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Presentation Overview

1. What is GPU?

2. How does the new GPU solver compare to the existing CPU
Solver?

3. Example Applications
* High Resolution 1D/2D Urban Assessment
«  Whole of Catchment Modelling
* Flood Forecasting

4. Questions
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WhHERE
GPU?




What is GPU?
Graphics Processing Unit
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Accelerated hardware
development since 2000

Parallel computing is used to
achieve computation gains

TUFLOW is NVIDIA GPU
compatible (not AMD)

We support multiple GPU
cards

10 - 100 simulation speed up
compared to CPU

Traditionally used for graphics visualisation
Now used for scientific compute too

<ANVIDIA.
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What is GPU?
Graphics Processing Unit

Are all GPU cards equal?
NO

https://wiki.tuflow.com

* Hardware benchmarking
*  GPU modelling guidance
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I'UFLOW Set-up and use

TUFLOW

« How to install TUFLOW

+« How to configure a licence

« How to build a TUFLOW model
(tutorials)

« How to run a TUFLOW model

« Free pre/post-processing utilities

TUFLOW Benchmarks

o TUFLOW Solution Accuracy Benchmarks

Best Practice Guidance
« Webinar Recordings
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How does

the GPU and
CPU solvers
compare?



TUFLOW HPC (GPU Module)
Solution Scheme

Explicit, Finite Volume shock capturing solution

« Better suited to parallelisation than implicit schemes (Classic)
4t order in time, Runge-Kutta integration solution
2"d Order in space the default

« Same spatial order and cell design as Classic

i . . |u|At |v|At
Adaptive timestep design Ny, =max< A By >s 1.0

« Courant number

*  Wave celerity number A Ay

N, = max (MM MM) <1.0

« Diffusion number

Unconditional stability Ny = max(‘f)ff&?‘f) <03

- Exceptionally stable >> user beware ©
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Classic vs HPC
Beware of the stability!

Classic (CPU)

- Can go unstable (as we all know!) due to e —
matrix solution not converging =
» Instabilities highlight bad data / poor model ER ;
setup and force the modeller to fix models = -
HPC (GPU) gt

« VERY VERY stable and has zero mass error

* This may hide poor data or poor model set up
(accidental boundary condition or topography
errors)

« Use ‘dt” output with check files to review
location of minimum limiting timestep
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Heflls
Applications



High Resolution 1D/2D Urban Assessment
Council Master Drainage Study

P72
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“Where will our knowledge take you?”

Cassowary
Coast

Cassowary Coast Regional Council Master
Drainage Study Framework and Priority Plan

Stage 1 Draft Report  July 2012

REGIONAL
COUNCIL
Cardwell v
Innisfail CBD
Innisfail East

Innisfail Estate

Mission Beach
Mourilyan

Silkwood

South Johnston

Tully

Tully Heads / Hull Heads
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High Resolution 1D/2D Urban Assessment
Topography Data

Elevation
13.0
12.0
11.0
10.0
9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

Accuracy calculated by
benchmark survey data
(429 samples)

Sample Occurence (%)

0% s 0B A0 A HEAEHE Y
-1.5 -1.0 -0.5 0 0.5 1.0 1.5
ALS Data Accuracy (ft)
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High Resolution 1D/2D Urban Assessment
Stormwater Pipe Network

Elevation
—

2.0
1.0
0.0
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High Resolution 1D/2D Urban Assessment
Landuse / Data

Materials Legend Depth Varying Manning n
material 01 o —Material 3
material 02 O T
material 03 . e
material 04 § e
material 05 é 0,04 frmmmrrmmmmmmmm oo
material 08 070
material 09 0

0 01 02 03 04 05

material 10
Flow Depth (m)
material 11
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High Resolution 1D/2D Urban Assessment
Direct Rainfall Approach

0:00

Inundation is
mapped when
depth exceeds

0.1m

Infiltration = IL/CL
Event Duration = 12h
Rainfall Total = 486mm

Rainfall Depth (mm)

Time (hr)
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High Resolution 1D/2D Urban Assessment
What Matters?

Water Surface Elevation

What 2D model resolution... i
How fine for urban situations? —ppl
. 20m 7,500 cells B
e 10m 31,000 cells -
e 5m 125,000 cells
e 2m 750,000 cells
e 1m 3,100,000 cells

« 0.5m 12,500,000 cells
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High Resolution 1D/2D Urban Assessment
What Matters?

1m Grid Resolution

What 2D model resolution... 100%

How fine for urban situations? oo

- 20m ¥ 7,500 cells
- 10m ¥ 31,000 cells
- 5m $C 125,000 cells
* 2m \/ 750,000 cells 0%
 1Im \/3,100,000 cells
« 0.5m 12,500,000 cells

50%

Occurrence

-0.55t0-0.45
-0.35t0-0.25
-0.25t0 -0.15
-0.15to -0.05
-0.05 to 0.05
0.05t0 0.15
0.15t0 0.25
0.251t0 0.35
0.35t0 0.45
0.45t0 0.55

-0.45t0-0.35

Flood Level Difference
(m - relative to 0.5m resolution model)
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High Resolution 1D/2D Urban Assessment
What Matters?

TUFLOW Classic (CPU Hardware) 100

Solver/Hardware Comparison TUFLOW HPC (GPU Hardware)
) ) =l=GPU Speed-up (Times faster than CPU)
Simulation speed & 80
76 78 2
(=]
CPU GPU 60
S Gyt i o
47 %
N 4 B S = = A AL B ) ek L a0 <
E
Sy — e S el (e el =
21 20
e 2m 15:19 hr 0:20 hr
- 1m  14®hr 1:55hr 55, d .
° O 5m z4MayS 18 30 hr - 2,500 5,000 7,500 10,000 12,500

2D Cells (1000s)

=§Z§‘BMT CPU =17-5960X CPU @3.00GHz GPU =2 x GeForce GTX 980 _=TUFLOW



Bundaberg Non-Urban Overland Mapping Study
Catchment Scale Modelling

BUNDABERG

REGIONAL COUNCIL
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Bundaberg Non-Urban Overland Mapping Study
Catchment Scale Modelling

Rainfall Intensity (mm/hr)

« 7,000 km? area o

80.0

* 15m cell size e

i 50.0
* 6 durations g
20.0

« 1% AEP existing 100

i 0.0
+ future climate _a TUFLOW

Duration Percentage of area

where critical

10min 1.4%
20min 29.17%
30min 2.15%
1hr 24 .96%
2hr 11.48%

Bhr 2.2%
12hr 6.92%
24hr 9.49%
48hr 347%
72hr 8.76%
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Bundaberg Non-Urban Overland Mapping Study
Catchment Scale Modelling

7,000 km? area >30,000,000 2D cells
15m cell size
6 durations

1% AEP existing
+ future climate

Depth (m)

09
Duration Percentage of area :
where critical 08
05
10min 1.4% 04
T 03]
20min 29.17% 02
T 0.1
30min 2.15% | [0 02 03 04 05 06 07 08 09
! Velodity (m/s)
1hr 24 96%
1 | Extreme Hazard
High Hazard
2nr | 11.48% | ! Significant Hazard
Bhr 2.9% Low Hazard e
1210 6.52%
24hr [ 0.49% | Depth <05 <2 <2 2+
48hr 3.47% Velocity <15 <2 <2 2+
| D x V Product| <0.6 06t0<0.8 | 0.8t0<1.2 1.2+
72hr 8.76%
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Real-time Flood Forecasting

\VDOT

Virginia Department of Transportation
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Real-time Flood Forecasting

,,,,,

<
Currrent Flooded Bridges in The = Hopewell
Hampton Roads District

« Automated flood forecasting T i

- Petersburg ... george Claremont 9
using Google Cloud GPU ® b
hardware N "

‘
« NOAA rainfall forecast data v 4 el

» Direct rainfall TUFLOW ==
hydraulic simulation

Computational
Enhancements for the
Virginia Department

« Real-time bridge inundation Biver Sovers S (02D
risk results are uploaded to a
DoT website
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