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DA, T A2 348 A AR 2 ) R A IR B R R e
PEHUE A T R Tk 51T A0 B XT e, Ho
A RAMr K 18 AL A 7R |, ok i
41300 pm; PR 2T LS & T AR AR ]
293 M AR AL AT R I I (RIS 320 wm, SR
LA A o Y R 7 S B S B ME e A
b (25%) b (50%) KD (15%) (EAS (10%) B9 4H
53 IR BCTCARY) , i rh (R4 0T 300 pmo 7K )
TIZH L 38 3 i 6 4 R S A LA QA J5T JAR AR T 28 61
(KL A F 0.2~0.4 mm ., 2% 3 X B% & /v F 0.05° ~
0.15° I A S5 BEA T 1~10 km) , 454 P K R 5500
T b 240(0.02) , Fe 20 AR VD 1 2.5 kg/m?,
SEIUURR S )2l B A

FEADLIX M 58 3.2 km, K 80 km BT , LML IX A2
321 B A K 1 A Ak sk AL D)
b S R R o T B B[R] N P 2 3 A
T AT ROEUAT ) A T B TR A AR B Ot o 2 1
JECEEL G S B 04 AR IR TR T G, (E AR AR
SR FH R FRUASRDL X ] 22 58 B 3.2 km, PRI AFBRAR IR 13
B SN TN ORIN s &3 1 AL DAV E- ST = WIS T
BAETEFI 0.09~16.9 m¥s(F£ 1), LIS H &I E
TEAE 5 000~80 000 m'/s A% X% BRI IO 1 5
R, F BT S A AR R, A S HA A
TR HHTIREL(E2),
1.2 BRI SHTEE

KT G BT ERtRIT T 285 80 01 2 FTTRRVRRAE | >R
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SPUASEER (D) AR R S5 B S S 50 )
TRHLIE 5 (2) ZERLRUIR P S —~ 8T, I E BT

WURAKF/m

12 11 10 9 8 7 6 5

20 30

Fig.1

T
40

50 60 70 80

X/km

BT wb AR T A 8L I A 5 400 B 7K TR 20 A

Grid and initial water depths for numerical simulation of sandy braided rivers
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F1 WRERTREESEAT (FEXNEHEE,202418)
Table 1 Hydrological parameter survey of sandy braided river (modified from Liu et al., 2024)
i SEp e IR TR R ws E S m FEREN e AL AR SO I ms
1 R Nf L Santo Antonio Do Ica 68 192.99 10532 59°42'48" W,3°2'52" S 6.47
2 RS ST BT AR AL Corrientes 21 917.69 1722 63°13'51" W,23°4727" S 12.73
3 ) JIEVN Norman Wells 18 130.55 2811 111°32'40" W,59°26'18" N 6.45
4 BRG] ENE Bahadurabad 50 531.08 3140 84°38'41" E,25°19'54" N 16.09
5 [IERT) Bz Farakka 4441930 5136 80°2920" E, 18°0'28" N 8.65
6 Rakaia river HIE 2 Fighting Hill 398.31 606 168°18'23" E,45°55'10" N 0.66
7 BT ESE| Ruby, Alas 12 966.21 4914 131°5'29" W,67°3'4" N 2.64
8 Y BT W Warsaw 1151.13 1350 20°21'18" E,52°22'20" N 0.85
9 ZE LA RL AR B Near Verdel, Nebr 98.11 1787 107°34'12" W,46°6'58" N 0.05
10 FEBEHEMIEST gk Saskatoon 846.79 550 111°32'52" W,56°50'2" N 1.54
11 FATETL i WA IRIE 3397.06 3230 129°2'26" E,45°46'11" N 1.05
12 WP FH Louisville, Nebr 534.69 2266 77°14'46" W,42°4020" N 0.24
13 Halil Rud river ] Hossein Abad Jiroft 36.40 407 57°44'56" E,28°24'20" N 0.09
F2 BRERTRREERENSH
Table 2 Sedimentary numerical simulation parameters of sandy braided river
SR RN E i
DU B P E/um 300 —
PR i/ (kg/m?) 10
E = eIt e
WU e B Ak g/m’) 25
DI i iy ER0 ik Eifib
WU 53R BE H (E m 150 300 750 1500 LRSS
BOIRCBUIZE 53 A bt 5 1L L %) 25 50 15 10 FPECRIARZ 300 pm
DUV B /(kg/m®) 1.25 2.5 0.75 0.5
WU (gfem?) 2.65 —
JEARBEEEN ) 9.3x10° TRV JEL R 22
T3 FEJE /km 3.2 —
IR A(mfs) 5000 10 000 20 000 40 000 80 000 S
AR 1.56 3.12 6.25 12.5 25.0 m/s
S Fﬁﬁﬁww B 2.64 WIINT6.47  TUARYEN 16.09 — —
Wi 1.54
ALK 3890 2990 1500 1100 880 —
PR m 4~6
BT 5 IS PRI E KK
s i (/s ) 0~4.5
5% BT R/ M m 5020 —
ST AR BT 1 600x160 —
RN X IR 5 /m 80 000x3 200 —
AR AL R AL 48 DU AN 48 %
JEE B JEE -Chezy {H/(m"/s) 45 EAY e 2
KA ER ZR U () 1000 —
() B R AU (ms) 0.001 —
I 0 P S 2 ok 22 0.25 —
KE R ] 2K /min 0.2 —
DB EIE (AR I ] 254 /min 15 —

T " RN JCAN FEBEW o
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SCHTHT A AR AR AT 5 (3) 38 5 7% P& Sh A= 1 AT AR
R B KSR Z R A HIE 254 A
[) 20T Y8 Vb 18 TS A o3 A Y TR, T34 AL A0 3R
Hhf AR AT Y TTRR B HUE VR 8 A W DL R 3
(4) 2K H Straub et al.(2012) 1 van de Lageweg et al.
(2013) 42 B 7 kR A D K &R B L 5
2, 2 DU A B 1 (Feng et al.,2025) . MEAM, Y
vl T SR B UYL EE RIS , T2 AR DR R N
R A 22 i ) T, SR A A TRl A R 3R A
(LB USRI , AL A5 A A CMERIERR K

2 R RERIR ORI AL RS2 I

2.1 AREIRE TR
TEDURBUB AL T | UL 55 2 0 3 1 RAR
TN ZE SR B[R] (BRI A9 28580 ) 2 S a3
Tof 38 1 Bip [ 8 A A G, e 8 Al ok AR A7) H A AH L
(Schuurman and Kleinhas, 2015) . X [t . 2H UL AL
0, ARSI A AT 23 AN BB s (1) JIRRAMEK
TAHESIE T NIRRT ARRE R ZE IR TR HURUAS
BB KA 5 (2) WK IAE HDE itk b
A K TR 225 7K T B T30 R RH X BRI | T | P 9
ARIKIE ; (3) ZA- A TCIF Ui T A= < Bl ) il
TE A RIFRFRIE RUASErp 25 (8 525 300, I ROk
AN 3% 38 B R X A2 2 B e 193 I (Rice et al.,
2009 ; Schuurman et al.,2016; Guo et al.,2023) ;(4)—
TSR SRR 1B 1% ST, 24 B0 S 5 AR T i
ST ONIUI-REY

TE R EATCIN, 5 TR, Tl T AR X R , 0052 2118 4
KA R G IR R B (R, 2023) .
22 AERETHKTELES
22.1 REHrREIKAE R R

Tt e SRR AL R 2 TE AR G, v I iR ]
TEEA S TR 25t s TR PR SR 1) 1 e A G o B, PG
SRR TR T8 I AR ] A TR At TR) 3 T, BEH A
TE N L. LR R 40 000 m'/s AYFERIRIAT Ay 151)
([ 2f) , 78 1 100 B K S5 R i JE A AN 1 4
Ak, IR B AL BB B, BT 5 000 m'/s IR
TALCN R R S RS | 5 2 000~4 000 5L A A
REINE TR AL BB B .
222 REHMPBRAENSAL

AN TRt B R e Al A R A B 2 5 AR
TEFERIRIAT (5 000 m?/s XiF 107 e B 0T M) iR T ) JaE Ak LA
HI=ANHr By | BALSEUE AN K E S AcaE L, i
15 L SR K Bl 5, A UTRRAR I 5 H BT 3
FEIHE PG , 25 1 AR A R 1Y 52 A el s 300l L A
BN RRITI O PR FE A — AP B AR
SRR S DL 2 A BRI LI 8 A 4 ¢ [a] Ul
1" TE A AT oW AR (8] 3a~c) , LA 2 1A
X RS FLE 3 (ATl (RS20 A1 arEl Y sh
AT B & B (K 2a~c) o o T i IR 7 T AL
B 5 =B B, 24~ BRoc I DL ) Rl 7 o0 3 (&
3d~f) , B TCHA B CINRIE 1 A 4 B R A IR Gk
T T RASKIRR R4 20 P MR B O, Tl 1
S ik
100 g

94;311£<
&

it

A8 33

©° -
s~ 2
=1

oo
oo
DURELEE/m

100 £

DUBEL

P2 e AR D SRR ) A i e X He
(a~c)fIRGALRE (D=5 000 m*/s) 55 1 5103 250.,3 890 2L T IRIAL Y BUARRIAT TR 5 (d~0) 5 3 ik (D=40 000 m*/s) %5 600,810, 1 100 XA i it Bk b BRIk
TR AR A

Fig.2 Comparision of sedimentary evolution in high-and low-discharge sandy braided rivers
(a-c) low-discharge rivers at steps 1 510, 3 250 and 3 890; (d-f) high-discharge rivers at steps 600, 810 and 1 100
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B3 AR AT R O W T A A U EE (Guo et al., 2023)
(a~e MIRTIE AL ; (d~F) T it

Fig.3 Comparision of Channel bar evolution model in high-and low-discharge sandy braided river evolution (Guo et al., 2023)

(a-c) low discharge; (d-f) high discharge
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AR MR RUBAAE R B 25 5 . A5 SRR
T, UL REHTEA (] 4a) o

AR TP -S4 058 B SR A 7 T Ak 32
(125 57 (B Fe 2B sE 4523 (&1 4b) ol i K 58
P BB It B DU /58 FU AR RS I pe (5] 4e ) o
Lo MEN- I TR AR BT /s T O MERLAEE (B 4d) , B
DL I A G, oA TR AR A R G o, RO
PEIUALAR 5 3 S A AE B i IE AR DG OC R . Bk,
AL R TP SRR B AR A E T (H S
FETCIEAR IO AR , 156 BH I B MR, T 3 (e D 40 B
Sy BN UE . 5 IR, 2K R AR A R s Sk —
AR T 3L [0 1] 3 S ) RE , DA AR B 21
52 G, FE K 7K B TR — 5 40 7 I BR B ) v
Abasd i v 2 BECRH YT A SR AR A AR I A
B FEARRT &5 , 58 LA T 3.0~4.5,

3 (eI AL AN ] IR KGE
L MEZE S

Wb AR EAEAE S e R AL AR 28 1R AR
GO, Horh AR 3R C 2838 B IR S
TR S R B ERAR T A UL ) s B BT 3 R D
FURAIE 22 AL (1615, 6) , X6 Hb T i3 1l o 2 Bl
e BA SR X

31 REBXNERKER SR EZ N
3.1 REXFRKENSHH A

FEERART Y 1 AN R M R K G P TR L 45
FAREAE | B 4 R KB 1 SE 0 1) ] R TR
AN EE A B AR I AR TR (R AR OK T T 255 U
W VIE (Kl 5a) , B I e 00, Ji sy , K e v
i A B IR ) S ) P SH R K R AL R (K
5e) s WV B, Uit MK, IR /K T 25 BRI
PRI EH R % BN B TE B, IR
it S FARIR R LA T 22 B A AU I = R O 1) 9
ARAAT DA 58 1717 5 it A PR i TR KB 2% o &
(K2,7).
3.1.2 AEXMPERKEHE HRIEGF R

PIZK &4 5 000 m/s AR A 1], U148 7 1)
P L SPRAAEAE 7.5 200RIROKAE , BAASERIR /K T8 B
20~50 m, 25l BE ATk 1.3, RROK B 70 25 R EUE 2 /2
A Bl T KRR B B P PR 2 3 4%, 98
FEHE A 200~600 m, 25 M B/ N2 1.1 247, 3 7 &
B 1.2 440 o Il G AL REAS A% K DR B
A3 AT AN [ 2 VT B o B AR T i A I A% KR
Ll A B0, it o i et HEE N, YT T 7K R 53 A R BRI i A0
A 70 SRy U 55 2 (161 6a) , S 7 I B ERAS , ZKGE [R]
Tt AL 2 SO, K 22 4 R T S R 6 BRI ERIR K
N B E R K g AR B SR K Bl ) A5
BEAEPETERRIT KR , S BOAR /K B TR B A 5 K
HEIIEAHILK R,
3.2 REFHUOMRSH RS2
32.1 REMOHEER YA

T2 AL F T T ERRKE R A 2
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Fig.4 Trend in sandbar size evolution during the evolution of sandy braided rivers under different discharge conditions

(a) average length; (b) average width; (c) average aspect ratio; (d) average area

FEEFRAE , IR 30 T SR RE 2 IS Ol . 7
AL A B BEAEAE DU R 2R R [ R 0. BT 2 A
M A PGEE I L E (Sambrook Smith et al. , 2006,
2009; Puig et al.,2019; 15 X785 ,2025) o HA KR
SRR AR /IN A IR AR F2 44 (141 8a)
CIRARTIB2AR ZIR: 7w /1Y Ui b= ite: b ) | IaeE: W eI LT -1
Al ([ 8b) , {H LET BB /N &2 A 4T3k 3
A, U ESN 20 000 ms , LRI PSR 1] 1T A4 4
I “ Rl AR AR BN Fr, G el s WU T AR R R
(J& 8c) ; 247 & A 40 000 m’/s I 327K i il , 54 ok
1M 2 MK S8 (1 8d) 5 243t 724 80 000 ms, itk
Tk A Il s, AKGE B T 4 (K 8d) .
F 5% 2 0, 0 30T Ak ()47 B AN TR, K R 20N
[f] , Herf AT A I T3] PR R, B AN 1y
AR K T PR S8 5 1 T 200 0 DU A7 Y0l 3 0358, —
S Az, 5 — 2Rk . (EA R
S, FERIR AT A IR 340 e 55 T A 0 A A 2 Sk

JERARART B JaT 300 380 5 oty g T B A A AH L, (ELTAR
AL AR 25 5 (A5 N R G A A EAE AN T
JERIRAAT A 7] 370 WETTRR I8 A S0 52 U 7K A8 5% T 4 S
7 R AR D BUREAE | 83 Ak P S A S i [a) i A T
B SRIE AL I, B 1T R ARG K AT f68 A5 U K 3t 5 728 Sk
AN , Z S5 R3] N iR RS I T S, I A R
(LT S = 28 N e ) 20 2 N PN o 8 M =R
) A S P U A7 N i S (11111 TR G R 3
27 B MK G, B MARA, INER I )2 R
AEXT LR (R ,2024) o
322 AEx SRR A X

T XU M S ZOCE MR . X R
BEUSE A R FERRRERIRIT (& 7a) , B THERIROK
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Fig.7  Depositional geomorphology at mature stages of simulated sandy braided rivers under different discharge
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(a) distribution of area proportion for different types of sandbars; (b) distribution of aspect ratios for different types of sandbars
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Sedimentary architecture of unit bar developed with high discharge braided river at mature stages

(a) longitudinal section AA’; (b) longitudinal section CC'; (c) plan view of the sandbar; (d) water flow mode
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Fig.13  Sedimentary architecture of compound bar developed with high discharge braided river at mature stages
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Sedimentary Evolution and Architecture in Sandy Braided Rivers with
Different Discharge: Insights from sedimentary numerical simulation
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LIU LinSong’, RAN Hui’
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Abstract: [Objective] The discharge rate regulates the sedimentary evolution and morphological scale of a braided
river. In this study, the influence of discharge rate on the formation of braided channels, bars and internal sedimenta-
ry architecture is systematically analyzed for the first time.[ Methods] Five groups of three-dimensional sedimentary
numerical simulation experiments with different flow rates were carried out using Delft3D software to explore the
evolution, morphological patterns and scale differences of braided channels and bars formed as a result of various
flow rates. The models reproduce the internal architectural patterns of a range of bars developed in braided rivers with
different flow rates and summarize the sedimentary characteristics and evolution of sandy braided rivers. [ Results ]
(1) The rate of discharge is positively correlated with the sedimentary evolution of braided rivers. Low-discharge
braided rivers exhibit limited evolution, in which bars mainly tend to migrate vertically and are less dissected by
channels. By contrast, high-discharge braided rivers undergo intensive evolution, characterized by lateral migration
and frequent dynamic equilibrium processes involving compound bars and dissection. (2) The discharge rate influ-
ences the plane pattern and channel depth of braided channels. As discharge increases, the braided channel becomes
wider and deeper, resulting in a reduced overall number of channels but more highly developed chutes of the channel
bars. Lower-discharge braided channels are shallower and primarily consist of numerous narrow, relatively fixed inter-
woven river networks. (3) Discharge further governs the co-evolution of channels and bars. Greater discharge enhances
bar complexity, promoting the development of large complex compound bars and side bars with intricate internal
stacking relationships and more frequent chutes. (4) Despite strong spatial heterogeneity in the internal architecture
of channel bars in sandy braided rivers, consistent patterns emerge: all bars develop downstream accretions (DA) in
the core, vertical accretions (VA) layered above, and lateral accretions (LA) deposited at the sides. A key distinc-
tion lies in the increased proportion of LA at higher discharge conditions. (5) Discharge correlates positively with
accretion size but inversely with aspect ratio and flakiness ratio. Median aspect ratios of bars are 3.5 in low-discharge
systems versus 4.5 in high-discharge systems. [ Conclusions] The study proposes a positive correlation between dis-
charge and the scale of channel bars and accretions in sandy braided rivers. This clarifies flow-controlled sedimentary
characteristics and scale variations, providing a basis for analyzing complex subsurface reservoir architectures.

Key words: sedimentary numerical simulation; discharge; braided river; sedimentary evolution; sedimentary

architecture
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