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Model Calibration

* Defined as determining a unique set model
parameters and formulations that provide a
good description of a system behavior

* Goal and methods will depend on study
requirements and data available

* In sediment transport modeling, calibration is
generally limited by data and therefore model
uncertainty is address with sensitivity analysis
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Sensitivity Analysis

* Defined as the analysis of how uncertainty in

* Generally required to address parameter and

Parameter Space Function Space

model input parameters and formulations A rls !
produce uncertainty in model output
N B X J

structural/formulation uncertainty in sediment
modeling
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Modeling Stages

* Modeling stages tend to overlap
* Iterative and incremental process
1. Exploratory: Determine reasonable initial model setup

2. Sensitivity: Determine what model parameters need to be
calibrated or varied to estimate model uncertainty

3. Refinement: Improve the model setup in preparation for
calibration runs

* Adjust mesh resolution, domain extent, number of grain classes,
model parameters, etc.

* Larger emphasis on comparison with measurements

4. Calibration: Determine optimal model setup to
match physical system

5. Validation: Confirm calibration setup works for other time
periods

6. Alternatives Analysis: Study system responses to proposed
changes
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Hydraulics Calibration

* Quality of hydraulics model much more important when
simulating sediment transport

* Sediment models more sensitive to issues with
* Boundary conditions, initial conditions, terrain, roughness, mesh quality
etc.
* Water levels can be calibrated with very coarse meshes
by adjusting the Manning’s n
* Be weary of models calibrated with water levels only
. Capai\qcity Only sediment models can be run on relatively coarse
meshes,

* Mobile bed models require accurate velocity/shear stresses with
higher resolution compared to models designed only for capturing
water levels

* Spatially variable roughness very important

* If velocity data is not available, perform a grid convergence on
concentration capacity profiles to determine an appropriate
initial grid resolution for a mobile bed sediment model

Data Collection

* Additional hydraulic data such as current velocities

* Repeat bathymetry
* Use reference lines and polygons
* Careful comparing point data
* Use Bed Elev (no Grad) to “precondition” model

* Bed gradations
* Can be very noisy
* Careful interpolating raw data
* Often better to compute representative bed gradations
and then use the Gradation (no Elev) to “precondition”
the bed gradations
* Concentrations and Transport Rates

* Careful comparing point concentrations to depth-
averaged concentrations

* Better to compare total-load transport rates

(3 2D Sediment Options

Simulation Components:

Sheet and Splash Erosion:

Erodibility:

- [m] X

All Components
Capacity Only

Concentration Only
Gradation [ho Elev)
Bed Elev [no Grad|
All Components
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Model Parameters and Settings —

For initial guess with common sense, experience, and recommended guidance
based on hydraulic and sediment conditions

Narrow down appropriate setup with Exploratory and Sensitivity Analysis
Start simple and slowly add complexity

° |terat|ve process [3 2D Sediment Options - o X
- Simulation C . All Components
* Stay Open Minded deien Comperen I Capachy O
i K . . Sheet and Splash Erosion: Concentration Only
* Don’t be afraid of trying things - fadslen oo Elev)
rodibility:

* Unexpected results are common o
Develop hypothesis for model changes
* Investigate unexpected behavior or results

Model accuracy determined by project decision thresholds
* No deposition allowed vs. max 10 ft of deposition
* Question if any improved accuracy will change the project outcome

Keep it real (sediment modeling is very uncertain)

HEC

Inspection/Review of Model Output and Logging ===
* Global Mapping Output

| Unsteady Flow Analysis

Sediment Dredging Options ...

* Start heavy (lots of output at small intervals) File Options  Help
. . . . Plan: | Stage and Flow Output Locations ...
* Decrease as mesh size and simulation window length o T re
increase SeasonalRoughnessFadorvs...‘
* Inspect/explore variables such as shear stress, capacities, P e T L
concentrations, bed fractions, etc. P st 2
r s :;‘
* Time series A
* Inspect time series at boundary conditions, reference S sac sl Yy W
points, lines, and areas - com
. . w0
* Computation Log File
* Verify model setup s
Sedi rged
* Check model convergence ’7 Sedi {opsn B o
=

~  Check Data Before Execution
View Computation Log File ... N

View Runtime Messages ...




Calibration Parameters and Settings: Noncohesives

* Sediment transport function
* Transport scaling function

* Modifying transport function coefficients

more difficult

* Incipient motion
* Hiding and exposure
* Mobility factor

* Bed gradation

S
B3 Transport Model and AD Parameters: - o X
1D Methods:
Routing Method (1D}): Continity v
Sediment Junction Split Method:  [Fow Weighted =
Pool Pass Through Method: Upstream Capacity v
2D Methods:
o AD Parameters A i |
Adaptation Coefficent
0 Total Load: Tatal Length =

Total Length: [100. ft

* Only calibrate within bounds of
measurements or reasonable limits

» Adaptation parameters
* Load Correction Factor
 Diffusion Coefficient
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* Cohesive Erosion rates

* Threshold shear stresses
* Deposition threshold

* Excess shear exponent n

* Bed gradation

* Only calibrate within bounds of
measurements or reasonable limits

* Flocculation
* Can vary by orders of magnitude
* Free settling velocity not sensitive

* Bed layering and
* Use 1 or 2 cohesive grain classes!

9
HEC,
Calibration Parameters and Settings: Cohesives ==

B3 Cohesive Options

" Use Selected Transport Functions for All Grain Sizes
(O

(" Use Krone/Partheniades (HEC 6T Capacity Method)
Erodbiity Parameter Type: [l |

Partide Erosion

User Specified Flocculation Curve:

Mass Wasting Erosion

Concentration |_Fall Velocity [l +.
Threshold (1) [0.5 ®a) [ ®a) 1 mgh | mms
Slope of the 1 100 0.1
ErosonRate (M) [0.1 Nm2b) v ) o2 (N/m2 hr) 2] 200 0.2]
Curve 3] 3000 0.3
Alternate Cohesive Approaches (2D Only) 4| 50000 0.33
S [ e e [ I -
3 6|
©0) ) | 120000 0.1
| 8
= L~
= =
5= Consolidation Curve
8 E Tme | BukDensity
oz 1 dy | kgns
= 1] 0 80
2 0.2 82
3] 1 150
5T 4 4.1 200
B < 5] 25 300,
23 -
8E =
A 8
Class | diam (mm) =
1|Clay 0.004 10
2|VFM 0.008 Flocculation and Consolidation (2D Only) << l
3|FM 0.016
sive Setting oK Cancel
4(MM 0.032
5|CM 0.0625
10
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. . . | HEC
Noncohesive Erosion and Deposition <SEE
of Suspended Load
° Near-bed Model C()S: Fa” Ve|OCIty [L/T]
D=wc ¢, : Near-bed concentration [M/L’]
s s b

¢,. : Near-bed conc. capacity [M/L’]
ES = a)scb*

* Near-bed concentration and capacity difficult to estimate for
depth-averaged models

* Values vary by several orders of magnitude

* Very few equations for near-bed concentration capacity

* Near-bed concentration capacity is very difficult to measure

11
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Noncohesive Erosion and Deposition
of Suspended Load
* Relating near-bed values to depth-averaged values
¢, =aC ¢, =a.C, a, : Adaptation coefficient
(correction factor R ) [-]
* Inserting into deposition and erosion rates a.. : Adaptation coefficient under
DeawC Eeu wC equilibrium conditions [-]
e e w,: Fall velocity [L/T]
* Depth-average concentrations can easily C: Depth-averaged
be computed and are readily available concentration[M/L’]
a ~a, C. : Depth-averaged
“D-FE -aw (C—C*) capacity [M/L]
12
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. . ., HEC,
Noncohesive Erosion and Deposition _—
of Suspended Load
*In fact, under equilibrium conditions «a, : Adaptation coefficient
defined as D—-E =0 (correction factor R ) [-]
and the computed coefficients a,. : Adaptation coefficient under
a #a., equilibrium conditions [-]
then C: Depth-averaged
C#C, concentration[M/L’]
which is obviously incorrect C. : Depth-averaged
* This why forcing &, = &, capacity [M/L°]
is a good approximation

13

Suspended-load Adaptation Coefficient

* Armanini and di Silvio (1986)

* Approximate analytical integration 1
of the pure vertical 2D p
advection-diffusion equation with or
“gradient” near-bed BC

* Zhou and Lin (1998)

* Approximate analytical integration of
the pure vertical 2D advection-diffusior > p
equation with “concentration” BC for R=6w/(ru,)
erosion and “gradient” BC for
deposition

15

— Armanini and di Silvio
= = Zhou and Lin, Erosion
==== Zhou and Lin, Deposition| |

14

14
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Bed-load Adaptation

* Bed-load exchange models are typically
formulated as

1
D, -E, :L_(qb _Qb*)
b
* Adaptation length is a measure of the
distance it takes for the load to reach
equilibrium
* Methods
* Constant [,
» Depth-dependent L, = f,, h  f,, =7.3

_HEC,

e

L, :Bed-load adaptation
length [L]

q, : Actual bed-load
transport rate [M/L/T]

q,. :Bed-load transport
capacity [M/L/T]

15
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Total-load Adaptation Length
» Adaptation approach (Wu 2000) «a, : Total-load adaptation
D =a0C E —awC. coefficient [-] |
! et L, : Total-load adaptation
» Total-load Adaptation Coefficient length [L]
 Constant Adaptation Length C :Total-load
o = hU concentration [M/L’]
" Lo, C.:Total-load
* Weighted Bed- and Suspended-lengths capacity [M/L/T]
B a hU r. :Ratio of suspended-load
Gy = Ty +(1=7) Lo, to total-load [-]
16
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R W Sediment Data ﬁgc‘
aptation Parameters i G s e
User Defined Grain Classes ...
3 Transport Model and AD Parameters: - u} X Set Cohesive Options ...
Bed Change Options (1D)...
1D Methods:
: Transport Methods...
Routing Method (1D): Continity = >
Calibrate Transport Function...
Sediment Junction Split Method:  [Fjo, Weighted = —
Pool Pass Through Method: W TranSpOrt equation
2D Methods: o[ hC
tk —
AD Parameters 6_ a— +v.(hUCtk)_V'(‘("tkhvctk)—i_Ez
t
Adaptation Coefficent th
Total Load: Total Length = £
Total Length: {30, ft weighted Length
Suspended Adaptation Coefficient tant Coefficient Suspended Adaptation Coefficient
Constant Coefficient [ Congtant Coefficient r—
Bed Load Adaptation Length: Constant Length ¥ Bed Load Adaptation Length Constart Length -I

Length ft

Depth Dependent
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oK Cancel
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W Sediment Data
File Options View Help
User Defined Grain Classes ...
Set Cohesive Options ...
Bed Change Options (1D)...
Transport Methods... N
Calibrate Transport Function...

Total-load Adaptation Length

[ Transport Model and AD Parameters: - [m} X —_—
1D Methods: * Related to space time scales
Routing Method (1D): m . .
* Small scale high-resolution models

Sediment Junction SplitMethod: [ Flo weighted v
Pool Pass Thiough Method: — [Upstsam Capaciy =] will have a smaller value

2D Methods: * Large scale coarse models will have a
AD Parameters Iarger Value
Ad, ion Coefficent -
Total Load: [ =] o
T ’ NV Overloaded
t: th: it 5 S,
o ena™ Js0 ‘Weighted Length 154 \ N
|
= |ncreasing g
» Decreases bed change 0
» Smooths bathymetry [ —
7,
» Improves stability o9 | 7 ot s 7

Figure 5.6 Sediment discharge profiles in non-equilibrium transport model.
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W Sediment Data
File Options View Help
User Defined Grain Classes ...

Bed-Load Adaptation Length

Set Cohesive Options ...
Bed Change Options (1D)...
B3 Transport Model and AD Parameters: - ] X Transport Methods... L3
P — | Calibrate Transport Function...
Routing Methad (1D): |Conlinuily LJ |
Sediment Junction Split Method: IFIow Weighted LI
Pool Pass Through Method: [Upstream Capacity =] ° CO nstant I en gt h
2D Methods:
7 . o
AD Porameters | Erosion Parameterd] Most robust
Adaptation Coefficent e Easiest to calibrate
Total Load: ‘Weighted Length v
°
Total Length: |30 ft L Less accu rate
Suspended Adaptation Coefficient: | Constant Coefficient :I' b D e pt h = d e p e n d e nt
Constant Coefficient
Bed Load Adaptation Length: Constant Length = ° Less ro b u St
Lengh [l h * Harder to calibrate

.
Bed Load Adaptation Length: Depth Dependent = M ore accu rate
Coefficent |73
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W/ Sediment Data
File =Options View Help
H M User Defined Grain Classes ...
Suspended-Load Adaptation Coefficient
Bed Change Options (1D)...
Transport Methods... N
Calibrate Transport Function...

B3 Transport Model and AD Parameters: - [m] X

10 Metods: * Calibration parameter
Routing Method (1D): m
Sedment Junction Spit Method:  [Fiow Weighted = * Ma ny processes are lum ped
Pool Pass Through Method: W i nto aram ete r

2D Methods: p

AD Parameters

Adaptation Coefficent 15 \ T T
TetelLoad xstmieclenaty = 1 = Armanini and di Silvio
TotalLength: [30. t 1 = = Zhou and Lin, Erosion
10F! ==== Zhou and Lin, Deposition| |
Suspended Adaptation Coefficient: Constant Coefficient 24 L
Canstant Coefficient 2 e 1
Constant Coefficient \
5 AY
~
-~
S
- - - = - T e - — = = = = ==
0 . . . .
0 2 4 6 8 10

R=6w/ru,)
* v
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Discussion

* Total-load adaptation length
* Use for single mode transport (e.g. well sorted fine sand)
* At least 1-2x cell size
* Weighted bed and suspended load lengths
* Use for mixed mode transport (e.g. poorly sorted sediments)

_HEC_

e

* Try different formulations for suspended and bed-load adaptation parameters

21
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Concentration Definition

* Depth-averaged

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

* Velocity weighted (Einstein definition)
1 h
Cy = ﬂ_([uctk dz q, =UhC,

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

| _HEC

e

n 1] A 1k
Cy h‘([c[k z  q,=pUNC, B e .([uctk 4

tk

22
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HEC_

* Unsteady Advection-Diffusion Coefficient
k : Grain class

o[ hC h:Water depth
—| —% |+V-(hUC, )=V (a,khvc,k)+E D - P _
ot ﬂtk C, : Total-load concentration
¥ A4 E . D . :
H_J Advection Diffasion ms/o,, eposil‘fo,, 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

23

Total-load Transport Equation —

23

Hhell . G
Load-Correction Factors

— Concentration
Current velocity

* Total-load Correction Factor

1 8 — Suspended transport
ﬂtk = E Bed load
T /ﬂsk +(1_Kvk)/13vk uij
h
* Suspended-load jo uc,dz
=<0 u
sk | - bk
U, Bed-load g, =
6 T T T T
===~ Phillips and Sutherland (1989) -
5|= = van Rijn (1984) 3
. Wu et al. (2006)
-QQ 4r
[ %0 3
2t
i
0

24
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W Sediment Data

File Options View Help

Total-Load Correction Factor

— Concentration
Current velocity

—— Suspended transport

Bed load

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

Routing Method (1D): I Continuity

Sediment Junction Split Method: I Flow Weighted

Pool Pass Through Method: IUpslream Capacity

2D Methods:

AD Parameters ] Erosion Parameters ]

Ld Lo L«
Elevation

/" Load Carrection Factor

v Totalload Correction Factor

Mo Carr

Yan Rijn

Bed-Load Correction Factor: |Van Rijn‘wu

= Yan Rijn-wiu

N Suspended-Load Correction: [Exponenlial Conc Profile

Phillips and Sutherland
RN 1) Conection

Ewponential Conc Profile
Fouse Conc Profile

User Defined Grain Classes ...

Set Cohesive Options ...

Bed Change Options (1D).

Transport Methods...

[

Calibrate Transport Function...

ar\ (AL

Transport equation

o (hC,

+V-(hUC,)=V -(£,hVC,)+E, - D,

1
Vo /ﬁsk +(1_rsk)/ﬂbk

25
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Advection Scheme

HEC-RAS Sediment Computation Options and Tolerances
General 2D Computational Options |

Transport
Advection Scheme: Exponential &

Sediment Matrix Solver:

Implicit Sediment Weighting Fac|™M
Harmonic

Outer Loop Convergence Parameter:
5

0.001
0.0001
0.001

Maximum # of Iterations:
Concentration Max Abs Error (mg/L):
Concentration RMS Error (mg/L):

Grain Class % Max Abs Error:

—
—

Max Subgrid Regions (Optional):

Max Subgrid Length Scale (Optional):

Defaults...|  Cancel oK Show XS Weights >> |

Upwind
* Most stable (and diffusive)
* First order and Linear (no iterations)

Exponential (Patankar 1980)

* Based on 1D steady solution of Advection-
Diffusion Equation

* First Order and linear (no iterations)

Minmod (Roe 1985)

C Sedi . .

Layermmssfo;:;:m * TVD Flux Limiter

Initial (ft) Min (ft) Max(ﬂ)l ¢ Second Order

A e F » Non-linear (requires iterations)
Subgrid .

SbcdEwsnetod:  [commr 3] * Harmonic (van Leer 1977)

Subcel DepositonMethod :  [veneer %] * TVD Flux Limiter

* Second Order
* Non-linear (requires iterations)

26
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Verification: Advection and Diffusion

Uniform flow with a step function

F I OW —e—Upwind, 4 min

—=—Upwind, 8 min

MUSCL, 4 min

* Analytical Problems
* Grid and time step :
convergence

* Analysis of relative
performance of
difference schemes

o
®

o
@

Q‘}
\ D2

MUSCL, 8 min

Concentration
o
=

MUSCL, 12 min

al, 4 min

o
o

ytical, 8 min

—— Analytical, 12 min

3 \

3
Y
% 3
% b
“\. N N
300 4

- —
00 500 600 700 800 900 1000
Distance, m

0

.
.
A
At
\
00 200

0 1

Uniform flow with a boxcar function
| Flow | zum

f i —e—Upwind, 4 min
/\ —a—Upwind, 8 min

)

c
S
g t —+—Upwind, 12 min
g 1 ) Y2 h ] 3 Superbee, 4 min
504 N ki { Superbee, 8 min
© ] it \ superb
h ! pert in
0.2 H ' ----Analytical, & min
' ' = = Analytical, 8 min
! | ——Analytical, 12 min
0.0 L - . .
0 100 200 300 400 500 600 700 800 900 1000 27

Distance, m
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Advection Scheme Recommendations

* 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

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

* Use suspended diffusion coefficient based on turbulent eddy viscosity

28

28

14



W Sediment Data
. . o . File 'Options View Help
Diffusion Coefficient
Set Cohesive Options ...
Bed Change Options (1D)...
3 Transport Model and AD Parameters: - m] X
Transport Methods... [
10 l‘P:‘v1ethodsh:'I e Calibrate Transport Function...
outing Metho Continuity v .
Sediment Junction Splt Method:  [Flowweighied <] Trans po rte qu ation
Pool Pass Through Method Upstream Capacity - a h C
tk —
S — +V-(hUC,)=V- (hVCtk ) +E, -D,
AD Parameters ] Erosion Parameters 1 a t ik
Load Correction Factor
, * Accounts for:
v Totalload Correction Factor
. ..
Bed-Load Correction Factor:  |Van Riin‘wu a4 TU rb u I ent mixi ng
Suspended-Load Conrection: |Exponential Conc Profile v * Dis pe rsion
O 3 * Dynamic requires a coefficient
Total-Load Diffusion Method: |Weighted Suspended and Bedloac_v
|Weighled Suspended and Bedloac
None ®
Susp Diffusion Method: Eddy Visc/Schmidt # - Define Constant
Weiohted Susoended and Eedoad__[fimmmmmmm—
I . Dynam\c gsk - Ksu*h
BedLoadDifusionMethod:  [yramc =] Susp Diffusion Method: E ddy Visc/Schmidt # 2
K
C Jo2 & = ! d
Bed Load Diffusion Method e e e — Bu* k
K
o] caneel | 29
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Notes on Diffusion Coefficients e

* More important for fine sediments

* Coarse sediments interact more with the bed and net
dispersion is dominated by bed storage effect

* More important for fine resolution models

¢ Coarse resolution models have more numerical diffusion
* Recommendations

* Total-load: Weighted approach

* Suspended load: Eddy viscosity approach
* Bed-load: Negligible

30
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US Army Corps
of Engineers e«

Thank You!

HEC-RAS Website:

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

Online Documentation:

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

31
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