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Abstract

Floodplain deposition maintains and builds up low-lying lands along rivers and on deltas. Over geological timescales, floodplain deposition
and channel migration determine lowland depositional architecture with impacts on reservoir characteristics.

We advanced a 3D floodplain architecture model, AquaTellUs. AquaTellUs uses a nested model approach; a 2D longitudinal profile,
embedded as a dynamical flowpath in a 3D grid-based space. We model the main channel belt as a 2D longitudinal profile that responds
dynamically to changes in channel geometry, water discharge, sediment load, grain-size distribution and sea level based on first-order,
physics-based principles. Sediment flux is described with a modified Exner equation by separate erosion and sedimentation components.
Erosion flux along the main flowpath depends on river discharge and channel slope and is independent of grain-size. Depositional flux along
the channel path as well as in the lateral direction into the floodplain depends on the local stream velocity, and on grain-dependent settling
rates. Lateral depositional patterns are informed by analysis of remote-sensing imagery of recent flood deposits, particularly along the Indus
River. Floodplain deposition is an event-driven system — only peak discharge events cause overbank flow, crevasse-splays, and potential
channel avulsion. The computational architecture of AquaTellUs preserves stratigraphy by event, allowing for preservation of information of
depositional layers of variable thickness and composition.

We present stratigraphic sections and pseudo-wells resulting from numerical experiments that show the pronounced effect of different
probability density functions for river discharge and sediment load, i.e., flooding recurrence times on the stratigraphic architecture. These
experiments generate training images and enhance reservoir geo-statistical modeling.
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Presenter’s notes: Teche lobe: 3500-2800 years ago; Sale —Cypremort lobes: 4600 years ago; Lafourche: 1000-3000 years ago.
Focus of this presentation is on Holocene channel belts in the depositional stretches of a river system.




Channel-belt formation — a single flood event
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Indus River in 2010: heavy rainfall from day 208-210 (July 27t-30t)
Flood wave travels through the main channel in 10 days, then into the delta in 10
days. Flood wave travels through breach and low-lying floodplains in 42 days.






Lateral migration
zoo%e. during the 2010
% % flood, was 339 m in
just 52 days on
average along 1000
km of its lowland
river length.




Stratigraphic Research Questions

= What is the internal architecture of channel belts?
* How does stratigraphy vary downstream?
* How are channel belts impacted by different flooding regimes?

= Under what flooding conditions are deposits amalgamated?



Variable Discharge
and Sediment input (t)

| Model AquaTellUs

Ica

Numer

Methodology
Sea level (1)

Flowpath (t)

RN
DA
.%o,..,o XX

SRR
)
.x....”..”,« " ,v...“.,“.......
X ”oo%oz. ,oo x‘oA’o..o
X " ..—. O .»t & oo‘o A%
DX RO
DX ROAAA TN
XSRS
AR
PEKRXY ..%.,...N,.“,”Vo
.”..”?.”o
D
OO
.o&.o,”,. W,

2

dictions

IC pre

h

AquaTellUs is designed for stratigrap

bedload, 3-5 classes of suspended load.

IN S1Zes

= Model runs for multiple gra

, flow baffles are preserved

Ime

t

Ing in

= Model preserves layer

104 of years

» Timescale of flood events, duration of 103



MODEL INITIALIZATION
define model space X,Y,Z
get input files f(T)

RIVER INPUT
discharge
sediment load

sediment pro perties

TECTONICS
subsidence
fault-related

FINAL OUTPUT
sediment properties
pseudo wells
X-sections, timeslices



Presenter’s notes: Exner Equation, first principles (Paola 1992).




Lateral Sediment Distribution

Basic principles of sedimentation across channel belt and floodplain:
» Exponential with distance from channel (Pizutto, 1987; Goodbred &

Kuehl, 2000).

« Variability in floods creates Gaussian distribution; and error function
solution (Paola, 2000; Overeem, 2005).
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F(y)=

y = horizontal distance normal to flowpath
o = standard deviation across sedimentation zone
U = position of flowpath axis L



= 100 years, Q=constant, no switching
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X-section at 40 km
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X-section at 40 km

o g 14

lf N ii'l

0 40 B0 120 160 200 240 280 32) 350 400
N Median Grainsize [mu]

X-section at 80 kn

Presenter’s notes: Downstream fining to silty levees in fluvio-deltaic floodplain; Downstream thinning.



X-section at 40 km
Coarse-grained River
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Summary

» AquaTellUs models stratigraphic architecture of ‘recent’
channel belts and at first inspection matches field observations

= Channel-belt topography is affected by discharge variability;
It self-organizes to an exponential shape with larger variability.

* Model predicts strong downstream fining, predominantly a
consequence of sediment availabllity. Siltier, lower channel
belts occur towards the coastal floodplain

» Model predicts significant interconnectivity in coarse-grained
river simulations, both between events and between channel
belts.
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= BN Lonfigure Component

—{ Input Files and Directories = Run Parameters ~ Sediment | River Characteristics

Number of Grain Size Classes (-] {3.0, 3.0} 3

Grain Size of Class 1 (mm) {1.0E-4, 4.0} 0.6

Grain Size of Class 2 (mm) {1.0E-4, 4.0} 0.4

Grain 5ize of Class 3 {(mm) {1.0E-5, 4.0} 0.004

Fraction of Coarse Sediment{mm) {0.0010, 1.0} 0.33

Fraction of Medium Sediment{0-1) {0.0010, 1.0} 0.33

Fraction of Fine Sediment(0-1) {0.0010, 1.0} 0.33

Travel Distance for Coarse Grains (m) {200.0, S0000.0} 800

Travel Distance for Medium Grains in fluvial domain (m) {200.0, 50000.0} 4000

Travel Distance for Fine Grains in fluvial domain (m) {200.0, 50000.0} 6000

Travel Distance for Coarse Grains in marine domain (m) {200.0, 50000.0} 5000

Travel Distance for Medium Grains in marine domain (m) {200.0, 50000.0} 20000

Travel Distance for Fine Grains in marine domain (m) {200.0, 50000.0} 40000

Erosion Constant in Fluvial Domain (1/m) {1.0E-B, 0.01} 0.0005

Erosion Constant in Marine Domain (1 /m) {1.0E-6, 0.01} le-05
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MODEL INITIALIZATION
define model space X,Y,Z2
get input files f{T)

HydroTrend

RIVER INPUT
discharge

TECTONICS
subsidence
fault-related

waves
longshore transport
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SLOPE FAILURES

FINAL OUTPUT
sediment properties
pseudo wells

X-sections, timeslices

Presenter’s notes: This requires more work on basic code and BMI; make as many parameters as possible passable. Model will benefit and

become more robust.
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