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Concentration Definition

* Depth-averaged

* Coefficient for transport (advection term)
* Used in HEC-RAS 1D

* Velocity weighted (Einstein definition)
1 h
C, = ﬁ_([ucﬂ‘dz q, =UhC,

* Simpler formula for transport (advection term)
* Used in HEC-RAS 2D
* Coefficient in temporal term

R 1" A 1
C =—|cd _ -
“ f “wh g, =BURC, F UhC
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Total-load Transport Equation |

* Unsteady Advection-Diffusion Coefficient
k : Grain class

0 hC h:Water depth
—| —% |+V-(hUC, )=V -(£,hVC, )+ E, - D, ' P
ot " <\ Y C, : Total-load concentration
v " &, Total- ,
Advection Diffusion Siop, '005/2‘/0 B, : Total-load correction factor
Temporal U : Current velocity
or Storage g, : Total-load diffusion coefficient
* Simulating total-load instead of separate bed- and E, :Total-load erosion rate
suspended-loads reduces computational costs because D, : Total-load deposition rate

it requires half as many transport equations

Background

. Sediment Concentration
* Most natural conditions are

Time-Series
advection-dominated
* Diffusion is utilized here to describe the € - - ¢
horizontal mixing of sediment in the e
. . t
water column due to turbulent mixing
and dispersion Advection
. . . C
* Dispersion of bed material also occurs

due to the bed mixing ;
* Bed provides a storage mechanism
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Diffusion Coefficients

* Total-load diffusion coefficient
g, =r,&, +(1-r)e,
* Suspended-load diffusion coefficient

* Eddy viscosity from hydraulic model
or
* Computed as

v, =c,uh

* Bed-load diffusion coefficient

_ ’
Ep = Cylhud,,

e,

¢, : Diffusion coefficient [L*/T]

r, :Fraction of suspended load [-]
o, :Schmidt Number [-]

u. : Shear velocity [L/T]

¢, »¢; - Calibration oefficients [-]

[




3 Transport Model and AD Parameters: - [m] X
1D Methods:

Routing Method (1D): IDonlinui!y LI

Sediment Junction Split Method: IFlow Weighted LI

Pool Pass Through Method: IUpslream Capacity LI
2D Methods:

AD Parameters ] Erosion Parameters ]
/ Load Correction Factor

[V Totalload Correction Factor
Bed-Load Correction Factor: IVan Rijnwu Zl

N Suspended-Load Correction: IExponenlial Conc Profile LI

Transport equation

hC

tk

or\ (B,)

— Concentration
Current velocity

— Suspended transport
Bed load

Elevation

'] ol |:|

Yan Rijn
YWan Rijn-wiu

hillis and Sutherland

Rouse Conc Profile

+V-(hUC,) =V -(5,iVC,)+E, —D,

1

Calibrate Transport Function...

B

- rsk/ﬂsk—"(l_rsk)/ﬂbk

. e B e
Load-Correction Factors
. — Concentration
* Total-load Correction Factor Current velocity
ﬂ 1 g — Suspended transport
= b~ Bed load
! Fa ! By +(l=r)/ By 3 o
h
* Suspended-load '[0 uc,dz
—Jo * u
sk . - _ My
uc, Bed-load 3, U
6 T T T T
==== Phillips and Sutherland (1989) - -
5| |= = vanRijn (1984) s
& Ll Wu et al. (2006)
S
~ %0 3r 1
<, |
il ]
0
0 2 4 6 8 10
; B T
7
W/ Sediment Data
File Options View Help
M e User Defined Grain Classes ...
Total-Load Correction Factor = =
Bed Change Options (1D)...
Tnnsport?llﬂods... [y
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* Defined as ratio of suspended to

Fraction of Suspended Sediments

HEC,
s Do

total-load
r, = e .
9 . | ) ~-== Jones and Lick (2001)
Boshi ! - - Greimann etal. (2008)| |
£ \ ' ——Van Rijn (1984)
* Approximated as ratio of potential o6l
loads . g
- 4y £ 04|
T ® Jsk =« s
9 §02/
=
* Methods % 6
. Rouse number
* Capacity
* Empirical methods
9
9
N ol . . . . = 8 5
Verification: Advection and Diffusion
Uniform flow with a step function
* Analytical Problems 1 S Flow i
* Grid and time step " Ui 21
convergence g oo s o
* Analysis of relative g o s, 12
performance of . e
difference schemes s o
Uniform flow with a boxcar function
| Flow | =i
; A S
% ’ /1‘3\\ —+—Upwind, 12 min
§O.4 J *\
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il P . S
Verification: Advection

First order
scheme
* Advection of a scalar after full rotation
in a circular basin Upwind
* Purpose to evaluate
numerical diffusion,
monotonicity, and
conservation High-resolution
« Scalar should rotate without Sscheme afttertf“”
changing rotation
. . o, . 1
shape or exceeding initial
bounds .

0.17
0

11

Overview of Numerical Methods

* Transport Equation
* Finite-Volume Methods
* Implicit Generalized Euler Temporal Scheme
(15t—2nd Order)
 Advection Schemes (1%t and 2" Order)
* Linear 1%t Order Difference Schemes
* Nonlinear 2" Order Flux Limiter Schemes
* Anisotropic Diffusion
* Linear Two-Point Flux Approximation
* Direct and Iterative Sparse Matrix Solvers

* Semi-Coupled Flow-Sediment Scheme

y
1

)
\

Elevation

* Bed Sorting and Layering
* Finite-Differences

* Subgrid Hydrodynamics, Erosion,
Deposition, Bed Change, Sorting, and Layering

Area

12



Numerical Methods

* Advection-Diffusion Equation

o[ hC
—| —%|+V-(nUC, )=V -(&,hVC, )+E, - D
ot ﬂ N J o~ N
g Y roc; e
Advection Diffusion OSiop, poS/'l‘/bn
Temporal
or Storage

* Integral Form @

jﬁ[@jdmjv-(qu)am = [V-(e,ivC,)da+[(E,-D,)dA
“ot\ B y y y

t

13

Discretization: Diffusion

* Finite-Volume Discretization

S
[V-(e,ivC, 4= [(&,hVC,)-n]dS ~ ZA (£,VC,), n, 2@

* Linear Two-Point Flux Approximation
* To simplify notation let $=C

* then
(8V¢)/' n, zI:(‘(;fnf)'npN](V(ﬁf ‘IIPN) &V Ctkf g, ¢Z;¢P AXPN=|xP—xN|

PN
&, =(en,)m,,

14

12/9/2022



12/9/2022

Diffusion Coeff

B3 Transport Model and AD Parameters:

a

1D Methods:
Routing Method (1D} [Cortiity ]
Flow Weighted hd
-

Upstream Capacity

Sediment Junction Split Method:
Pool Pass Through Method:
2D Methods:

AD Parameters ] Erosion Parameters ]

0

Load Correction Factor
[V Totakoad Corection Factor
Bed-Load Correction Factor:  |Van Riin‘wu v
Suspended-Load Correction: [W

f Diffusion Coefficient

~
Total-Load Diffusion Method: |'Weighted Suspended and Bedloac v

Susp Diffusion Method:

icient

0

v

¢/ Sediment Data

File Options View Help
{ Initiz User Defined Grain Classes ...
Set Cohesive Options ...
Bed Change Options (1D)...
Transport Methods...

L

Calibrate Transport Function...

Transport equation

+V-(hUC,)=V-(gJnVC, )+ E, - D,

k

hC,

th

¢ Accounts for:

* Turbulent mixing
* Dispersion

* Dynamic requires a coefficient

|Weighled Suspended and Bedloac
None &

W t nded and Bedload
BedLoadDifusionMethod  [Dyname %] Susp Diffusion Method: Eagjr\?f‘ichschmidtu -
S R
Bed Load Diffusion Method: Hone n
W Cancel | 15
15
. . . JES,
Discretization: Advection
* Finite-Volume Discretization
n S
[v-(nuc,)da=[[(hUC,)n]dS~ Y s, ,0,C,,
A S fes,
* Advected concentrations at faces are interpolated
from cell values with advection scheme
* Upwind _
S .,=nNn_.-Nn

* Exponential ef ef 7

* Harmonic s, - Outward orientation [-]

e Minmod

Q, :Face Flow [L*/T]
16
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Advection Schemes

* Upwind Scheme

¢f:¢C:Qf

* First-order
* Most Stable

e Advection Term

Z S Qr#r = Z

feK(e) feK(e)

L(04,+04) 0

5o (018, +0/4y)

HEC

Cyree”

1%
1 L R
ZE(Q./’ i‘Qf‘) Y
S, =M, M,

S : Outward orientation [-]
Q, =AU, : Face flow [L°/T]
4,: Face area [L]

U, : Face velocity [L/T]

17

Advection Schemes

* Exponential Scheme
* Based on 1D analytical solution of AD egq.
* Linear and 1%t order

* Reduced diffusion by applying a
reduction to the mixing term

* Reduces to upwind scheme if there is
no diffusion term

O/, — 4,6, V.9, = [DfA (‘Pf‘) +Q;J¢L
—[DfA(\PfD—Q; Iz

HEC,
Sy
1% :
\\ ----- Hybrid
\ = = = Powerlaw
o8l " ---------- Exponential |
f\\ Upwind
W,
\
~ 06 N
o \\“s
= s
Ny
< oaf N\,
\\ ‘Q'
\ >,
\ .,
Y &,
o2k \ .
. \ P,
Y ey, -
\ - -,
Y s g,
0 p I :
0 1 2 3 ° °
P
P
U Ax,,
. +
< Q ! Qf - Qf
. 18
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HEC,

II!II —HEe

Advection Schemes

* High-Resolution Schemes v ¢l »
/
_ w(r) _ Structured
¢f _¢c+ > (¢D ¢C) Mesh
C
* Sweby r-factor ¢ 1 ° .
_ AXCD ¢c_¢u

r_¢1)_¢c Axye Y Q

* Second upstream value estimated
as Unstructured

Mesh
=4, - 2941, [ 27,

=X, —X¢

X

l.CD

19
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Advection Schemes

. . 2 T T T — —’:; —————— Sud
* Flux Limiters L ke
Rt Phd
* Minmod (Roe and Bains 1982) Pt
15F e T
. /’/ “:__._.
v (r) = max [O, min(r, 1)] _ =
[ o
. - % 2nd Order TVD Regi
» Harmonic (van Leer 1974) T 2 Minmod
Superbee
s L/ | MUSCL
v+ ‘I"‘ : /7 WACEB
V) =— 7 = = =Koren
W( ) 1 + ‘r‘ ————— Harmonic
OSPRE
0 . . . : ; .
0 0.5 1 1.5 2 25 3 35 4

r
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Advection Scheme —
HEC-RAS Sediment Computation Options and Tolerances
General 2D Computational Ophons' . UpWInd
Tran: t
Fxponental] - * Most stable (and diffusive)
sedmentriarse Epmenta . * First order and Linear (no iterations)
Impiicit Sediment Weighting Fax
P ——— * Exponential (Patankar 1980)
Maximum # of Iterations: ¥ * Based on 1D steady solution of Advection-
(Goncenration ax Abe Exror (mod): o.001 Diffusion Equation
Concentration RMS Error (mg/L): 0.0001 * First Order and linear (no iterations)
Grain Class % Max Abs Error: 0-001 e Minmod (Roe 1985)
s * TVD Flux Limiter
it () Min () Max ()] * Second Order
R e o * Non-linear (requires iterations)
e —  — * Harmonic (van Leer 1977)
Subcell DepositonMethod:  [Vencer 7] ¢ TVD Flux Limiter
Max Subgpid Reggons (Optonel): ! * Second Order
oS S Do [ * Non-linear (requires iterations)
21
Defaults...|  Cancel oK Show XS Weights >> ]
21
_HEC
Discretization: Temporal Term —
* Finite-Volume Discretization
J.g thk _ ﬁ C;k . _ﬁ Qi Ctk,i _ Qi Ctk,i _ Qi Ctk,i
4 ot ﬂz‘k ot Q lek ot IBﬂm Atﬂﬂu‘ Atlgtk.i
* Time stepping
* Two-step method
* Generalized Euler for advection-diffusion,
and backward Euler for Erosion and Deposition
22

22
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Discretization
* Final Discrete Form
n+l g n+l ngn
2 C" LG, RN [DfA(\Pf\)Jrsi fQ;]JrAt 3 [DfA(‘Pf‘)—si fo]Cyf
B B JEOLE ’ ) s | )
+A(Ey v @, Crl) A —— Z 0, |wr(Cri-ci)
2 =
* Assembly
a,Cpii+ D a,Cii=b
JeN(i)
23

Recomendations

* Default advection scheme is Exponential, which reduces to Upwind if
no diffusion is included

* Never use Upwind scheme and diffusion at the same time as this will
produce too much diffusion

* If model convergence is good, switch to High-Resolution (i.e.
Harmonic and Minmod) schemes or better accuracy and compare

* If High-Resolution scheme results not significantly different, switch
back to Exponential scheme

* Use suspended diffusion coefficient based on turbulent eddy viscosity

24
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US Army Corps
of Engineers

Thank Youl!

HEC-RAS Website:

https://www.hec.usace.army.mil/software/hec-ras/

Online Documentation:

https://www.hec.usace.army.mil/confluence/rasdocs
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