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Table 1 Main parameters of river flow and their indicative significance
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Fig.1 ~ Simulation model of tidal delta
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Table 2 Understanding of determining and variable factors
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Table 3 Sedimentary numerical

simulation parameters
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Table 4 Experimental design of sedimentary

numerical simulation
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A-1 40 000 2
A2 40 000 4
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B-1 20 000 2
B-2 20 000 4
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C-1 60 000 2
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SR . FHEE T H 0T, i 300 A0 LA T AR O, 22
AR TGRS 1) A8, AN TR (5] 26, 0)
2.2 GARAERXEE = A a2

XA AL f AT OE 2 8 I (UL B-1) AR
CBEUL C-1) , WL X i 4 = AN (R 2 ), S 46
RN 3 PR . =M E R, W e i
AR A A TR DO A BE T 9855
ARSI R R BE XA BRI , 23 T
A BTN TE (P 3a,b) ; Vit 38 R s DU Y
(=W RS TR CIN 2 2 AN )11 R T R e I M\ 67
2 25 T3H , LU R TTRRPILE = R AR I3, PR
PRI A RIS R (K 3g,h) o —MAET I, Y
TR B el T BT AT B A ERIR AL, RS2
T4 A FH R i) S A ) A TR BOA AR AR IR AR, UL
Wtz 2= =, =AY B TR A-14
Ik /1N U e B P 9 2% (1] 3, d) 5 0 O 2 384
I, T BT W A FRIR A , PR Co e A 8, T 4%
i DURRMI A RE 1340, AE3mT it 73 SUAR A 22 B TR

P 3i,)) 0 = MAINE T G, S i ek
] B AR IR AR IR 55 , 8 T 1 Ah 3] i —380 9% B 5 1
FHIX, i Fn] iz TUR I BE 108055 , 54 TURR
FEIAT A % AR TR . [T = = M 0 e B
TEPEA PN/, A 22 SRR S, — A LA 1 A,
JIN IR R R TR AL F AL A-1 A i/ (] 3e,
£) s L H R RIS, Tl B SN B B ARk AL , 0
W 7 S , A AT — 9 1A A FH X (AT 11
ok B R o TURR A Bt ] 3 — 0 1 B A VR
LA 2 — A, e A & AR OB, B B0 M, Tl 3E
FE U A AR 3T, TT I 5l DORRA) 1) 6 07 R X sk
55 , (A3 FR DO R A AR, Itk T O MR R
PR AR HE T 5256 B- 197 1 AR (.00, e BB R, 5
KAEER AL T =MAMATET AT, =M
PATA AR A, A HE T AR A-1 B0 B-1, B4 C-1 301
PRECR: TR TR N, 522 B AR 2 e KR 1)
Hrm& R (E 3k,
23 ESERXTEIE = AN

Xof 1 947 e AT 24 i 1 A (R0 A-2) Ak /b
(B A-3) , WL 23 BT 9% 4 OGR4 = #A N I 52
Wi, SEEG A SR ANE 4 Fis . =ML R I, ERA
AR R R = 0 (B A-3) , A T ik
B VLR, 82 RE A FASEAEL B-2 S 2 sk 553 , YT
AN AT 43 B4, 300 1A T g T 11 300 L T
A W AE R S AR AR R N, IR R R &
G208 AU/ RARR K AR A (Bl 4a,b) 5 3
T Bt (REE4EL A-2) , 0] T 00 B, 2 4 ke, 3
BT AL T Z2 b R G2 2 = A, = f i T FR
AH L TR A-1 B I 38 K, b IS A T R T
i, B 28z v e, 2R AR (] 4g,
h) o =AAUEE I, JCEI 244 T I E AR AT AT
W IR AL, = M0 B R R RS, o T i
A HA RSB A B, 280U R I F i i
DASC AN (&L A, d) 5 0747 56 B 38 B, 347 Xpyml 11 Ak
(R IAAE FH 3458 K 1 11 A A TR 32 28 = A W
ST I, AR E T B R R
T 25 TE oA & B WA, 5ELA-1 48
Lb, B A-2 IR AR SRR AR S B S, H A o
Z KEERK, = MMgRmBE R (E4,). =M
MR FEI, FETCm RSB LT i 225
ZWIITGE B EITEE T AL, = A DI T AR K



533

IR A T UUR S 122 B — N TR B BRI 5

851

Y/km

100
X/km

150

Y/km

100
X/km

150

Y/km

200

200

Y/km

Y/km

Y/km

100

75
50
25
0
0 50 100 150 200
X/km

0 50 100 200

0 X/km

150

100
X/km

0 50 150 200

-10 w5 0 5 10 15 20 25 30
DUBE EEHE e /m
P12 A A1 2 = AR U T AR SR B2 v A i 7 4 A [

Ca) WAL 2 585 2 AU RBURE B A3 A1 14 5 (b)) RN 2 515 8 LT BUR L 70 A 18T 5 (o) BBl 2585 16 ALTTRBURE B A3 A 18 5 () AR 2 515 24 2L UTBURL L 73 A 14 5 (e ) B0 22585 32

YRR RE G A P 5 (6L 225 41 BH IR 43 A7 1R

Fig.2  Evolution distribution map of A-1 tidal-controlled delta deposition thickness

(a) thickness distribution at simulation step 2; (b) thickness distribution at simulation step 8; (c) thickness distribution at simulation step 16; (d) thickness distribution at

simulation step 24; (e) thickness distribution at simulation step 32; (f) thickness distribution at simulation step 41
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Fig.3  Evolution distribution map of B-1 and C-1 tidal-controlled delta deposition thickness

(a) thickness distribution at simulation step 2 in simulation B-1; (b) thickness distribution at simulation step 8 in simulation B-1; (¢) thickness distribution at simulation
step 16 in simulation B-1; (d) thickness distribution at simulation step 24 in simulation B-1; (e) thickness distribution at simulation step 32 in simulation B-1; (f) thick-
ness distribution at simulation step 41 in simulation B-1; (g) thickness distribution at simulation step 2 in simulation C-1; (h) thickness distribution at simulation step 8 in

simulation C-1; (i) thickness distribution at simulation step 16 in simulation C-1; (j) thickness distribution at simulation step 24 in simulation C-1; (k) thickness distribu-

tion at simulation step 32 in simulation C-1; (1) thickness distribution at simulation step 41 in simulation C-1
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Fig.4 Evolution distribution map of A-2 and A-3 tidal-controlled delta deposition thickness

(a) thickness distribution at simulation step 2 in simulation B-1; (b) thickness distribution at simulation step 8 in simulation B-1; (¢) thickness distribution at simulation
step 16 in simulation B-1; (d) thickness distribution at simulation step 24 in simulation B-1; (e) thickness distribution at simulation step 32 in simulation B-1; (f) thick-
ness distribution at simulation step 41 in simulation B-1; (g) thickness distribution at simulation step 2 in simulation C-1; (h) thickness distribution at simulation step 8 in

simulation C-1; (i) thickness distribution at simulation step 16 in simulation C-1; (j) thickness distribution at simulation step 24 in simulation C-1; (k) thickness distribu-

tion at simulation step 32 in simulation C-1; (1) thickness distribution at simulation step 41 in simulation C-1
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Fig.5 Tidal delta map under different experimental conditions at the same time (taking step 41 as an example)

(al) thickness distribution at simulation step 41 in simulation A-1; (b1) thickness distribution at simulation step 41 in simulation B-1; (c1) thickness distribution at simulation
step 41 in simulation C-1; (a2) thickness distribution at simulation step 41 in simulation A-2; (h2) thickness distribution at simulation step 41 in simulation B-2; (c2) thickness
distribution at simulation step 41 in simulation C-2; (a3) thickness distribution at simulation step 41 in simulation A-3; (b3) thickness distribution at simulation step 41 in simula-

tion B-3; (¢3) thickness distribution at simulation step 41 in simulation C-3
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(a) average area of bar under different conditions; (b) average length of bar under different conditions
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Fig.7 Delta area growth map under different conditions

(a-c) delta area growth maps under the same flow and different tidal intensity; (d-f) delta area growth maps under the same tidal intensity and different flow
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Numerical Simulation of Tidal Delta Sedimentation Based on
Sedimentary Dynamics

PENG Chenyang, TANG Mingming, HONG Ruifeng, XIONG Sichen

School of Geosciences, China University of Petroleum (East China), Qingdao, Shandong 266580, China

Abstract: [Objective] Delta is not only an important part of sedimentological research, but also an important oil-
gas enrichment layer in oil and gas exploration. The formation and development of deltas are completed by two or
three sedimentary processes in rivers, tides, and waves simultaneously. With further research, tidal-controlled deltas
have gradually become important targets for oil and gas exploration and sedimentary studies. However, owing to the
influence of hydrodynamics, the distribution patterns of sediment bodies in tidal-controlled deltas are unclear, the
sedimentary facies combinations are diverse, and the sedimentary systems and characteristics are complex, leading
to significant differences in understanding the sedimentary characteristics and deposition models of tidal-controlled
deltas. For the study of tidal-controlled deltas, traditional methods often lack field exposures, face difficulty in sedi-
mentary dissections, and have low resolution logging interpretation data, resulting in a certain degree of bias in the
understanding of tidal-controlled deltas. The application of numerical simulation method for sediment deposition is ex-
pected to solve the above problems. [Methods] To address these issues, sediment numerical simulation methods
(Delft3D) were used to establish an idealized tidal-controlled delta model. By varying the conditions of river flow and
tidal amplitudes, the study explored the evolutionary patterns and main control factors of tidal-controlled deltas. Al-
though the hydrodynamic equation model used by Delft3D is smaller in simulation speed and spatiotemporal scale, it
can more accurately describe the deposition process and meet the needs of simulation. This simulation model refers to
tide-controlled deltas such as Ganges River Delta, which is used as the reference condition of sedimentary environ-
ment to determine the main parameters of the model. After the preliminary test and simulation of the parameters, the
parameters were reasonably estimated, and the basic model and the corresponding set of parameter system were estab-
lished, completing the model establishment. Furthermore, to explore the influence of the two variables of river dis-
charge and tide on the development of the tide-controlled delta, the two variables of river discharge and tide ampli-
tude were appropriately enlarged and reduced, and the dam body morphology and delta evolution law were observed
by comparison and analysis with the basic simulation.[ Results] The research results show that rivers and tides play
different roles in the formation of tidal-controlled deltas. Rivers transport sediment from the upstream, which accumu-
lates at the estuary, while tides transport and deposit sediment from the upstream towards the deep sea, forming sand
bars. As the tidal amplitude increases, the bar body develops into a "flattened shape" towards the ocean. The mor-
phology of the bar body and the area of the delta are determined by the river flow and tidal amplitudes. When the river
flow and tidal amplitudes increase, their sediment-carrying capacity strengthens, allowing sediment to deposit further
from the estuary, increasing the sand bar area. With the increase in tidal amplitudes, the existing bar bodies are
eroded and remodeled, transporting the sand bodies towards the ocean, and increasing the average length of the bar
body. [ Conclusions ] The evolution of tidal-controlled deltas can be divided into three periods: sediment accumula-
tion at the river mouth; transportation of sediment by river-tidal interactions, forming bar bodies, and rapid delta
development; and modification of bar bodies by river-tidal interactions, continued growth of delta area, but with
a decreasing growth rate.

Key words: tidal delta; sedimentary numerical simulation; evolutionary process; sediment dynamics



