Common 2D Model Stability Problems
Troubleshooting Strategies

Eric Tichansky P.E., C.F.M
Cameron Ackerman, P.E., D\WRE

USACE, Institute for Water Resources, Hydrologic Engineering Center

s SE e

US Army Corps
of Engineers«




= '\C‘m
GG——"))
=EEaa

2D Flow Area Stability Issues .

* [terations and Instabilities
*Cell size and time step

* Diagnostic Tools

* Flood wave wetting front

* Weird shaped/small cells

* Channel Alignment/cell size
* Partial cell wetting

* Internal hydraulic structures



lterations

HEC-RAS Computations

Write Geometry Information |
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RAS Mapper Visualization
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Model Instability




Iterations.... Investigation

e Ctrl+F (Find a Cell)

‘RAS Mapper
File Project Tools Help

Selected Layer: Perimeters

B[] SA-2D Det Brch A
i @[] Event Conditions

&[] Geometry

. [] Depth (01JAN1939 12:00:00)

i [] Veelocity (01JAN1399 12:00:00)
i i.[]WSE (01JAN1993 12:00:00)
£} [] 2D with Bridges
i @[] Event Conditions

- [V] Geometry

. [] Depth (01JAN1939 12:00:00)

i [] Veelocity (04JAN1399 12:00:00)
i i.[V]WSE (04JAN1999 12:00:00)
E1- [¥] Single 2D Bridges FEQ

-- [] Event Conditions

- [v] Geometry

{ @[] Cross Sections

£ [ 2D Flow Areas R
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-] Computation Points
--["] Breaklines
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Terrain Issues




Cell Size and Time Step

* Too large a time step for the cell size/velocity can cause model
instability

* Diffusion Wave is more forgiving than Shallow Water eqgns. But full St.
Venant more accurate

* Use Courant condition pick the best time step.

* The time step you use will also depend on how fast the hydrograph
rises:
* Fast rising = Lower time step/Courant number
* Slow rising = Higher time step/Courant number



Courant Condition Guidelines

* Shallow Water Equations Fo VAT
* Experience shows, max C = 3.0 AX
* Diffusion Wave Approximation e LV
* Experience shows, max C=5.0 AX
C = Courant Number
\% = Velocity of the Flood Wave (ft/s)
AT = Computational Time Step (seconds)
AX = The average Cell size (ft)




RAS Mapper Courant Number Map

u Results Map Parameters

Map Type

=)+ Hydraulics
Water Surface Elevation
Velocity
Flow (1D Only)
Inundation Boundary
Depth
Courant (Residence Time, 2D Only)
Froude
Shear Stress
Depth * Velocity
Depth * Velocity "2
Energy (Depth)
Energy (Elevation)
Anival Time
Amival Time (Max)
Recession

T LWSETMERY

- [¥] Map Layers
- @[] LendCover
i [[] Google Hybrid
. [ Floodplain HixM
= [v] Temains
~ [ Terrain

. [¥] Courant (Velocity/Length) (02JAN1997 1250 I

[hillshade]

Messages | Views IF‘roﬁIe Lines | Active Feature:s! Layer Valuas]
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Volume Accounting Check

Runtime Messages

J/ZJAN1TY/ 195: 190U AJArea cen ¥ 1Us5 U597 u.u P4
J7JAN1997 15:37:00 2DArea Cel = 1085 4003.97 0.010 20
J7JAN1997 15:39:00 2DArea Cel = 1085 4003.97 0.012 20
J7JAN1997 16:06:00 2DArea Cell = 1085 4003.96 0.010 20
J7JAN1997 16:22:00 2DArea Cell = 1085 4003.96 0.010 20
J7JAN1997 16:24:00 2DArea Cell = 1085 4003.96 0.011 20
J7JAN1997 16:39:00 2DArea Cell = 1085 4003.96 0.010 20
J7JAN1997 16:52:00 2DArea Cel # 1085 4003.96 0.011 20
J7JAN1997 16:54:00 2DArea Cell = 1085 4003.96 0.012 20
J7JAN1997 17:28:00 2DArea Cell = 1085 4003.96 0.010 20
J7JAN1997 17:45; 1085 4003.96 0.011 20

Jverall Volume Accounting Error in Acre Feet: 0.3240
Dverall Volume Accounting Error as percentage: 0.000662
Wtab‘onal Log File™ output for volume accounti

Writing Results to DSS

Finished Unsteady Flow Simulation
1D Post Process Skipped (simulation is all 2D)

Computations Summary

;Qmpgtgﬁhogg : Tme(l’h:mm:gl

Computation Log File

***  Volume Accounting for 2D Flow Area in Acre Feet ey

2D Area

e ok ok ok ok ok ok

Cum Outflow
30 ok ok ok ok ok ok ok ok ok ok

Error
ok ok ok ok

Cum Inflow
ke ok ok ok ok ok ok ok ok ok

Starting Vol

ek ok ok ok ok ok ok ok ok ok ok

Ending Vol

deokokokok ok kR ok ok

2DArea 401.4 48924. 48523. 0.3240

***  Total Volume Accounting (for the entire model) in Acre Feet *kk

fotal Boundary Flux of Water In 48924.
lotal Boundary Flux of Water Out 48523.
starting Volume ©0.000000
inding Volume 401.4

Percent Error
3 ke ok ke ok ok ok ok ok ok ok ok ok

0.000662

Percent Error
e ok ok ok ok ok ok ok ok ok ok ok ok

0.000662
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Maximum Water Surface Error
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Cumulative Max lterations

—Map Type
- Hydraulics
=) Additonal 20 Variables
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Cell Water Surface

Error (For each time step)

Map Type
- Hydraulics
El- Additonal 2D Variables
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Restart File Options | Detailed Log Output l Computation Level Qutput Options  HDF5 Write Parameters |
Optional HDF Qutput Parameters
™ Write warmup time steps to output file
™ Write time sliced steps (in addition to basic time steps)
™ Commit writes (normally writes are buffered, use when computations crash, not go unstable, but crash)

HEC-RAS - Set Output Control Options

Additional 2D Variables Written to Results File (not used/needed for RAS) " I§|

Cell Volume A

Cell Volume Error
v Cell Water Surface Error

Cell Courant

Face Courant

Face Air Density

Face Dispersive Siress
Face Eddy Viscosity
Face Flow

Face Period-Average Flow / Advanced HDF Options ...

OK Cancel | 14




Reduce Output Intervals

I:' Unsteady Flow Analysis
s 3 i

File Options Help

Plan: ROM - Demo - Infiltration

Short ID: [ROM - Demo - Infiltration

RAS Mapper

File  Project Tools Help Debug
Geometry File: IPasmUpperTuEnterprise -Demo - Infil ;I Selected Layer: Velocity @A x X e»u ENISRB V= | Min ”] [
Unsteady Flow File: IGCIU_Easeﬁuw_Precip ;I ""HVBlbciW[MEX) " Il ﬁ; i ._' 7 fl- Selecl’ed.' .'.;,; -
o - ] WSE (Max) (e =7 Id i E
~Programs to Run ~Plan Description - [] Cumulative Precipitation Depth (134PR2020 09:0 ¥ P P 6’
v Geometry Preprocessor - [] Maximum \Water Surface Error o7
"] i i = [w] ROM - Demo - Infiltration G o I
Unsteady Flow Simulation i .
™ Sediment - [] Event Conditions v
B[] Geometry 0
[¥ Post Processor &[] Plan . et
- [] Depth (13APR2020 11:00:00) e O O ¥ /
™ Floodplain Mapping .. [#] Velocity (13APR2020 21: sAR O
- ] WISE {Max) 0 Byl
— Simulation Time Window — -] Cum Ntration Depth (144PR2020 02:00: e :
Starting Date: |11,|5,PP_2|:|2|3 _.I Starting Time: 2400 = . = Lemo - Infiltration [ Snapshot 51% ] LR L
- o B~ [] Bvent Conditions J . =
Ending Date: [1aapr2020 | Ending Time: [1200 1 ] Geometry "L
—Computation Settings | {:J y %
Computation Interval: 1 Minute vI _.I Hydrograph Bl I f
Mapping Output Interval; 1 Hour vI ed Qutput Interval: 1 Hour vI 8 re = 4 3 A
. : ] 12Second & [ - ” |
Project D55 Filename: | 15 Secayd smt\Desktop\2D Class Prep\ROM Demo\Okat gﬁl TA =& s | A4
20 Second (1 L 1\
30 Second debug parameters | T P e ~
v . o
2 Minute Hessa_psl Views I Profile Linesl Active Featuresl Layer Valuesl ,‘ - g
im!”ui 9 | (2185921 51, 3454789 45 1 pixel = 3320 f) rds
inu ompute

3 13APR2020 21:00:00




Snapshot of Results

. HEC-RAS Computations - b
~ Write Geometry Information
Layer: COMPLETE e —————— .
o O x % - 1 ELY R e -
River: BoiseRiver RS: 5012 i .
Reach: Upper Node Type:  Inline Weir
18 Curve: —_——
Finished
| Unsteady Flow Smulation
| Smulaton: p—— - - ]
Time: 355000  18APR2014 14:30:00  Iteration (ID): 0O Iteration (2D): 0
| Unsteady Flow Computations
 Unsteady Post Processor
Date Time:
;'lelalbnltnages
-~
Maximum 10/2D iterations
18APR2014 13:04:32 1D/2D Flow error 1.0770 BotseRiver Lower 3749
18APR2014 13:04:36 1D/2D Flow error 1.2262 Trbutary Spht 3774
18APR2014 13:04:52 1D/ Fowerror -1.3702 Tributary Split 3774
18APR 2014 13:04:56 1D/2D Flow error 2. Tributary Spht 3774 EII
1BAPR2014 13:05:00 1D/2D Fow &fror 1.1B35 BoiseRiver Lower 3749
IBAPR 2014 13:05:08 1D/2D Flow error 1.6173 Tributary Spht 3774
18APR2014 13:05:16 1D/2D Fow error 1.1859 BosseRiver Lower 3749
1BAPR2014 13:05:20 1D/2D Fowerror  -1.0872 BoiseRiver Lower 3745
18APR2014 13:05:24 1D/2D Flow error 1.1193 BoiseRiver Lower 3749
18APR2014 13:05:32 1D/2D Fow error -1.1789 BoiseRiver Lower 3749
18APR2014 13:05:40 1D/2D Flow error 1.0666 BoiseRiver Lower 3749
18APR2014 13:05:48 1D/2D Flow error 1.2239 BoiseRiver Lower 3749
18APR 2014 13:06:08 1D/2D Flow error 3. Tributary Spht 3774 I 1.p07 snapsho
1BAPR 2014 13:06:48 1D/2D Flow error 1.3832 BoiseRiver Lower 3749 wPark2D.p06
18APR2014 14:00:36 1D/2D Fow error 1.0778 BotseRiver Upper 709% wPark2D.p10.
1BAPR2014 14:01:44  1D/2D Flow error 1.0277 BoiseRiver Upper 7093 wPark2D.p03.
18APR2014 14:11:48 1D/2D Flow error  -1.5405 Tributary Spht 3774 wPark2D p09.
18APR2014 14:20:20 1D/2D Flow error 1.0940 BoiseRiver Upper 7099
1BAPR2014 14:29:24 1D/2D Flow error 1.1574 BoiseRiver Upper 7099
| =
Make Snapshot of Results (0-62%)




Commit Writes Before Crashes

X Unsteady Flow Analysis

File Options Help
Plan: Stage and Flow Output Locations ...
Flow Distribution Locations ...
Flow Roughness Factors ...
Pro Seasonal Roughness Factors ...
v Automated Roughness Calibration ...
v
Unsteady Encroachments ...
Ungaged Lateral Inflows ...
[ Dam (Inline Structure) Breach ...
Sim Levee (Lateral Structure) Breach ...
SA Connection Breach ...
Cor Computation Options and Tolerances ...

Hay Friction Slope Method for Cross Sections ...

ﬁ Friction Slope Method for Bridges ...

Cor Output Options ...

Initial Backwater Flow Optimizations ...

Sediment Computation Options and Tolerances ...
Sediment Output Options ...
Sediment Dredging Options ...

v Check Data Before Execution
View Computation Log File ...

View Runtime Messages ...

HEC-RAS - Set Output Control Options

Restart File Options | Detailed Log Output l Computation Level Output Options

Optional HDF Qutput Parameters
[ Write warmup time steps to output file
[ Write time sliced steps (in addition to basic time steps)

HDOFS Write Parameters

Iv Commit writes (normally writes are buffered, use when computations crash, not go unstable, but crash);

Additional 2D Variables Written to Results File (not used/needed for RAS)

%4\

Cell Soil Moisture Defidt

Cell Unsaturated Water Content

Cell Unsaturated Wetting Front Depth
Cell velodty

Cell Volume

Cell Volume Error

Cell Water Surface Error

Cell Courant

Face Courant

Face Air Density

)

v Advanced HDF Options ... |

simulation
* Increases run time

OK

Cancel

* Writes results to disk throughout the




Floodwave Wetting Front

* 2D Models can often go unstable at the wetting front of the floodwave
e Can cause model iterations
* Can also cause bad max velocity plots

* Ways to improve this:
* Reduce Time Step
* Increase cell size— use polygon refinement tool
* Too large of an elevation change across a single cell — make cells smaller or larger
* Breaklines for high ground barriers



Hydraulic Connectivity

B8 Depth - Layer Properties

Visualization and Information | Features | Source Files |

Selected: 'Depth’

J

|

Vector
Point: ] I Line: _l Fill:

[~ Label Features with Attribute Column(s)

|

Edit I

Addtional Options

v

Plot 2D Hydraulic Connectivity

Plot 2D Water Surface Gradient (Arrow: WSEL High->L

Draw Map Values
Draw Perpendicular Face Velocities

Draw True Face Values (interpolated)

Surface Face Low-Elevation Centroid
v [ lindate | anend with View Nianlav Arrival Times as Nates
——— ‘,’r‘f
ok
", \
i
" j ; N
e e o
] # 1
v 4 o’ ' ho
1 o | } ] 3
[ 1 P 4 i
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; o ;
i
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2D Water Surface Gradient

File  Project Tools Help Debug
T o o @A x
&[] ROM - Demo -WithPrecip
- [] Event Conditions
- [] Geometry
[ Plan
.. 7] Depth (138PR2020 04:00:00)

.. ] Vielocity (Max)

. ] WSE (Max)

- [] Cumulative Precipitation Depth ( 134PR2020 09:00:00)

£+ [¥] ROM - Deme - Infiltration

- [] Event Conditions

1 [] Geometry

7} ] Flan
[ Velecity (Max)

. ] WSE (Max)

... (] Cumulative Infiltration Depth (144PR2020 08:00:00)

&[] ROM - Demo- Infiltration [ Snapshot 51% |

- [] Event Conditions

£
L

- [] Geometry
&[] Plan
- [ Depth (Max)
Depth - Lay es - (&)
{ Visualization and Information | Features | Source Files |
—Vector Addtional Options
Point @ | Line: _I Eill: _I Smggmﬂiuw i
[~ Symbology By Attribute Column Edit I g E::::ahr&ﬂweﬁmﬁm(km:WSE_Hﬂkiw)
[~ Label Festures by Attribute Column(s) Edit || || Draw Perpendicular Face Velocities
] Draw True Face Values (interpolated)
Surfa [ Face Low-Elevation Centroid

[7 FlotSufsce [ Update Legend with View _ Histogram I [ Display Arrival Times as Dates

"] Plot Model Boundary Deficiencies
15. | Stretched -l Edit |

0 Y 100%

Opacity:

M [ iews | Profile Lines| Active Features | Layer Values |

(2151771.99, 3443919.48 1 pixel = 6.97 ft)




Weird Shaped Cells/Small Faces

* Cells need to transition in size slowly
* No more than 50% change in size

* Small cells and short faces compared to other
cells and cells — this may cause excessive
model iterations.

a RAS Mapper Options

Project Settings
Projection
General

Render Mode

Mesh Tolerances

Mesh Tolerances

Minimum Face Length Tolerance (Perc

[~ Verify Computation Point is within the Cell Boundary

03JAN1997 10:50:00
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Breaklines

*In general people do
not use enough
breaklines

* Use breaklines along
high ground barriers
to flow in order to
align faces

* This will improve
accuracy

* This will improve model
stability

¢ Geometric Data - risk_informed_design_missouri_lateral

File Edit Options View Tables Tools GIS Tools Help

eeeeee

z = Al
me schematic data outside default extents (see View/Set Schematic Plot Exients

Sol
K|

Description

Plot WS extents for Profile:
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s | @ |
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Channel Alignment and Cell Size

* Need to define the channel portion of the 2D mesh appropriately

* 2D Faces need to be aligned with high ground separating channel
from floodplain

* Channel needs to have enough cells across the channel in order to get
a good velocity profile. Recommend at least 7 to 10 cells across
channel

* Fewer cells ok for water surface only
* Use Breaklines/Refinement Regions to accomplish this
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Partial Cell Wetting Issue

e Excessive model iteration

. B ras
can occur when just a
corner of a cell has flow and =
the velocity is high. 5

i

O
vl
-
&
Bl
-
&
..
..
-
&

* This will be even more
unstable when flow comes
into a cell through a small

ortion of a face but can
eave over a much larger
portion of another face

* Adjust cell sizes, use
breaklines and polygon
refinement tool to fix

Messages | Views | Profile Lines | 4 [ » |

(-2478001.59, 6257988.07 1 pixel = 0.48
L
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Steep Volume Elevation

* When the lower portion of the
cell volume-elevation is steep,

* Small changes in volume
produce large changes in
water surface

* Excessive iterations have a
hard time converging

 Large water surface errors
represent small volume errors

E?_D Flow Area Property Tables - 2D_3

|Perrneter1 ;] Plot | Table |
[Cell Volume vs Bevation ] Cell Volume

Elevation [ft]

Volume [ft*]

26



WS Elevation Tolerance - Diagnostics

* Output reports Cell with largest Error * Error due to volume or water surface?

) LJANZUUU UUSUU: U ZUFIOWATEa wen # L “4207.45 a HEC-RAS - Set Output Control Options
)1JAN2000 00:00:40 2DFlowArea Cel 2 2022 4589.43 X
Restart File Options | Detaled Log Output | Computation Level Output Options  HDF'S Write Parameters |
)1JAN2000 00:00:50 2DFlowArea Cel 2022 4589.43  0.105 b.o Outional HOE Oubout Parancters
)1JAN2000 00:01:00 2DFlowArea Cell # 2022 4589.43 0.105 X —',’-é“‘—
)1JAN2000 00:01:10 2DFlowArea Cell # 2022 4589.43 0.105 X Write wamup time steps to output fle.
)1JAN2000 00:01:20 2DFlowArea Cell # 2022 4589.43 0.105 X I Write time sliced steps (in addition to basic time steps)
[ Commit writes (normally writes are buffered, use when computations crash, not go unstable, but crash)
)1JAN2000 00:01:30 2DFlowArea Cell # 2022 4589.43  0.105 X ) ) ; %
Additional 2D Variables Written to Results File (not used/needed for RAS)
)1JAN2000 00:01:40 2DFlowArea Cel # 2022 4589.43 0.105 2 Additonal 20 variales Written to Resuls e (ot usedineeded fr Ras) 4\
J1JAN2000 00:01:50 2DFlowArea Cel # 2022 4589.43 0.105 2 [ Cell Soil Moisture Deficit ,\
)1JAN2000 00:02:00 2DFlowArea Cel 2022 4589.43 0.105 X [ Cell Unsaturated Water Content
[]Cell Unsaturated Wetting Front Depth
)1JAN2000 00:02:10 2DFlowArea Cell 2022 4589.43  0.105 X [ Cell velodty
)1JAN2000 00:02:20 2DFlowArea Cel # 2022 4589.43  0.105 x [ Cell Volume
)1JAN2000 00:02:30 2DFlowArea Cel 2022 4589.43 0.105 X ¥ Cell Volume Error
)1JAN2000 00:02:40 2DFlowArea Cell 2 2022 4589.43  0.105 b (2 Cell Water Surface Error
)1JAN2000 00:02:50 2DFlowArea Cel # 2022 4589.43 0.105 X B S I -
)1JAN2000 00:03:00 2DFlowArea Cell # 2022 4589.43 0.105 b File Type Options — :
)1JAN2000 00:03:10 2DFlowArea Cell # 2022 4589.43 0.105 X L I [ e
)1JAN2000 00:03:20 2DFlowArea Cel # 2022 4589.43 0.105 ZR0e R I oner M Voume Residua
[V Plot Stage [ Plot Flow [V Obs Stage [ Obs I Inner Max Volume Residual Cell

)1JAN2000 00:03:30 2DFlowArea Cell # 2022 4589.43 0.105 X rime seres | Raing Curve | e,
)lJANZOOO 00:03:40 moWAfea Cel = 2022 4589-43 0- 105 2( ™ Max Water Surface
)1JAN2000 00:03:50 2DFlowArea Cell # 2022 4589.43  0.105 X . ™ Max Water Surface Cell
111ANINAN NNNANN INFlawAras rall = n7” 4cRQ 42 N 1N8 o I™ Min Water Surface I b | z2:] |

I Min Water Surface Cell

¥ Outer Iteration Number Water Surface Error I Legend

I Outer Max Water Surface Correction e

I~ Outer Max Water Surface Correction Cell ¥ Inner Iteration Number

I Percent Active Cells

[ Total lteration Number
™ volume

I~ Volume Error

Onner Iteration Number
= N
2

=

£ =l2]
T
=]
=z } Legend
c
3 20
= ¥ Outer Iteration Number
2
-
Lo
T

31Dec1999 2400  01Jan2000 0030 01Jan2000 0100 01Jan2000 0130 01Jan2000 0200 01Jan2000 0230 01Jan2000 0300

Time and Date




WS Elevation Tolerance

JIJANZUUU UUIUUIOU JUNIOWArea Len # LULL “4209.40 P4y
)1JAN2000 00:00:40 2DFlowArea Cell # 2022 4589.43 2 * T3 ke care |
)1JAN2000 00:00:50 2DFlowArea Cell 2 2022 4589.43 0.105 2
)1JAN2000 00:01:00 2DFlowArea Cel 2 2022 4589.43 0.105 2
)UANZOOO oo:ahﬂ\ MElAAras Call - mnaM 4cQ0 A2 N 1N n
)1JAN2000 00:0l Parameter (Default) | 2DFlowArea
| 1|Theta (0.5-1.0) 1
)1JAN2000 00:0| 2| Theta Warmup (0.5-1.0) ]
)1JAN2000 00:0f 3| water Surface Tolerance [max=0.2](ft) 0.01
)1JAN2000 oo:al 4| Volume Tolerance (ft) 0.01
)1JAN2000 00:0| ™ 5| Maximum Iterations 20
}1JAN2000 00: I 6 | Equation Set — lE)ui‘f"usnon Wave SWE-ELM (original /faster)
)1JAN2000 00:02:20 2DFlowArea Cell 2 2022 4589.43 0.105 2
)1JAN2000 00:02:30 2DFlowArea Cel 2 2022 4589.43 0.105 2
)1JAN2000 00:02:40 2DFlowArea Cell 2 2022 4589.43 0.105 2
e Evaluate Results!
)1JAN2000 00:02:50 2DFlowArea Cell # 2022 4589.43 0.105 2
)1JAN2000 00:03:00 2DFlowArea Cell 2 2022 4589.43 0.105 X -
)1JAN2000 00:03:10 2DFlowArea Cell 2 2022 4589.43 0.105 2
)1JAN2000 00:03:20 2DFlowArea Cel # 2022 4589.43 0.105 2
)1JAN2000 00:03:30 2DFlowArea Cell # 2022 4589.43 0.105 2
)1JAN2000 00:03:40 2DFlowArea Cel # 2022 4589.43 0.105 2
)1JAN2000 00:03:50 2DFlowArea Cel # 2022 4589.43 0.105 2 i
11 IANIOANN NNNANN MNElAwAras Call = mM 4cQQ a2 N 1ing n )

458(.510 -

WSE [feet)

4589.505

= 2D Area + 1D Bridge
~— WSTol Fix

T
01Jan2000

T
01Jan2000 0100

Time

T
01Jan2000 0200

01Jan2000 03(




Internal Hydraulic Structures

* Too small of cell sizes at invert of culvert or gate.
= Small cells have less volume
» Flow/volume for the culvert is computed over the time step as V=Q x DT

* Highly submerged weirs with culverts and gates can have stability
issues. “Weir and Gate Flow Submergence decay exponents”

* Flow over the embankment can be computed as weir flow or 2D Flow
Equations
= Use Weir options when the is a high embankment
= Use 2D flow option for non-weir flow situations
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