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Sediment Settling Velocity Affects
= sediment transport process

reservoir and harbor designs

wetland reclamation and restoration
waterways navigation

more ...

Previous Studies
" Process-based approach
Drag + Buoyancy

w = f(S,Cp,ps, ) 9)

Reynolds number (Re).

Laboratory experiments were
conducted for C,, — Re relation.

* (Cp is a function of particle

Drag = fi1(p, Cp,S,w)
Buoyancy = f,(p, S, g)

p: water density

Cp: drag coefficient
S: grain shape

w: settling velocity

I g: gravity

ps: sediment density
A=ps/p-1

Settling
particle

B

Many models have been proposed.

Comparisons of different models within integrated data are rare.

Uncertainty remains in real applications.

= Parametric data-driven approach

Goldstein and Coco (2014):
* Compiled a multi-source database from literature

w, D (grain size),v (water kinematic viscosity) and A

* Trained w = f(D, v, A) in a genetic programming software
* Picked the best fit from all candidate solutions
* Need pre-specify mathematical operators.

Model Development

= Parameter tuning and model selection

* test data size, number of trees, maximum depth
* grid search with 5-fold cross validation

This Study
= Aggregated database

* 13 distinct experimental data sources
* 756 non-cohesive sediment settling data in water
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= Random forest regression
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Model Update

» Theoretical data

* Select 1000 sediment particles with fixed density (2650 kg/m3) and varying
grain sizes evenly distributed between [104 102] m.

Scenario Tuning parometers ;ra;?vilr;eEdataR — T;As; ;Eata = * Estimate the particle settling velocities in water using the process-based
test_size ntrees max_dept * * * * .
1 0.1 _ 100 5 157 267 099 254 481 097 equations (VR89, SB97, CH97, WWO05 and SHQO9).
[ 2 0.2 150 9 137 2.35 099 2.42 4.28 0.97 | . . .
3 03 100 5 135 230 099 244 438 097 * Average the estimate values of each particle as theoretical data.
4 04 350 11 117 213 099 260 464 096 . .
5 05 400 13 116 215 099 255 465 096 u |ntegrat|0n of theoretical data
6 06 400 5 205 331 098 306 555 095 . ) )
7 07 150 6 162 234 099 330 6.4 093 * Randomly pick 10% of the theoretical data to retrain RF and get RF_update
S S roa o 250 00 dsE ase 0% * Evaluate model performance on the rest theoretical data via an individual
* 102 m/s . |W;lew_W]l'|
12 a) Training data (605 measurements) 1.2 b) Test data (151 ) aCCU racy metrlc: IA’.] = 1 - l— I}
. . MAE= 2.42 x1072 m/s ) Wnew
* Scenario2  g,,| e ‘ P : : S :
oHi EN) ek 4 where w),,.,, is the theoretical value of the ith particle, w; is the estimated
“*High accuracy 2 ) } ) ]
*No overfitting ~ 8°° A value of the ith particle by the jth model.
#Simple structure 2, *a
£ v ia
] A
E 0.4 A 10 7
g A
o IA | | | L t;alir"mg data 0.0 - ﬁigma Prediction Interval 0.9
o O(Lzserve%“settlil)ﬁZ velg.csity (ni;;) 2 00 Ool;zserv:.; set::);?ng vgjfocitylj?m/s)liz <
0.81
Model Comparisons ,
/ —— VR89 —— WWO06 —-- RF
[ ] ACCU ra Cy on test data 0-7 SHO9 min = 0.58 GC14 min = 0.07 : 2?;77 - ZZ‘?Z T e
sand gravel sand & gravel 10° 10t 102 10°
Model Name Re
MAE* RMSE* R? MAE* RMSE* R? MAE* RMSE* R?
Van Rijn 1989 (VR89) 1.18 1.62 0.92 7.65 10.60 0.78 344 639 093 -
Soulsby 1997 (SB97) 136 1.93 0.89 8.17 11.40 0.75 373 690 091 CO nCI u SIO ns
Cheng 1997 (CH97) 112 176 091 7.95 10.62 0.78 3.51 6.43 0.92 . . . .
Wuand Wang 2005 (WW0S) ~ 0.96 1.35 0.94 1034 1334 065 423 796 088 = Non-parametric data-driven approach reduces the uncertainty in
Sadat-Helbar 2009 (SH09) 140 210 0.86 10.47 13.51 0.64 456 8.16 0.88 . . . . .« . . .
Goldsteinand Coco 2014 (6C14) 156 223 085 667 860 085 330 539 095 estimating sediment settling velocities under various physical
— This study (RF) 0.87 1.21 0.96 5.31 7.07 0.92 242 4.28 0.97 regimes.
S tivity test s - ; = The data-driven model has an easy-implemented update capability
u PRIE a . . .
ensitivity tests oo by integrating theoretical data.
i SO P = Leveraging experimental and theoretical knowledge to enhance
] b, o estimate performance provides an alternative framework for
vl l l 1 sediment transport study.
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