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HEES

2D Flow Area Stability Issues e

* 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




HEC
Cell Size and Time Step Suee>

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

* Diffusion Wave is more forgiving than Shallow Water egns. 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
* Experience shows, max C= 3.0

* Diffusion Wave Approximation
* Experience shows, max C=5.0
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Ilterations

HEC-RAS Computations
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Iterations.... Investigation

 Ctrl+F (Find a Cell)

u RAS Mapper
File Project Tools Help
Selected Layer: Perimeters
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RAS Mapper Visualization

5! RASMapper Plot
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Model Instability

m Pause the Anima




RAS Mapper Courant Number Map

B Results Map Parameters
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Volume Accounting Check

Runtime Messages

JAJANLYY/ 100190V LUArea el ¥ uss U/ u.uiv &
)7JAN1997 15:37:00 2DArea Cel = 1085 4003.97 0.010 20
J7JAN1997 15:39:00 2DArea Cel = 1085 4003.97 0.012 20
)7JAN1997 16:06:00 2DArea Cel = 1085 4003.96 0.010 20
)7JAN1997 16:22:00 2DArea Cel = 1085 4003.96 0.010 20
J7]JAN1997 16:24:00 2DArea Cell = 1085 4003.96 0.011 20
)7]JAN1997 16:39:00 2DArea Cell = 1085 4003.96 0.010 20
J7]JAN1997 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

me Log File" output for volume accoun

Writing Results to DSS

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

Computation Log File

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

2D Area
TERRERE

Starting Vol Ending Vol Cum Outflow

AR R

Error
e

Cum Inflow
EEEEREEREE

2DArea 48924. 48523, 0.3240

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

lfotal Boundary Flux of Water In 48924.
fotal Boundary Flux of Water Out 48523.
starting Volume ©.000000
Ending Volume 401.4

Percent Error
EERREEEEERRRE

0.000662

Percent Error
EEEEREEERRE RN

©.000662
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Maximum Water Surface Error

H Results Map Parameters
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Cell Water Surface Error (For each time step)
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HEC-RAS - Set Output Control Options

Restart File Options | Detailed Log Output ] Computation Level Output Options  HDFS5 Write Parameters |

Optional HOF Output 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)

Additional 20 Variables Written to Results File (not used/needed for RAS) i !}J

Cell Volume A
| Cell Water Surface Error

Cell Courant

Face Courant

Face Air Density

Face Dispersive Stress

Face Eddy Viscosity

Face Flow

Face Period-Average Flow bt

Advanced HDF Options ...

oK

Cancel
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Sogml = @000 |
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Cumulative lterations




Floodwave Wetting Front Swre>

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

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




Hydraulic Connectivity
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Weird Shaped Cells/Small Faces

* Cells need to transition in size slowly

model iterations.

a RAS Mapper Options

PG

== B

HEe

Project Settings

Mesh Tolerances
* No more than 50% change in size R
(o] g P Minimum Face Length Tolerance [Pefc
* Small cells and short faces compared to other | i I Vesity Computsion Pointis witinthe Cell Boundery
cells and cells — this may cause excessive Mesh Tolerances
- 4

03JAN1997 10:50:00 /
N

~ 03JAN1997 10:50:00




Breaklines

d I n ge n e ra | p e O p I e d O ¢ Geometric Data - risk informed_design_missouri lateral = u] X

File Edit Options View Tables Tools GIS Tools Help

Plot WS extents for Profie:

not use enough e e I
breaklines i ad *

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

* This will improve
daCcuracy

* This will improve model
stability

I 1664923 36, 5793936 63




Channel Alignment and Cell Size S

* 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




Polygon Refinement for Main Channel
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Partial Cell Wetting Issue

* Excessive model iteration

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

* 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
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WS Elevation Tolerance - Diagnostics

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

1 LJANLUUU UUIUUE U JUMOWATEa en & Iy “+309.43 a HEC-RAS - Set Output Control Options
11JAN2000 00:00:40 2DFlowArea Cel = 2022 4589.43 X
Restart File Options | Detailed Log Output | Computation Level Output Options  HDFS Write Parameters |
11JAN2000 00:00:50 2DFlowArea Cel = 2022 4589.43 0.105 r. sonal HOE Outiut Parameters
11JAN2000 00:01:00 2DFlowArea Cel = 2022 4589.43 0.105 p. QEQ_____SQQ_______[_ . . ¢ il
J1JAN2000 00:01: 10 2DFlowArea Cel = 2022 4589.43 0.105 X P e
J1JAN2000 00:01:20 2DFlowArea Cel 2 2022 4589.43 0.105 X Wikiie Wi o) wien® (O Jckivion bo hisic e stepn)
I Commit writes (normally writes are buffered, use when computations crash, not go unstable, but crash)
11JAN2000 00:01:30 2DFlowArea Cell = 2022 4589.43 0.105 p. Additional 2D Variables Written to Results File (not used/needed for RAS) ®
11JAN2000 00:01:40 2DFlowArea Cel = 2022 4589.43 0.105 p. =
J1JAN2000 00:01:50 2DFlowArea Cel = 2022 4589.43 0.105 . [] Cell Soil Moisture Defidt ~
11JAN2000 00:02:00 2DFlowArea Cel = 2022 4589.43 0.105 r. ) [ ] Cell Unsaturated Water Content
[ Cell Unsaturated Wetting Front Depth
J1JAN2000 00:02:10 2DFlowArea Cel # 2022 4589.43 0.105 F. [ Cell velodty
J1JAN2000 00:02:20 2DFlowArea Cel = 2022 4589.43 0.105 X [] Cell Volume
11JAN2000 00:02:30 2DFlowArea Cel = 2022 4589.43 0.105 X [v] Cell Volume Error
|DAN2000 00:02:40 ZDFiowArea  Cel 2 2022 458943 0.105 X et Watersorrace o
[]Cell Courant
11JAN2000 00:02:50 2DFlowArea Cel = 2022 4589.43 0.105 2 3 - O
J1JAN2000 00:03:00 2DFlowArea Cel = 2022 4589.43 0.105 X File Type Options Sl vl = H &
11JAN2000 00:03:10 2DFlowArea Cel = 2022 4589.43 0.105 2 — ﬂ [~ Time Step [ime at Max  Volume ac-ft
11JAN2000 00:03:20 2DFlowArea Cel = 2022 4589.43 0.105 p. 2D Area:: [2DFlowArea = l:iiibiff’&il’li";‘li.’m Volume Error
IV Plot Stage [V Plot Flow [V Obs Stage ¥ Obs [ Inner Max Volume Residual Cell
J1JAN2000 00:03:30 2DFlowArea Cel = 2022 4589.43 0.105 p. i I Max Face Velocity
11JAN2000 00:03:40 2DFlowArea Cel = 2022 4589.43 0.105 p. ) Hipe e | Rating Curve. | Emaxzce"?”f‘y T
11JAN2000 00:03:50 2DFlowArea Cel = 2022 4589.43 0.105 r. - Miiw:i:sﬁiéﬁi i
111AN700N AN-NA-NN MNElrwAras rall = 077 4g90 42 0 InE ”» 5 re ey o
_§ ™ Min Water Surface Cell o
£ [¥ Outer Iteration Number Water Surface Error 1
2 I~ Outer Max Water Surface Correction _
< I Outer Max Water Surface Correction Cell ¥ Inner Iteration Number
k-] I~ Percent Active Cells
E I Total Iteration Number
i I~ Volume
'E' [ Volume Error
0
oL = =18
2 | i ! Legend
o [¥ Outer Iteration Number
E
£
31Dec19992400 01an20000030  OTan20000100  01Jan20000130  01an20000200  0TJan20000230  01/an2000 0300
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WS Elevation Tolerance

1 LIANLUUU UUIUUESU . ZUFOWATES e # a2z 209,43 a
}LJAN2000 00:00:40 2DFlowArea Cel 2 2022 4589.43 x * Take care!
J1JAN2000 00:00:50 2DFlowArea Cel = 2022 4589.43 0.105 X
11JAN2000 00:01:00 2DFlowArea Cel = 2022 4589.43 0.105 p. o
'umm m-n‘-‘ﬂ MiElAwsAras ~all = N 4cQ0 a2 N 1N n
)1JAN2000 00:0] Parameter (Default) | 2DFlowArea
| 1|Theta (0.5-1.0) 1
11JAN2000 00:0| 2| Theta Warmup (0.5-1.0) 1
J1JAN2000 00:0| 3| water Surface Tolerance [max=0.2](ft) 0.01
J11JAN2000 00:0] 4| volume Tolerance (ft) 0.01 5.01
J1JAN2000 00:0} ™ 5| Maximum Iterations 20 20
6| E tion Set Diffusion W SWE-ELM (original ter
11JAN2000 m:olﬂﬂ'%ﬂ e ZZ TIOT YT IO X 2VE ( eer)
J1JAN2000 00:02:20 2DFlowArea Cell = 2022 4589.43 0.105 X
J1JAN2000 00:02:30 2DFlowArea Cel 2022 4589.43 0.105 p. o
J1JAN2000 00:02:40 2DFlowArea Cel = 2022 4589.43 0.105 X
* Evaluate Results!
J1JAN2000 00:02:50 2DFlowArea Cel = 2022 4589.43 0.105 X
JLJAN2000 00:03:00 2DFlowArea Cel # 2022 4589.43 0.105 X —
11JAN2000 00:03:10 2DFlowArea Cel = 2022 4589.43 0.105 2
J1JAN2000 00:03:20 2DFlowArea Cell = 2022 4589.43 0.105 - — 2D Area + 1D Bridge
J1JAN2000 00:03:30 2DFlowArea Cel = 2022 4589.43 0.105 2 4 i chicn
J1JAN2000 00:03:40 2DFlowArea Cel = 2022 4589.43 0.105 p. |
J1JAN2000 00:03:50 2DFlowArea Cell = 2022 4589.43 0.105 b. o ]
11 1TANYANA AN-NL-NN MElnwAras rall = 2077 4cea 42 A 10g > i58@>
E ]
@ ]
s
4589.505 <
&ss‘.soo -)[{
T T T T
01Jan2000 01Jan2000 0100 01Jan2000 0200 01Jan2000 031
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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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