HEC-RAS Subgrid Bathymetry

Cameron Ackerman, P.E, BC.WRE
Mark Jensen, M.S.

USACE, Institute for Water Resources, Hydrologic Engineering Center

Tl /I-WLR HEC

US Army Corps
of Engineers «




Objective

* Understand the Subgrid Technology in HEC-RAS.

* Problem

* Water levels usually vary much
more smoothly than the terrain

* Unfeasible to resolve every detail of
the terrain with the computational
mesh

* Approach

 Utilize a grid resolution sufficient
to resolve the hydraulics

* Capture the details of the subgrid
terrain through hydraulic properties tables




2D Computational Mesh Subgrid Terrain
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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.



>
2D Modeling Subgrid Technology

* Detailed elevation-volume relationship for each 2D Cell.
* Hydraulic properties for each Cell Face (pre-computed).

Benefits
* Cells can be partially wet.

* Allows for larger computational cells, without losing details of the
underlying terrain.

 Larger cells = less computations = faster run times!

 HEC-RAS produces more detailed results for a given cell size than
models using a single elevation for each cell and face.


Presenter Notes
Presentation Notes
Each cell, and cell face, of the computational mesh is pre-processed in order to develop detailed hydraulic property tables based on the underlying terrain used in the modeling process.  The 2D mesh pre-processor computes a detailed elevation-volume relationship for each cell.  Each face of a computational cell is pre-processed into detailed hydraulic property tables (elevation versus wetted perimeter, area, roughness, etc…).  This allows the user to use larger computational cells, while keeping the details of the underlying terrain.  The net effect is that larger cells means less computations, which means much faster run times.  Additionally, HEC-RAS will produce more detailed results for a given cell size than other models that use a single elevation for each cell and face.
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Presenter Notes
Presentation Notes
An example of how HEC-RAS pre-processes cells and faces into detailed property tables is shown above.  As shown on the right, each computational cell has a much more detailed terrain model below it.  



Computational Cells - Elevation vs. Volume
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Presenter Notes
Presentation Notes
When the 2D Geometric Pre-processor runs a detailed elevation-volume relationship is developed for each cell as shown above.


Computational Cells - Elevation vs. Volume
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Presenter Notes
Presentation Notes
When the 2D Geometric Pre-processor runs a detailed elevation-volume relationship is developed for each cell as shown above.


Computational Faces - Elevation vs. Area
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Presenter Notes
Presentation Notes
In addition to the processing of the cells, the faces of the cells are pre-processed into detailed tables of elevation versus area, wetted perimeter, and roughness. As shown in the Figure above, each face is like a detailed cross section.  So the flow of water into, through, and out of a cell is controlled by the details of these face properties, and the cell elevation-volume relationship.  The benefits of this are much greater hydraulic details at the cell level over other models that use a single elevation for each cell and face.  With HEC-RAS, users can have much larger cells, but still retain great hydraulic detail within a cell.  Additionally, HEC-RAS cells can be partially wet (i.e. water does not have to cover the entire cell, and can move through a portion of the cell).




Presenter Notes
Presentation Notes
Shown in the Figure above is an example of how the computational cells in HEC-RAS contain enough hydraulic detail that flow can move through a channel, even though the channel is smaller than the cell size.  In the above example, the cells are 500 ft by 500 ft.  Water will move though the channel portion of the cells, because the details of the channel cross sections are contained within the cell faces.  Additionally, the details of the elevation-volume relationship in the channel is contained within the cell hydraulic properties table.  In this type of example, flow can move through a cell/channel in a 1D-type of mode, while flow in the overbank areas will be 2D from cell to cell.  If the user wants more detail within the channel, such as two-dimensional flow velocities and varying water surface elevations, then you would need to use a cell size smaller than the channel to capture two dimensional flow effects within the channel itself.  However, if you only need to capture the two-dimensional flow affects on the floodplain, then this is a very viable option.


Example Application — EU Test 5

* Extremely Rapidly rising
hydrograph of a dry bed. From
0.0 to 3000 cms in 5 minutes.

 Compare results at multiple
locations for three grid
resolutions (25, 50, and 100m)

* Compare Computational times
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EU Test 5 — Animation
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Captured with Snagit 2019.0.1.2448  

Webcam - Logitech Webcam C930e  

Microphone - Microphone (Logitech Webcam C930e)






EU Test 5 — Location 1
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EU Test 5 — Location 3
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EU Test 5 — Location 5
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FU Test 5 — Computational Time

Test No| Grid Size | No. Cells | Time Step | RAS Full Saint Venant
1 25m 30340 2 sec 7 min 34s
2 50m 7460 5sec 1 min 38s
3 100m 1809 10 sec 13s




RAS 2D Time Comp

				Unsteady Flow Computational Time Tests:  Full Saint Venant EQ vs. Diffusion Wave																		Testing of the # of Threads



				Test No		Test Name		Prev Diff EQ 64		Diff EQ 64 Bit		Full EQ 64 Bit		Full EQ May 2013								Test No		Muncie 25ft Grid # Threads		 Diff EQ 64



				1		Donut Hole		6 min 23s		5 min 43s		22 min 7s		18 min 39s								1		1 Thread		32 min 32s

				2		Muncie 2D 25ft Grid				16 min 33s												2		2 Threads		22 min 43s

				3		Muncie 2D 50ft Grid		2 min 22s		1 min 3s		5 min 22s		3 min 58s								3		4 Threads		17 min 13s

				4		Muncie 2D 100ft Grid				21s												4		6 Threads 		16 min 41s

				5		Muncie 2D 200ft Grid				7s												5		8 Threads		16 min 40s

				6		Ohio/Miss 2D		57 min 33s		19 min 25s		108 min 19s1		93 min 35s

				7		Natomas 2D		19 min 45s		18 min 27s		23 min 10s		22 min 39s

				8		Saint Paul 2D		2 min 45s		1 min 56s		5 min 1s		3 min 18s								8		All Available Option		16 min 33s



				Average Time Differences From Prev Diff EQ in  %						-7%  to -63% 		117% to 346%

				Average Time Differences From Current Diff EQ in  %								249% to 460%										Note: Run on an Intel Xeon Processor with 6 cores (12 threads)

																						 software will currently only use up to 6 threads on this machine

				1Note: This models time step had to be reduced from 5 minutes to 3 minutes in order to run!





RAS vs Other Models



		Test No		Grid Size		No. Cells		Time Step		RAS Full Saint Venant



		1		25m		30340		2 sec		7 min 34s

		2		50m		7460		5 sec		1 min 38s

		3		100m		1809		10 sec		13s
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Grid Resolution Sensitivity
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Grid Resolution Sensitivity
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Location 2 Water Surface Elevations
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411607.52, 1804091.49

Plot WS extents for Profile:

Description
|

12.99

]

Pumg
Station
o

20 Area
Mann n
Fegions

20Area
EreakLines
#r

Help
IC Point
Tt

EC Lines

DigE =

o |w[e[e|e]e]|e|e|e]|e|e[e]|e][e]e|e]e]|x]e][e]e]e

SAl2DArea

SAL2D AN
Conn

D Interior Are
Location 2

20Flow
Area

a(e(aafa(a|afea]alo]a|ala]a|s]a|s|es]s]s][a]s
e [aa|e]s]|ale]a]a]a]a]a]a]a]a]a]s]e]s]2]e][s]s

Storage
Area

—

#e]afafe]a|ee]a]s]a]a]s]a]e]e]a]|a]e]a]a]e]a]a]s]|e][s][a]s][s]a]s
Doogooooooooooooooooooooon

w[e|efefe]e|ee]e|e][e]e|e]|e]e]e]e]|e]e]e|e]e]e|e]e]|e][s][e]|e][e]e]s
e [ele]a[elee]s[a]e]s]a]e]e]a]|e]e]e]e]e]a]e]s]|e][s[s]s][s]s]s
wfe|efefe]e|ee]e|e][e]e|s]e|e]e]e]|e]e]e|e]e]e|e][e]|e][e][e]|e][e]e]s
wfe]efefe]e|ee]e|e][e]e|e]|e|e]e]e]|e]e]|e|e]e]e|e][e]|e]s][e]e][e]s
#e]alale]a|ea]a]s]a]a]s]a]e]e]a]a]e]a]a]e]a]a]s]|e]+][a]s][s]s

Rinrar
Reach
LALALALALS
LALALALILS

2

Inline
Structure

File Edit Options View Tables Tools GIS Tools

ools
Editors
unet,
@
Cross
Section

" Geometric Data - Muncie Geometry - 2D 50ft Grid

Pumg
Station
o
HTah
Param
Wie
Picture
i)

Brdg/Cul
==

A0 Area
Conn
(W=

Lateral
Structure
Storage
Firea

2DFlow
Firea

Z3 Add Breaklines to Control Hydraulics



Grid Resolution Sensitivity — With Breaklines
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Model Computational Times

Test No| Grid Size | No. Cells | Time Step [RAS Diff Wave| Time Step | RAS Full Egns.
1 25ft 21719 10 sec 2 min 19s 4 sec 7 min 34s
2 50ft 5379 15 sec 33s 10 sec 1 min 16s
3 100ft 1323 15 sec 7s 15 sec 15s
4 200ft 321 20sec 4s 15 sec 6s
Location 1 Water Surface Elevations Location 2 Water Surface Elevations

948 - 946.5

PO it m

w0
e
-3

947

946 9455

w0
=
un

945 1

w
Y
'S
n

944

Water Surface Elevation (ft)
Water Surface Elevation (ft)

o i (7.6m)
25 ft Grid w— 25 ft Grid (7.6m)

o
&
B

943

— id (15.2m
50ftGrid ( ) ——50ftGrid (15.2m)

100t Grid (30.5 m)

942 9435 : : 100t Grid (30.5m)

e 200 ft Grid
rid (61.0 m) 200 ft Grid (61.0 m)

941 ! 943 . -
0.00 5.00 10.00 15.00 20.00 0.00 5.00 10.00 15.00 20,00

Time (hrs) Time (hrs) 23



Presenter Notes
Presentation Notes
This table shows the computational time differences to run each of the four cell sizes.  Obviously, the smaller cell size produces many more cells, and takes longer to run.  This is a combination of having more cells and requiring a smaller computational time step to solve the equations accurately (given the smaller cell size).  If you were only doing a reasonable number of runs, one would pick the 25 ft cell size, since it only takes less than 10 minutes to make a run.  However, if a Monte Carlo analysis was required in order to quantify the risk and uncertainty of the levee system, then the 100 ft grid run would be the better one to use.  Otherwise the Monte Carlo analysis could take days to make a single run.


RAS 2D Time Comp

				Unsteady Flow Computational Time Tests:  Full Saint Venant EQ vs. Diffusion Wave																		Testing of the # of Threads



				Test No		Test Name		Prev Diff EQ 64		Diff EQ 64 Bit		Full EQ 64 Bit		Full EQ May 2013								Test No		Muncie 25ft Grid # Threads		 Diff EQ 64



				1		Donut Hole		6 min 23s		5 min 43s		22 min 7s		18 min 39s								1		1 Thread		32 min 32s

				2		Muncie 2D 25ft Grid				16 min 33s												2		2 Threads		22 min 43s

				3		Muncie 2D 50ft Grid		2 min 22s		1 min 3s		5 min 22s		3 min 58s								3		4 Threads		17 min 13s

				4		Muncie 2D 100ft Grid				21s												4		6 Threads 		16 min 41s

				5		Muncie 2D 200ft Grid				7s												5		8 Threads		16 min 40s

				6		Ohio/Miss 2D		57 min 33s		19 min 25s		108 min 19s1		93 min 35s

				7		Natomas 2D		19 min 45s		18 min 27s		23 min 10s		22 min 39s

				8		Saint Paul 2D		2 min 45s		1 min 56s		5 min 1s		3 min 18s								8		All Available Option		16 min 33s



				Average Time Differences From Prev Diff EQ in  %						-7%  to -63% 		117% to 346%

				Average Time Differences From Current Diff EQ in  %								249% to 460%										Note: Run on an Intel Xeon Processor with 6 cores (12 threads)

																						 software will currently only use up to 6 threads on this machine

				1Note: This models time step had to be reduced from 5 minutes to 3 minutes in order to run!





RAS vs Other Models



						Test No		Grid Size		No. Cells		Time Step		RAS Diff Wave		Time Step		RAS Full Eqns.		Diff Wave July 31, 2013		RAS Full Saint Venant		Full Eqns. July 23, 2013		Full Eqns. July 31, 2013		ADH Full Saint Venant

						1		25ft		21719		10 sec		2 min 19s		4 sec		7 min 34s

						2		50ft		5379		15 sec		33s		10 sec		1 min 16s		15 min 7s		57 min 38s		54 min 15s		59 min 59s

						3		100ft		1323		15 sec		7s		15 sec		15s		1 min 10s		3 min 58s		3 min 30s		5 min 59s		34 min 39 s

						4		200ft		321		20 sec		4s		15 sec		6s		22s		29s		32s		30s

																				6s		8s		8s		8s
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Summary

* Detailed elevation-volume information developed for larger
computational cells, without losing details of the underlying
terrain.

* Larger cells results in shorter run times
* Faces control where water flows

* Faces are controlled with Breaklines



Questions?

US Army Corps
of Engineers
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