changing rules of the hydrodynamics and sediment dynamics in the Jiaojiang River Estuary under the influence of human activities. In
addition, the process of sediment transport in the estuary was discussed, as well as the change in the mechanism and its influencing
factors. The results show that dominated by the overall topographic change of the river, the tidal dynamics and sediment dynamics in
the estuary change significantly; by taking Shixianfu as the demarcation, the upstream flood tide advantage is enhanced, and the
downstream flood tide advantage is weakened, but the current velocity of the flood tide and the ebb tide along the river is increased.
The distribution of the estuarine turbidity maximum moves upstream for more than 36 km, and the average sediment concentration in the
section between Miaolonggang and Shixianfu increases by about 5 kg/m’, while that in the section between Shixianfu and Haimen
increases by about 3 kg/m’. The increase in the sediment concentration and tidal asymmetry in the upper reaches of the river leads to
a stronger tidal pumping effect on sediment transport in the estuary and varying total amounts and directions of sediment transport during
the spring and neap tides. This in turn causes a mechanism shift from the “estuarine sediment transport to the sea at the upstream and
to the land at the downstream” in terms of spatial characteristic difference to the “sediment transport to the land during spring tide and
to the sea during neap tide” in terms of the tidal type distribution difference, which thus affects the characteristics of riverbed erosion
and deposition.

Key words: the Jiaojiang River Estuary; sediment transport mechanism; mechanism decomposition of suspended sediment flux;

turbidity maximum; riverbed erosion and deposition
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Fig.3 Verification of simulated tidal current at Vertical Line 2
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Fig. 4 Verification of simulated sediment concentration at Vertical Line 2
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Fig.7 Variations in current velocity during tidal cycles in the Jiaojiang River Estuary
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Fig.9 Distribution of average current velocity of flood and ebb tides along vertical lines in the Jiaojiang River Estuary
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Fig. 10 Movement process of turbidity maximum in the Jiaojiang River Estuary

HIIE 9 SRE , LA T 5L, 2014 4E 11 1] N Bk 7% 1) H 42 - 4 i 3 LG 2005 4F 2 351G K, F T 1A i A8 A
/N, 2005 AEPG ] Z AT AR BRI E Y AR 1 m/s 2247, BRI IR RHETE 2 m/s DL, T 0 vk B 3T
AINT AT L V501 Yo T e K s I R AR AN, A0 BIFE 0.5 m/s Al L m/s 2247, 2014 4FEPE T 2= A1l
LT B0 S I 0 L 2005 4E K2 0. 2m/s e KT B #E 5 2 m/s | 4 MU ALK T | 2014 4EAH X E-Z8 11
TA] PREEAT ) T 5 7 0 5 K LE 2005 AFE3G KAR X/ | P340 S A6 VG ] 20 T T B 24 A e 25 1
Bk,

i1l 10 W] UL, K 1], 2005 4F 5 KM & D s 7E 15 kg/m® N, 2014 4F f &35 30 kg/m’*, 3524
15kg/m’, DL 10kg/m® (& VRN, 2005 4P 5 R A 0] b I fei iz sl 810 7] 54 km, A2 T A AlE 5 74
T El , KBETERES 6 h kB H K (16 km) . 1ij 2014 4Ff KVEMAF Fitiash 20617, F# 36 km, Kk
53 km, S KV HUHT Y 43 AT 1 B ALz 3 B AT AR R A 3G K e A, e RV A 7 7 1 B ) o A T 2
2005 AF AV AEBKIENS 3 h R 6 h AW BRSO h YRS/ NE] 10 kg/m® LT T 2014 AR5
9h 54 2 46 km KT B VP EAE 10kg/m® DL b ZE6 DA EXTHES SR, BULIAT H 2005—2014 4R 3 5 41
V0 S A AR — B, R K, S VD GRS R, B KV P R R s B A R AR R A R
I CARCIN L R TSRy T T Y k3



130 ERCPNE N 453 %

3 it it
3.1 BRRDESEEEH

ARAER RIS Z5 R, SR A2 (2) X AR LAY 1 {73 W 1 v ce b 2005 4F 1 2014 45870 i AT 1 HL 7
i, AR AN 11 Br7n CLEARL ), SR i ) |, Pl 37 38 ) 44 B0 3 i 0 ST RRE /N, R AR IR R 7 B S A R
B> STy . W 1L AT UL AR D P v s 32 AR T SR A O, PR AR 24
G v HIL A

— =iy (20054 )  — - WIERHEY (20054 ) BTE (20054 )
THRETT> (20144F)  — WAEHIYS (20144F ) RETE (20144F)
10 3.0 , 107
: »/\ZLW\ AC. E 15t [ £ osin
~ —_ Y=L = " > 4 < =
£ O SN K\a@\%ﬁ f’\\ oA AN
o f}, w0 b N m O
i -10 ) 2 b 2
2 /\ | 215 b 2 -5)
usd] | 4] \L, @
-20 -3.0 -10
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
21 B km 211 B B km 2 1] B B km
(a) KEPF (b) /NEF (e) AT

11 #HULA A& @SV F 9
Fig. 11 Mechanism decomposition of suspended sediment flux in the Jiaojiang River Estuary

REIE (B 11 (a) ) , NP BB R , 2005 AP T T 208 1T BEAE 56 km 7 EAFTEZAE, VU T ) Ri%AL
BRI D AL E T R ) [l v, 2014 AR B VD SO BN B RO B, TN TE
RIUA I ATY . IR 2005 4R 2014 4R2) i 2R ] i vbad B P AR XS A v 4 ST AR
XFHUIN . 5 2005 AEAR LG, BT 2014 AF kv 180 I E 2 A B 3 R, EL K1 A R B O WY S (BT 9) |, (A
2014 AFPH T 2= A ATy B i fili 64030 2 A PV - 38 R 2 10 kg/ (m - s)  BRRIERZ 17kg/ (m - 5)
111 1] P B U0 F P A RAL L 2 g/ (m+ s) TR R 4.5 kg/(m - s) , DTS DR BT IRT 1R 30 [R]
STVDTT 1) BEEAE T AN AN AR R ) e R b il e A AN (BRI R £
A TR YD o /INEISIE] (P 11(b) ) , 2005 4F A5k bl d ek 5 ) U 1] AR e | 1087 007 5 W 1) 1 I RS 8l , for
T 53 km &b {H 2014 4 G VDTT )RV AS 5 A 2 181G A2 DAy 1) dp A v 392 AT DAy /) T 400 ] 90 e e o s/ )
TN T BB bl 8/, ELAE VU ) 2= P75 B e s v , S S A AT DR ) i v | XS V0 STk ok
) AN IS ARG T ) T D (H 2014 AR08 iR BR IR

HITEL 11 (a) (b) AT UL, 0T F T AMIMEE S, W A4E0 X 2 B0 [l iy h % 1 TN TE L 2005 459 R b
[ TR A R R A 118 it ol 102/ Rl o 1 N N 11 R R T =2 S NI AV R VAt
R, 2014 AFIR /N3 5] B0 9T T 30 R i /D T ) R s, R3S < DR rv ol /i re T T B 0 A 2 e TR
FIEE I s I 11 () AT, 2005 452 ] - 2456 v 55 59 Ja 300 P — B, P 8 e
55km Ab, By K HEIRER . 2014 AR R E] 1 A IS | 2 R 98 v 6] Bl iz , Je e s 22 70 1190 B> ) - 2y 1) i
v  AEV )2 R s I B WA AE D O I BES N R R AL 2 A R R B 1) i D, b
L 2005 4R/ 7EPH T TR R I8 /NS 4kg/ (m o« s) DI V0P A i et , EA8 2 18km, T 1AM
i, 2005 4F [ VD BT K Ske/(m - s) 2014 4RI RZ R 2005 AR —2F,

3.2 RHEEHLEIR N E R R3 EAENAREE
N T 2B W P U i B A 7 Y I MR Table 3 Settings of model simulation schemes

TSR E A BFFCRR ™ R BRI T Mo 25
AR BT 4 AT R TR TR AR T eesmER)  Liew riee
W3, 3 PR BRI 2005 4F ALk (RS O I 2005 2000

" - o N D % 2014 A (IREL) 2014 4F (ofl)
PRI ) F1 2014 4Rk (T SCHfRl B ) 8 BB BB b As o, % 2014 4 (VB 2005 4F
SR 1) B AR R L 2005 A HBIE R ARG R se 2 2005 4 2014 A= (i)

PR, LA Al D 50 it i R T 23 il



4l GERTG, HR b i B AL AR5 131

HEFT U B BRI i AR RS 5 — (1T 2014 AEBORSHE T |
3.2.1 kAR

X 2005 4F 2014 4FF1 4 A5 G AAU I 1 1R A0 25 KA TR A AT DF TR M2 I M4 5308 O B2 LY
A A SRR, 5 S IR 12, B 12 AT 0L, 558 ST FIS3 5 2005 AR I A #R AR IE F AR — 30, M2 3l 4R e
LT TA AP B DX sl B iy, M2 4338 A A M4 23 T PR I A, R4 MERG O 85, It A 1,
M2 SR 4iR W VTR ] L ViR Sk, SUbAH L, 55 S2 FI S4 M5 2014 AFEAATR], 1111 4b M2 23 4R 1 A
IS AR FEA DTS PR IE R R, Foh o T T RIS R 0. 4 my, BEAh, J7%8 S2 1 S4 1y M2 433138 £ I
M4 SRR R A AT % ST AT S3 ¥H/N

— — —20054F ——20144F — — — %Sl ——FES2 ITES3 ——m LERL
2.5 0.9
- 5 0.6
ﬁ: nE
= =
= 503
o v ... .
0 10 20 30 40 S0 60 70 80 90 0 10 20 30 40 50 60 70 80 90
NI B B km 2] FE S km
(a) M2rHiR IR (b) M4SrEITRIE
3307 240 0.71
3000 180
® 270} ® 120
T — 60 :
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Y\ FEES /km YA FEES /km P FEES /km
(e ) M24MR f (d) M40 Ay (‘e) M25M4%38

B 12 MU O E R F0E A A FRE T
Fig. 12 Changes in tidal wave and tidal asymmetry in the Jiaojiang River Estuary
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Fig. 15 Simulated results of topographic changes in the Jiaojiang River Estuary
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