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ABSTRACT Sediment transfer from rivers to the ocean is the fundamental . Numerlcal I\/IOde|0?ReSU|tS Figure 4. Numerical model results for channel bed evolution and
driver of continental sedimentation with implications for carbon burial, land use v A — il ime | tlow velocity for our lab scale; (A) and (B) are for low flow (M1)
dynamics, and unraveling global climate change and Earth history from sedimentary i3 - B cond!t!on of 1.51/s, and (C) gnd (D) are fqr high flow (M2)

. . . . . = o1 —18.8Hhrs — condition of 3.4 I/s. The spatial deceleration of flow for the case of
strata. Despite the important role of source-to-sink sediment transfer, substantial E 5 iEsea M Wate, 22,6 hrs < o M1 leads to bed deposition starting from upstream. while the
uncertainty exists about the behavior of rivers near their mouths and sediment routing S o005 \:““-‘55555?}}555555::::::~~Sffrfac‘e o spatial acceleration of flow for thegcase of II?/IZ Ieadé to bed scour
from rivers to their offshore plumes. Here we aim to better understand the 3 o S e S —iitial ime starting from the channel downstream end (river mouth).
morphodynamics and sediment transport in the transitional river-to-river-plume zone S e e = 1 | Tirems
that Is characterized by backwater hydrodynamics. We developed a quasi-2D = ’ S . | e
morphodynamic, numerical model of a coupled river and river plume system. We also o | | . .
conducted flume experiments to test the numerical model results to directly observe S a m a0 w0 o O o, x=21cm
morphodynamics near the river mouth. Our experiments were performed in a 7.5-m Distance from shoreline (m) | Distance from shoreline (m) E” E”
flume where a 10-cm wide river channel was connected to a 76-cm wide “ocean basin” v —nitial time [ pre— £ 2
allowing for offshore spreading of the river plume. Experiments were conducted in both 15 P C :ig:mm 05| 1amins D ; ;
transient and steady states for low discharge (M1) and high discharge (M2) conditions. = o S, M2 —7oms T . “rows 5 g
Both the numerical model and the flume results demonstrate that (1) during low flows £ o g I o o ; - .
backwater hydrodynamics cause spatial flow deceleration and sediment deposition In g g 03 = . Lateral distance from centerline (cm)
the river channel and the offshore plume area, and (2) during high flows the backwater I T ’
zone becomes a region of water-surface drawdown, spatial flow acceleration and bed B 005 | S e \ £ £
scour. The results show that with a suite of flood events with different discharges and o1 | = o \ 5. g
durations, a persistent backwater/drawdown zone exists and controls the patterns of w S S Y oaem
deposition and erosion, which cannot be reproduced using a single characteristic Vo w e ow . w0 w2 ‘% @ @ wm @ w5 m g ° g °
discharge (as is often assumed). We also found channel levee formation offshore Pistance from shorefine (m) | Distance from shoreline (m) n ; |
generated under bedload transport during the low flow condition, and a large scour hole _ ™ Lateralditance fromcentertine cm) || Lateraldistance from centerline cm)
offshore from the river mouth that is deeper than anywhere else in the river-plume ReSUItS from Flume Expenments (A) M1 transient run (M2-to-M1)
system. Our study highlights the need to include coupled river and river plume system
with a suite of flow discharges to accurately predict fluvio-deltaic morphodynamics and ? o ? b’#w 2 20 —

connectivity between fluvial sediment sources and marine sediment sinks. WS Beginning

15

=
L

=
ol
|

=
(@]
p—

10

[y
=

Low flow equil.

Governing Equations in the Model

Bed elevation (cm)
Bed elevation (cm)

Sediment * Experimental plan; run
feeder to equilibrium for both
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Fluid continuity equation Backwater equation for gradually-varied flow | | g S0 - o~ D G
© -40 -20 0 20 40 -40 -20 1] 20 40
d(th) O S 2 h dW C % ui>j — Lateral distance from centerline (cm) - Lateral distance from centerline (cm)
= + Fr
dx dh wdx 7 5 | 5 B ~ _
_ £ 15 £ 15
] ] — 2 Dotted lines are numerical model results = =
Fluid momentum equation dx 1—Fr | | 5. g
d U dh U 2 > 0 Dotted lines are numerical model results . g E
U — g -+ g S —_ C —_— d_VV_ 2tan 9 -400 -3|00 -2I00 -1I00 (I) 1(|)0 2(I)0 300 -400 -300 -200 -100 0 100 200 300 % 5 E 5
dx dx / h dx B Distance from shoreline (cm) Distance from shoreline (cm) @ X=68cm @ x=94cm
Note for Parameters: Figure 5. Comparisons of results of river longitudinal profiles from flume experiments (Figure 1) and numerical Y temidisanceromcenterina(am) | Lateral distance from centerline {cm)
Bedload transport rate U = streamwise velocity, h = water depth, S = bed mrc])_cllel folfd(,?_) M1 or cilceposfiltional regime and (B%I\/IZ_ orlero_sio_nalr:egime. Dfolttedﬂline§ are frlcl)m nhumeLicaI mc;del ) 2 transient run (ML)
0. = 3.97 W(RgD3 )1/2 (T* _ o )3/2 slope, C, = friction coef., w = width of water jet, while solid lines are from ume.ex.perlments. The ripple size in the case of low flow is sma er than the one for
S 50 c . . : high flow. Note that due to the limited flume length, we only study a 4-m channel subsection upstream from the Figure 7. Evolutions of cross-sectional profiles at four longitudinal
D:, = grain size, 7* = dimensionless bed shear river mouth in Figure 4 | | : | o al p g g
Evolution of the bed by continuity for dilute flow  stress, A, = bed porosity, n = bed elevation, o= ocations along the basin; (A) M1 transient run with time steps =5, 6,
land subsidence rate. w. = width of sediment - and 8 hrs from thinnest line to thicker lines, and (B) M2 transient run
(1 — % )(5_1]+ 0) — 1 JQg - s T T n i I: R ) B with time steps = 3, 13, 43, and 103 mins from thinnest line to thicker
p W 0X depositional zone, Q, = sediment trans!oort rate, Fr s ) § .8 s . lines. Dotted lines are M1 equilibrium case and dashed lines are M2
= Froude number, x = down-channel distance, t = 5 8 /B IO : - - equilibrium case. Notice the levees formation in the case of M1 runs
time, 6 = plume spreading angle g” PSS |||HI||' - T P : and the scour hole development in the case of M2 runs.
| ) ! T m 8 "':"i"ﬁ" 3 =7
Normal Flow : Backwater / Drawdown : River Plume - M r—— ; "“’:’“ﬁ? '—"‘:E-E——‘-* , I B E I —t ) "E#:JI T T I
’ W Longitudinal Distance (cm) oo o Eon&ﬁudfﬁal Distance 1{Eg:m}wﬂ o Longitudinal Distance (cm) Longitudinal Distance (cm) h .
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low and high flows; In natural deltaic rivers, normal (steady and uniform) flow is not
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use numerical results ST = s e - expected near the river mouth due to the standing water level in the
as a guide, run : iti - : i e T 7 \1 < : P . : .
e 8 guce, un Bt U ERE S e e gl (Z » g g S basin (ocean or lake), which creates a transitional or backwater zone.
; = | \Ls\\ ‘\Y il 9 — _10’ = .
| [ 0 = =S 5 o ¥ = Both the numerical model and the flume results here demonstrate
* Using walnut shell, D = Distance upstream of river mouth T 'x 5. ! .. T ,, 5. : . .
200 microns. R = 0.3 Figure 2. Schematic of backwater d _ 2 : 70 ) : that (1) during low flows backwater hydrodynamics cause spatial flow
’ ' . Schematic of backwater dynamics; Wil = , i — I | o= o ey B SN . . ..
. Lowflow (L5 /s, @.= M1 regime (blue line) and M2 regime (red line) N R e mEIev - Congitudiial Bistance (am) e cm ongtudinal Dstance (6m) decele_raﬂon_ and downstream-propagating wave of dep_05|t|on, and
1.1g/s,H=6.4cm, S= 2 Q,, (1/s) After 6 hrs ’ After 8 hrs ’ After 43 mins After 103 mins (2) durlng hlgh flows the_baCkwater Zone b.eComeS a region of Water'
0.0015 (equil.) N M2 equil. M2 transient A M1 _ Mo-to-M1 _ surface drawdown, spatial flow acceleration and bed scour in the
+ High flow (3.41/s), Q, = | (A) M1 transient run (M2-to-M1) (B) M2 transient run (M1-to-M2) river channel and the offshore plume areas. A flood hydrograph in
1*3 gﬁ:’: 1?|-5; cm, 5 . 72 bre El'gl:re 3. Figure 6. Contour plots of bed evolutions in the offshore basin from flume experiments; (A) M1 transient run and (B) M2 natural rivers with different discharges can switch the hydrodynamic
= U equil. . . . . . . . . . . . . .
- et || s v exT)neriorrr]entaI transient run. In the case of M1 transient, for the first 4 hrs the morphodynamics only occur in the river-channel section regimes from spatial acceleration to deceleration, and vice versa.
il 8.0 runs (Fig. 5A); hence, the basin topography is the M2 equilibrium. After 4 hrs, the bed deposition occurs beyond the river Offshore levees formation during low flow is found to be an
_ | | 10.5 hrs hrs . mouth and fills the scour hole from previous M2 condition. In the M2 transient case, the bed changes occur faster; only autogenic process and here occurs due to bedload, while during high
Figure 1. Caltech experimental flume studying backwater > after 3 mins, erosion re-creates the scour hole. After 103 mins, however, it does not yet reach equilibrium state. Dashed flow there is an offshore, deep scour hole generated.

dynamics lines are the locations of the cross-sectional profiles in Figure 7.
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