HEC-RAS 2D
Mesh Generation and Refinement

Cameron Ackerman, P.E., BC.WRE

USACE, Institute for Water Resources, Hydrologic Engineering Center

US Army Corps
of Engineers «




Overview

* Common Terms

* How to Create a Mesh

* Limitations

* Fixing Mesh Problems

* Hydraulic Property Tables




Finite Volume Mesh

* Naming Convention
e Cells
* Face Points
* Faces

* Computation Points
(center)




Mesh Generation

* Define mesh boundary and triangulate Computation Points (black
dots)

 Face Points (red dots) are triangle circumcircle centers
 Faces (red lines) connect face points
* Faces are also “Enforced” with internal breaklines




Create 2D Flow Area Mesh in

RAS Mapper

* Meshes are generated from a set of computation points with

consideration to polygons and breaklines.

* Steps/Features used to create a mesh:

* Perimeter Polygon
* Computation Points
* Breaklines (Optional)

* Refinement Regions (Optional)

s SR

2D Flow Areas
i [[] Penimeters

i [[] Computation Points

[[] Break Lines

----- [[] Refinement Regions

* Creating a good mesh is an iterative process!




Editor Access

Create a New Geometry

Edit Geometry

2 [#] Temains

~PTerain [N

Manage Geometry Associations...

- Map |_ Add New Geometry

I~

L3

- [] Features
= [v] Geometries
i B[] NewG

-- ] Rivers

RAS Geometry Properties

E- [ Crass

i [[] Storage
i T ] W = P

. Edit Geometry

4] Validate fotmmatn:

B RAS Mapper
File Tools Help

Selested Layer: Perimeters

- [¥] Features
[ Profile Lines

Edit Toolbar e

[ Cross Sections
[ Storage Areas

Select Layer

i [T] Refinement Regions
[ Structures
[ Manning's N

[ Boundary Conditions
[ Errors

1 mesh computed in 0.085
1 mesh computed in 0.0225
1 mesh computed in 0.075s
1 mesh computed in 0.133s
1 mesh computed in 0.0635
1 mesh computed in 0.077s
1 mesh computed in 0.0675

Messages | Views | Profile Lines | Active Features

(406603.36, 1803482.89 1 pixel = 10.71 feet)




Editing

e Add New Feature
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» Select/Edit Feature |fﬁ

Undo/Redo
Plot Profile
Tools
Help
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HEC
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Add New Feature

* Left-click to start adding a new point, line, or polygon
* Double-click to end a line or polygon

* Pan by switching to Pan tool, Shift key, Middle Mouse, or right-click to
re-center.




Select / Edit

* Select / Edit tool is used to select feature(s) and then begin editing
(move, add points, delete, etc).

* Double-click to Start Editing (Open feature)
* Double-click to End Editing (Close feature)

* Mouse hover indicates action
* Green point indicates: Move, Insert, Delete point
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2D Flow Area B= T

e Draw Perimeter

o 2

e 2D Flow Area Editor

B¥ 20 Fiow Area Editor X
2D Flow Area: i s
'_' mm‘ Pw'h- <
. rleler:Z erinrhea . pacing (i) DX I 200 Dv: I mﬂl ::‘maat??;amim g’
L7 Edit 2D Area Properties |
_ﬁ” Try to Fix Mesh (Debug) Mmgt;g?“
Copy Selected Feature  CtleC Sy W' Include Breaklines / Refinement Regions m%'!.%’;'!&ﬁv
' o Minimum Cel Size = 136
w Dele Selected Feature Del, D G = ion Po l =
Mesh Status = 2 FacePoint(s) with
rnem thae O aidea
—Hydraulic Cell/Face Properties
Default Manning's n Value: [ 0.08
¥ Spatially varied Manning's n on face gl Compute Property Tables |




Computation Points

* Generate Computation Points at an

even interval

* Breaklines and Refinement Regions

area enforced

* N Value (Default or Spatially Varied)

-[#] 20 Flow fAreas

2D Flow Area:
Cell Properties l

2D Flow Area Editor

Computation Points

Hydraulic Cell/Face Properties
Default Manning’s n Value: | 0.06

Hydraulic Property Table Tolerances

* Hydraulic Table
Property Tolerances

\lm

2D_Area

Set the 2D Flow Area's Cell and Face Filter Tolerances for
the Hydraulic Table Computations.

Cell Elev-Vel Filter Tol (ft): 0.0
Cell Minimum Area Fraction: 0.01
Face Profile Filter Tol (f): 0.m
Face Elev-frea Filter Tol (f): 0.01
Face Conveyance Tol Ratio: 0.02
Face Laminar Depth (ft): 02
Defaults ok | cancel |

et O aldma

E] Compute Property Tables |

[[] Brezk Lines
i [[] Refinement Regions
et
-] [
) Points Spacing (f) DX: | 200 DY: | 200 ewl Mesh State = A
MaxFacesPerfFacepoint Exceeded
Number of Cells = 13144
Average Face Length = 66
Average Cell Size = 4,339
W Include Breaklines / Refinement Regions Masximum Cell Size = 70.717
Minimum Cell Size = 136
Generate Computation Points
Mesh Status = 2 FaceFoint(s) with ,

v Spatially varied Manning's n on face
—QM—/

Close I
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<[] 2D Flow Areas

i [v] Perimeters —
B
Computation Points
".. I.,-.' " .r/
B3 Edit Points

* Mesh is generated from resultant set of
computation points.

—Selected Area Edits

Table Teols

+] )l 8l 2| v/ 5]

»

—

X
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| osooss: IRTCIPTE

2 406080.1458 1804922 839
3 406280.1458 1804522 839
4 4064801458 1804922 839
5 405280.1458 1804722 835
6 405480.1458 1804722 839
7 405680.1458 1804722 839
& 4053301458 1804722 839
9 406080.1458 1804722 0835
10 406280.1458 1804722 839
1 406480.1458 1804722 839
12 4050801458 1804522 839
13 405280.1458 1804527 835
14 405480.1458 1804522 839
15 405680.1458 1804522 839
16 4053301458 1804522 839
17 406080.1458 1804527 235
18 406280.1458 1804522 839 | »

o1

Cancel
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Bl
Create 2D Flow Area Mesh

from an existing Storage Area

* Converting Existing Storage Area o
* Click convert button
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Hydraulic Property Tables

 Computation engine uses hydraulic property tables to represent the
geometry of the system

e Cells
e Elevation/Volume

* Faces
* Elevation/Area
* Elevation/Wetter Perimeter
* Elevation/Manning’s n
* (all from station elevation profile)

128 R




2D Computational Mesh Sub-grid Terrain i

RAS2D Cell N
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Each cell face profile and stage-volume curve is based on
hundreds to thousands topo-bathymetric data-points, depending
of resolution of underlying terrain raster.

Cell approach very efficiently discretizes space including complex
terrain & surface roughness.



Computational Cells - Elevation vs. Volume
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Computational Cells - Elevation vs. Volume
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Subgrid = Higher fidelity cell volume tracking17



Computational Faces - Elevation vs. Area G
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Area

Faces = Control flow into and out of cell
Can model small channels in with large cells
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* From RAS Mapper
» Before unsteady-flow simulation

Perimeters
Computation | e Open Attribute Table
Break Lines

-C1Rek tH ., Edit Geometry (BETA)
&[] Structures =
- ] Manning’s N 18] Zoom to Layer
" B Mol :

Layer Properties

- (] Muncie Geometry - § L Export Layer 4
Initial Geometry
- [] Rivers Compute 2D Flow Areas Hydr*ﬁc Tables
& [ Cross Sections ﬁ Plot Property Table b 4

- M1 Storane Arems

Hydraulic Property Tables

 Computed (once and stored in geometry *.hdf)

B HEC-RAS Fnisne

mpitisions

‘Write Geometry Information

Layer: Processing 2D Cels (ZDFiowArea) |

Geometry Pracessor
River: RS:
Reach: Node Type:

IB Curve: [

Computation Messages

Plan: ‘Unsteady - 201001t grid 15 sec T' (Muncie.p01)
Simulation started at: 07Aug2014 08:53:00 AM
Using 64 Bit Computation Engines

Viriting Geometry

iComputing Bank Lines

Bank lines generated in 70 ms

Computing River Edge Lines

River Edge Lines generated in 70 ms

There are no stored interpolation surfaces
Interpolation Surfaces will be recomputed
Computing XS Interpolation Surfaces

XS Interpolation Surfaces generated in 96 ms
Geometry ‘GeomWriter' assocation was set to the terrain layer (Terrain)
{Computing 20 Flow Area '2DFlowArea’ tables
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Cells

| ] RAS Mapper

File Tools Help

Geometries

[¥]Muncie Geometry - 20 100 Grid
[¥IRiver

~[¥]Bank Line

[TRiver Edge Line

[T Junction

Exs

[C] Storage Area

[912D Fiow Ares

[F1%S Interpolation Surface

Results

Unsteady - 20100 grid 15.5ec T

=[] Geometry

[¥IRiver

[C)Bank Line

[CIRiver Edge Line

[Tl Junction

[¥ixs

[F]Storage Area

[#]2D Flow Area

{T1XS Interpolation Surface

Depth (02/AN1300 03:10:00)

[ Depth (Max) @

H [FlAmival Time (1# days) @
7Map Layers

|Google Hybrid

uncielll

=2l rains
[ Tecrsinew s a

[Gemetr Morcie Geomety 20 100 Ged assocaion

R RO O N

Elevation

Cell Volume

9455

945 —

9445

T T
4000 6000 8000 10000
Volume
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RAS Mapper =8 =

File  Tools Help

LIRS EOROR N < XN

[¥|Muncie Geometry - 20 100ft Grid

JE2| Mesh Face Numbers.

|River
|River Edge Line
7] dunction
Exs
]ﬂﬂ:ﬁek‘; | Visuszation and iformation | Faatures
[71XS Inerpolation Surface )
- [¥|Results fokd o il i Beckions Citars
nsteady - 20100 grid 15 sec T - ] Mesh Edges
& 7] Geamety 2 [ * [soeet. | [——— [seet ] | - 7 Mesh Cell Numbers

. Y 7] Mesh Face Foint Numbers
Color Ramp: - Edit [7] Mesh Dual TIN

[TIXS Interpolation Surface
I Depth (02JAN1500 09:10:00)

Label Features
[] Depth (Max) & 2
[7] Arrival Time (1t days) & [] Label Features with Attribute Column{s)
= [VIMap Layers

Messages

-{¥] TerrainNew" [

Geometry Muncie Geometry - 2 100ft Gnd association wa?
Source File
CHEC Data\RAS\MuncielRAS Model\Muncie.g01.hdf
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Face Profile

RAS Mapper

File Tools Help

/| Geometries
[]Muncie Geometry - 2D 100k Grid

™

[TIXS Interpolation Surface
= V]Resuls
| Unsteady - 2D100f gnd 15sec T

[¥]20 Flow Area
[T1XS Interpolation Surface
["IDepth (02JAN1900 03-10:00)
“IDepth (Max) @
[ Arrival Time (1ft days) @
pLayers

Geometry Muncie Geomelry - 20 100ft Gnd' association wat

R OB 00O

Profile

T
40
Profile
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Face Elevation vs A

RA

S Mapper

I

File

XS Inerpolaion Surfce

& [Y/Results
Unsteady - 2D100R grid 15:sec T

nsf
G

[¥)2D Flow Area

- CIXS Interpolation Surface
£]Degth 02121500 09:7000)
["1Depth (Max) @
ClAwival Time (1 days) &
i [vIMapLayers

[FlGoogle Hybrid

MuncielU

= [V Terrains
()

9] Ferriniew”

Geometry Muncie Geomelry - 2D 100R Grid association was

Tools  Help
»OO@ ;e w

Face Area
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Hydraulic Property Tables

* View from RAS Mapper - ‘2DFlow Area’ in ‘Geometry’ or ‘Results’

File Tools Help

-

) 2D Flow Area Proy

2DFlowhrea

Cell Volume vs Elevation

T Geometries
V] Results
& [#]Unsteady - 2D100ft grid 15.5ec T
7] Geometry
[ River
{-[IBank Line
:-CIRiver Edgs Line
i Junction
Exs
[ Storags Area
[#120 Flow Arez
£.[T]XS Interpolation Surface
[]Depth (024AN13{E
-] Depth (Max) &
[ClArmival Time (1ft days) @
-[¥IMap Layers
[[1Geogle Hybrid
[ZMuncielU
[V Terrains
[ TerrainNew

[l
= s
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Cell Volume

940

938

e
@
&

e
]
4

932

40000 60000

Volume

T T T
30000 100000 120000

the subject




Mesh Limitations

* One face between cells — even on perimeter
* Only one boundary condition per Face

* Except for Lateral structures
* Lateral structures can stop and start on the same 2D external Face, when
connecting 1D reach to a 2D area.

SR

HEC,
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|

-[#] 20 Flow Areas
i [v] Perimeters

[[] Computation Paints
- [[] Refinement Regions

Breaklines

 Breaklines enforce Cell Faces inside of the Mesh.
* Place along linear features that control water movement

26



Breaklines

* “Snapping” is part of mesh generation
* Faces snap to breaklines if they are close enough

* “Enforcing” changes the cell points around a breakline
* Improves the snapping of the 2D faces to the breaklines
* Not perfect, might require tighter cell spacing and/or hand graphical editing

HEC,

SR




Breakline Properties

* Near Spacing — Initial cell size (approx.) along * Enforce 1 Cell Protection Radius — Once

HEC.

the breakline. enforced cells near to the breakline will not

* Default value is 2D Area point spacing

* Near Repeats — Repeats cell insertion using
Near Spacing a multiple away from the
breakline.

* Far Spacing — Max cell size (approx.) of newly | g seaxine caitor

be removed through the enforcement of
additional breaklines.
* Include cells added/edited by hand.
X
|

added cells. | o] & Y

* Default value is 2D Area point spacing

Name Near Spacing

5_ TestB

| —— 0
A 2_Breakline 2 | 50 |
3|Breakline 3 | 50 |
4_lestA | 25|

50 |

Near Repeats |

—-|—=ola|lo

Far Spacing
100

100 |
100 |

50

100 |

Enforce 1 Cell
| Protection Radius
2

<l

EUYREUREY

Enforce Selected Breaklines

oK

Cancel
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Breakline Process

* All points within a computed buffer are removed.

* Cells are added uniformly along the side of breakline.

» Buffer for point removal is computed as:
Near Spacing * Near Repeats

+ Double Near Spacing size n times until reach Far Spacing size
(However, take 75% of last cell size so as to not delete too far)

e

a Breakline Editor

B
k|

0| z| o] ¢

Pt

o

Name
|3 Breakiine 1
2|Breakline 2
3| Breakline 3
4| testA
5/ TestB

50
50
50
25
50

Near Repeats

- - 0o o

Far Spacing
100
100
100
50
100

Enforce 1 Cell
Protection Radius

v

<l

< <=

Enforce Selected Breaklines ‘

QK

‘ Cancel

|

* A breaklines’ area of influence is stopped by a neighboring breakline (will not proceed to

opposite side).
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Breakline Examples

* Grid spacing = 100

Near

Spacing Near Repeats

Near Spacing | Near Repeats

Far Spacing
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-[#] 20 Flow fAreas _
<

HEC,

I

- [#] Perimeters =——=
- [ Computation Peints
i [] Break Lines

Refinement Regions . E

Refinement Regions

e Cell Size X,Y — Internal cell size dimension

* Perimeter is treated like a breakline
e Perimeter Spacing, Near Repeats, Far Spacing, Cell Protection same as for

breaklines
* Internal cell size used for perimeter spacing, if not defined
B Refinement Region Editor X
0| o] s 4 s 2|
| e
j [ Name | Cell Size X | Cell Size Y | P:;;gr::ier::r [ Fi:f;;ts | Spl;?:irng [ PE;ZT:EH
ﬂ F  1|Region 1 50 50 100 v
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Refinement Examples

* Grid spacing = 100

Cell Size | Cell Size | Perimeter
X Y Spacing

50 50

.........

..................

Cell Size

Permeter
Spacing

Cell Size

Perimeter
Spacing

32



Refinement Regions and Break Lines to Align
Channel Cells

33



2D Flow Area Editor
Geometry Editor

-
2D Flow Areas

* Connections — _
- Connections and References to this 2D Flow Area

* Similar to Storage Area B A N
* Quick Link to Connections Edt and Casicaton to Mamning ... | [leh contars: 1352 cols

ell size max = 18839. 10 (sq ft)

ohume Fi : 7 ell size min = 6621.33 (sq ft)
= [ ell size avg = 10347.02 (sq ft)

‘ Face Profile Filter Tol:

Generate Computation Points on
Regular Interval with All Breaklines...

Enforce Selected Breaklines ...

Face Area-Elev Filter Tol:

Face Conveyance Tol Ratio: 0.02

l Force Mesh Recomputation I
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Computation Points

* Final mesh is based on final computation point set.
* Enforcement of Breaklines and Refinement Regions modifies existing

computation points.

HEC,

e

e Can enforce a breakline once, change parameters and enforce again.

e Each iteration modifies the
previous points.

* Point Regeneration will

automatically use Breaklines
and Refinement Regions (if included).

ﬁ ¥ Include Breaklines / Refinement Regions

Generate Computstion Points

BH 2D Flow Area Editor b4
DFlowses NN -] O X
Cell Properties ‘
Computation Points
Points Spacing (ft) DX 200 DY 200 _M'I Mesh State = A
MaxFacesPerFacepointExceeded

Hydraulic Cell/Face Properties
Default Manning’s n Value: | 0.06

¥ Spatially varied Manning's n on

face

Number of Cells = 13144
Average Face Length = 66
Average Cell Size = 4,339
Maximum Cell Size = 70.717
Minimum Cell Size = 136

||v1esh Status = 2 FacePoint(s) with ,
S — . ) ».-I.Aq

ﬁ Compute Property Tables I

Force Mesh Recomputation ‘

3 Blose




Fixing Problems

* If cell spacing is too large, cell faces may not be enforced
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Fixing Problems

* More than 8 sides on a cell.

A -

20 Area: Z Erronz) - Maximum 8 Faces per Call  [Dhsplaying Local Mesh] [Full Mesh Out-of-Dafe)

* Fix by Hand

* Auto “Try Fix” menu option

HEC,

e




Fixing Problems

* Cells need to have exactly one Computation Point (Black Dot)

* Fix graphically by adding more points and/or moving points near
perimeter
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RAS Mapper Options

Version 6.5 and older

Project Settings

Mesh Tolerances -

Render Mode

Mesh Tolerances
Minimum Face Length Tolerance (Percent): E Hem——

[ Verify Computation Paint is within the Cell Boundary

Mesh Tolerances W

* Minimum Face Length (%)

* 5% is Default, Recommend increasing - — done on the attribute table (6.6)

[
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Hosl
Face Tolerance

* Small Face Tolerance * Larger Face Tolerance
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* Fewer faces faster models (less cell face computations).
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Face Alignment

* Normal velocities are computed at every face. Tangential velocities
are interpolated; therefore, aligning faces with flow more accurate.
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Mesh Evaluation ——

[ Mesh Cell Numbers.
[] Mesh Face Numbers

Mesh Face Minimym Flevahon
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US Army Corps
of Engineers

Questions?
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