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1 | Introduction

This document presents RiverFlow2D model instructional material and tutorials to facilitate the ap-
plication of several model components using QGIS. RiverFlow2D is a software system based on the
RiverFlow2D model developed by Hydronia LLC.

RiverFlow2D is a combined hydrologic and hydrodynamic, mobile bed, and pollutant transport finite-
volume model for rivers, estuaries, coastal areas, and floodplains. It can simulate floods and inun-
dation over complex terrain at high resolution and with remarkable stability, accuracy and speed.
The use of adaptive triangular-cell meshes enables the flow field to be resolved around key features
in difficult river environments.

Hydronia computational engines use an accurate, fast and stable finite-volume solution method that
eliminates the boundary and hot start difficulties of some two-dimensional flexible mesh models.
RiverFlow2D also includes capability to represent dam or levee breaches and can integrate hy-
draulic structures such as culverts, weirs, bridges, and gates. The hydrologic capabilities include
spatially distributed rainfall, evaporation and infiltration. This current version can integrate the effect
of spatially distributed wind stresses on the water surface.

The user interface of Hydronia models is based on QGIS, a powerful software for the analysis
of geographic information systems of free distribution. This software system integrated with GMSH
mesh generation plugin provides interactive functions to generate and refine the finite-volume flexible
mesh, and uses familiar GIS objects to construct a high level representation of the model. QGIS
also offers a complete set of visualization tools that include rendering, for the representation of the
results generated by the model.



2 | Creating your first RiverFlow2D ap-
plication

This section provides a step-by-step guide to help you get started with a RiverFlow2D project using
the QGIS interface. The example illustrates the model application to simulate flow in a river with a
single inflow upstream and a single outflow downstream. It includes instructions to enter the terrain
elevation data, create the mesh, prepare the layers with the input information, and run RiverFlow2D.

2.1 Starting a new project

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘Hoh_QGIS_Metric_Units’ folder. This zip file is downloaded separately from your installation
materials.

Name Date modified Type Size

Al hohdem?2 tif 5/3/2024 11:39 AM TIF File 1,166 KB
’ HohDTM_points_METRIC.txt 6/26/2018 12:17 PM Text Document 357 KB
| Projection EPSG 2855 meters.txt 9/4/2018 10:38 AM Text Document 0 KB
| QIN.DAT 11/24/2019 10:54 AM DAT File 1KB

Figure 2.1 — Files with data required for the example.

The first step is to start the QGIS software clicking the QGIS desktop icon . If this icon is not
available, you can run the ‘qgis-bin.exe’ executable on the QGIS ‘bin’ subdirectory. After loading,
you will see a window similar to the one shown below:

2



3 2. Creating your first RiverFlow2D application

So:e:d::m;:: LQaGyI:r Settings Plugins Vector Raster Database Web Mesh Processing Help 1 Menu bar > : .
DEARRY O R0 P ME~ 2R * -
agv:ami o : -A- &
3 QGIS toolbars
€8x €1 8n- €3 85&3- 2 HydroBID Flood toolbar

Layers e
BT -

5 Layers panel

4 Map view area

vvvvvv

SEDBAENSBES

<
Type to locate (Ctrl+K) Coordinate 0.109,-0.965 9§ Scale1:1730684 v (@ Magnifier 100% % Rotation 0.0° % v/ Render @EPSGi4326 @

Figure 2.2 — QGIS interface indicating window areas.

If you don’t see the toolbar with the model icons as shown, you will need to activate the plugin using
the Manage and Install Plugins... command under the Plugins menu.



2.2 Start a new project 4

Q Plugins | Installed (17) X
Q Search...
i Installed ~ Coordinate Capture This is a core plugin, soyou °
# Not installed Vv [ DB Manager can't uninstall it
@ eVis

3 Upgradeable

% New [y Geometry Checker hyd ro BI D

1t Georeferencer GDAL
i¥ Install from ZIP 2 GPS Tools FIOOd
& Seitings
v/ = LAStools

Interface for HydroBID

v/ @ MetaSearch Catalog Client Flood for QGIS 3.x

W OfflineEditing

‘/OO”F'OW_ZD Interface for HydroBID Flood by

v/ % Processing Hydronia LLC

v & Profile tool

v A Qgis2threejs

V € QuickMapServices Category Plugins

v % RiverFlow More info homepage
‘® Topology Checker bug tracker

code
repository

Author J. Artigas
for Hydronia

LLC
Installed version 7.10 b
|Upgrade AII‘ Uninstall Plugin = Reinstall Plugin
Close Help

Figure 2.3 — Plugins window showing activated HydroBID Flood.

2.2 Start a new project

1. To create a new RiverFlow2D project, click on the New RiverFlow2D Project button @E in
the toolbar. to start a new RiverFlow2D project. A dialog window appears where you select
the layers that will be created, the Coordinate Reference System (CRS), and the directory
path where the layers will be saved. This example will use the basic layers: Domain Outline,
Manning N, and BoundaryConditions

2. Select None in the Layers drop down menu.

3. Select the Projection button. In the Filter textbox, type 2855 and select the Coordinate Refer-
ence Systemn as shown:



2. Creating your first RiverFlow2D application

(2 Coordinate Reference System Selector X
Define this layer's coordinate reference system:
This layer appears to have no projection specification. By default, this layer will now have its projection set to that of the project, but you may
override this by selecting a different projection below.
Filter | < 2855 a
R Iy used 5 £
Coordinate Reference System Authority ID
NAD83(HARN) / Washington North EPSG:2855
4 >
Coordinate reference systems of the world Hide deprecated CRSs
Coordinate Reference System Authority ID
M @ Projected Coordinate Systems
¥ Lambert Conformal Conic
NAD83(HARN) / Washington North EPSG:2855
v Transverse Mercator
0OSGB36_Highways_England_A30H1 EPSG:102855
4 >
NAD83(HARN) / Washington North A
Extent \\\} w
-124.79, 47.08, -117.02, 49.05 \
Proj4 /
+proj=lcc +lat_1=48.73333333333333 +lat_2=47.5 +lat_0=47
+lon_0=-120.8333333333333 +x_0=500000 +y_0=0
+ellns=GRS80 +towns84=0.0.0.0.0.0.0 +units=m +no defs h(
oK Cancel | Help

Coordinate Reference System Selector dialog window.

4. Click OK.

5. Select EPSG:2855 that corresponds to the NAD83(HARN)/Washington North Coordinate Ref-
erence System (CRS):

q:Create New Project ? X
hydrobid
~—food"

Create New HidroBID Flood Project
Layers none

[] Manning Nz [ profiles

[ 1nitial WSE [] observationPoints
[ MaximumErosionDepth [ ] Bridges

[ Tinfiltration [ Gates

[] RainEvap [ culverts

[1 wind 1 weirs

|:| CrossSections I:‘ DamBreach

[] source/sink [] Multiple DEM Boundaries

[[] Initial Concentrations

Projection EPSG:102748
Project Directory 's\Hoh_QGIS |:|
OK Cancel

Create New RiverFlow2D Project.

6. Click the - button to provide a path to store the project files in the Project Directory textbox.
This will be the folder where the model will write all results and output files.

7. After clicking OK, the layer templates are created, and displayed on the Layers Panel

The model will use the unit system as that defined in the projection you selected. If the pro-
jection has coordinates in feet, units will be set to English. If the projection coordinates are in

meters, units will be set to Metric/SI.
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Layers @®
DAY AR - )

v!| | Domain Outline

v D Boundary Conditions
v W Ii'fl MESH_SPATIAL_DATA

v || Manning N

V! (0l COMPONENTS

v Iﬁl QUTPUT_CONTROL

V| [l OUTPUT_RESULTS

BN EMNS

Layers created for the project.

8. On the QGIS Project menu, click Save, to save the project in the same directory that you
previously selected in the Create New Project dialog above.

2.3 Load elevation data

In this tutorial we will use a raster file that contains the terrain and river bed bottom elevation data
in ASCII grid format.

1. To load an ASCII grid file, click the Add Raster Layer button 'ﬂ.

2. In the dialog search for the tutorial folder and select the ‘hohdem?2.1if’ file as shown:

Source type
® File Protocol: HTTP(S), cloud, etc.

Source

EAVE
« Delimited Text Raster Dataset(s) i low2D_( j \_QGIS_Metric_Units\hohdem2.asc @
4 GeoPackage

% Spatialite
4 PostgresQL.

&'s ACGIS Feature Server
+ GeoNode

Close || Add  Help

Dialog to create a layer from a raster file.

3. While on the dialog, click Add and click Close.

4. Use the Zoom to Layer button p to center the image.

Once the process is completed, the raster will be displayed on the screen, by default it is
rendered in gray gradient as shown.
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Layers 28
AL AU - vl
v V¥ DEM How
Band 1
sasa777e

I 5169753

Digital elevation model in raster format.

Right-clicking on the label of the new raster layer and selecting Properties allows you to change
the rendering style for a more informative palette such as Hillshade for instance.

Q Layer Properties - hohdem2 | Symbology X

~ Band Rendering
@ Information
Render type Hillshade v

@ Source

& Symbology Band Band 1 v
|8 Transparency

Altitude 45.00° 0

= Histogram :

« Rendering o &

M Pyramids Azimuth \\x/

| Metadat: ’
.l cetee 315.00° B
Legend

QGIS Server Z Factor 1.00000000 0

Multidirectional

v Color Rendering

Blending mode |Normal v 49 Reset
Brightness — 0 % Contrast =o—— 0 2
Saturation — 0 & Grayscale Off v
Hue Colorize ~ Strength 100%| v

~ Resampling
Zoomed: in |Nearest neighbour ¥ | out Nearest neighbour ¥ ' Oversampling 2.00 %

Thumbnail Legend Palette
Style ¥ OK | Cancel | Apply = Help

Window to change the raster layer render style.

And now the raster layer is displayed with the new palette selected:
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Vector Raster Datobose: Web Mesh Pr

= ‘ Eﬂy’ SO IO @, o) % T -5
ARVosZ A = AQQR @ o
s e %% @ @
BN B BN
Vi d@®TE B0 )
ﬂﬂ:; g
- \ Byl -
9:; . (& \
b ¢ B T
v v }
<. [
@ L
@ 18 hg
Ve i A%
a8
1BV
Lp g
/

Cosvtinate 20216590302 B Sesle 17764 v (@ Magnifer 100% 3 Reaton 00° 3 ¥ Render @BSGE @

Digital elevation model with Hillshade render.

5. You should move the raster layer dragging it to the end of the list of layers to avoid that it would
hide or interfere visually with the other layers.

2.4 Create the limits of the modeling area

We define the limits of the modeling area drawing a polygon on the Domain Outline layer. To create
it do as follows:

1. Click the Domain Outline layer to activate it and then click Toggle Editing (pencil) in the toolbar

LAV R NN X

2. This activates the rest of the editing buttons. Now click the Add Feature tool which is the

bean-looking polygon

Proceed to delineate the outline of the polygon by clicking the vertices with the left mouse
button.

Make sure that the polygon is contained within the limits of the raster layer since the program
will not extrapolate elevations to areas that are outside of the available data on the raster layer.

3. To finalize and close the polygon, right-click on the map view area. A dialog window to input
the cell size attribute of the newly created polygon will appear. The CellSize value for the
reference size of the mesh cell is indicated. Enter a value of 20 m.
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Domain Outline - Feature Attributes n
Actions
CeliSize 20| al
Cancel

CellSize defined for the Domain Qutline layer.

If you want to make any correction in the outline of the created polygon, use the Node Tool

.
4. Save the polygon by clicking the Save button .

5. and click on Toggle Editing button to deactivate the layer Edit mode J@

The Domain Outline is now complete.

Figure 2.4 — Domain Outline layer.

2.5 Generating the triangular-cell mesh

Now that the Domain Outline layer has been created, proceed to create the mesh by clicking on the
Generate Trimesh button

The following figure shows the generated mesh. You will also see in the Layers panel the new layer:
Trimesh
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Figure 2.5 — Resulting mesh.

You can see the mesh generation statistics, and other messages produced by the mesh generation

program while creating the mesh in the Log messages panel. This window is accessed from the
View menu, then by clicking Panels.

Log Messages Panel

General Plugins

2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0
2018-09-04T11:14:31 0

2.6 Setting up the boundary conditions

Processing Python warning Gmsh 8
Info : Meshing curve 105 (Line)
Info  : Meshing curve 106 (Line)
Info : Meshing curve 107 (Line)
Info : Meshing curve 108 (Line)
Info  : Meshing curve 109 (Line)
Info : Meshing curve 110 (Line)
Info : Meshing curve 111 (Line)
Info : Meshing curve 112 (Line)
Info : Meshing curve 113 (Line)
Info : Meshing curve 114 (Line)
Info  : Meshing curve 115 (Line)
Info : Meshing curve 116 (Line)
Info : Done meshing 1D (0.015625 s)
Info  : Meshing 2D...
Info : Meshing surface 1 (Plane, Delaunay)
Info : Done meshing 2D (0.046875 s)
Info : 1186 vertices 2486 elements
Info : Writing 'C:\Users\Hydronia Dell\Documents\RiverFlow2D_QGIS\ExampleProjects\Hoh_QGIS\TriMesh.msh'...
Info : Done writing 'C:\Users\Hydronia Dell\Documents\RiverFlow2D_QGIS\ExampleProjects\Hoh_QGIS\TriMesh.msh’
Info : Stopped on Tue Sep 04 11:14:31 2018

Gmsh has been executed correctly

Figure 2.6 — Message panel of the registry with GMSH messages.

Inflow boundary conditions:

1. Select the BoundaryConditions layer in the Layers panel.
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2. Click the Toggle Editing button é/ to add the polygons that will indicate the open boundary
segments where inflow and outflow conditions are imposed. Draw a polygon at the upper end
of the mesh as indicated in the figure:

Polygon that covers the nodes defining the Inflow boundary condition segment.

3. To finish the polygon, right-click on desired location. A window to enter the attributes of the
newly created polygon is displayed.

4. In the Boundary Cond. ID enter the desired name or leave the default.
5. From Type of Open Boundary list, select 2. Discharge vs. Time

6. Click Import BC File button, and search for the ‘QIN.DAT’ hydrograph file as shown below:

Boundary Conditions - Feature Attributes n

General BC Data

Boundary Cond. Identify (ID) BC_1
Type of Open Boundary 2.Discharge vs Time v

Bound. Cond. File Name |QGIS_Metric_Units/QIN.DAT Import BC File

OK Cancel

Inflow boundary condition parameters.

Boundary Conditions - Feature Attributes

General BC Data

Time QDischarge
10 31.60
21 1900.51
320 1900.51
4 v

oK Cancel

Hydrograph loaded from the 'QIN.DAT" file.

7. Click OK to close the dialog and then click Save E .
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Outflow boundary conditions:

1. Draw the polygon defining the outflow boundary condition at the downstream end of the chan-

nel as shown.

VA N
AvaTav
<
5

Y/
’
Vv

]
vay)
2

4
/%
o5

Polygon that defines the outflow boundary condition segment.

2. Right click to close the polygon. A dialog window will appear to enter the parameters. Select
the condition type Uniform flow conditions and enter the channel slope. Slope is entered in So

as shown:

Boundary Conditions - Feature Attributes =

General BC Data

Boundary Cond. Identify (ID) BC_2
Type of Open Boundary | 5.Uniform flow condition

So 0.03 Import BC File

OK Cancel

Parameters for the uniform flow outflow open boundary condition.
3. Save the changes made to the layer by clicking the Save button |B .

4. Deactivate editing mode by clicking on the Toggle Editing button / .

The figure below shows how the BoundaryConditions layer should look:
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Layers
Vo Maswa-aan - —
v [] TriMesh ]
V[ ] Domain Outline /
V[ ] Boundary Conditions
v V([ MESH_SPATIAL_DATA
V/[ | Manning N
v [ COMPONENTS
v @ ouTPUT_CONTROL
v [l oUTPUT_RESULTS
V. ¥ hohdem2

2. Creating your first RiverFlow2D application
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Polygons that define the inflow and outflow boundary conditions.

2.7 Assigning Manning’s n

To assign Manning’s n values, we enter polygons with given n’s. There can be as many polygons
as those required to reproduce the spatial variability of this parameter. In this example, a single
polygon will be drawn for the entire area.

1. Select the Manning N layer and click the Toggle Editing button

2. Draw a polygon that covers the entire domain. The polygon may extend beyond the mesh area
as shown:
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kg AR Che A = =] = C) ~
Layers 28
e wTHERAD

V[ TriMesh

V[ | Domain oOutline

V[ ] Boundary Conditions
v v L@ MESH_SPATIAL_DATA

v [/|Manning N

V! (8 COMPONENTS

V' @ OUTPUT_CONTROL

V[ OUTPUT_RESULTS

V ¥ hohdem2

<

SEDBSENCBNS

<

Capa Manning N.

3. Close the polygon by right-clicking on the end vertex and enter a Manning’s n equal to 0.035:

Manning N - Feature Attributes

ManningN 0.035 a

| oK | ‘ Cancel

Didlogo para ingresar ManningN.
4. Click Save , and then click the Toggle Editing button J@ to deactivate editing mode.

Save the QGIS project using the Save command in the Project menu. Name the project file ‘Hoh.qgs".

2.8 Exporting the files

Once the layers with the input data to the model have been created, we need to export data files
required to run RiverFlow2D.
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2. Creating your first RiverFlow2D application

1. In the RiverFlow2d plugin toolbar, click the Export files for RiverFlow2d button and select

Export RiverFlow2d ...

2. In the export dialog window indicate the Scenario Name and the raster layer of the Digital
Elevation Model (DEM).

The Scenario name is also the name that will be given to all of the exported files, these names

should never be changed manually.

3. Click OK.

‘TARiverFlow2D

Project Directory

.‘, RiverFlow2D

Export Files to RiverFlow2D

|[ExampleProjectsRF2D/Hoh_QGIS_Metric_Units FINAL

Project Name

[Hoh|

DEM (Single Raster)

» Options

DEM

| OK | Cancel

Export RiverFlow2D dialog.

A message at the top of the Map area shows the progress of the Export process.

Once the model files have been created, the Hydronia Data Input Program will appear auto-

matically with the main control data file loaded, in this case: ‘Hoh.DAT".

Once the model files have been created, the Hydronia Data Input Program will appear auto-

matically with the main control data file loaded, in this case: ‘Hoh.DAT".

Control Data

= Modules
Sediment Transport
Polltant Transport
Mud/Taiings Flow
Oil Spill on Land
Oil Spill on Water
Plastic/Particle Transport
Water Qualty
Urban Drainage EPA-SW

= Components
Rainfall/Evaporation
Culverts
Bridge Piers
Open Boundary Conditior
Sources and Sinks
Weirs
Intemal Rating Tables
Wind
Bridges
Gates
Infitration
Bridge Scour

Dam Breach

= Output
Graphic Output Options
Profile Output
Cross Section Output
Observation Points
Tools

Open Al Files Save All Files

Control Data
Time control data Modules Output options
Open DAT e O Sediment Transport O O Spil on Land O Automatic close of model windows
Outputinterval 9 O Plastic/Partice Transpot © None U Output hazard fle
for components fs): O Wban Drainage EPASWMM () Output resuits for cross sections
boal — () Output resuits for profies
Courant number (CFL): 1 (O Rainfall/Evaporation () Weirs (O Output resuks at observation points
Fie Verson O Hot stat 0) Bidge pers O Wind () Compute mass balance every
O Culvetts () Bridges output interval
Computation control data :E: '[’)";’“;lg:‘c':g L) j ‘an";;m Dethforantval > (00000 2
= s (ool ! (0 Sources/Sinks [ Bidge scour
(L) Manning’s n variable with depth Mutiple Sources batch un Initial conditions
Mimum depth for cry bed: -1
- © Diybed
Model Selection — Engish O Read intial water elevs. from FED file
O RiverFlow2D GPU DIP Language:  Engiish D Horizontal water surface elevation
O Rierflow2D CPU Parallel computation
Number of cores o

Run RiverFflow2D

Datafie origin: QGIS

24 v

Ea @ 1w hydironia com

Hydronia Data Input Program window.

About Hydronia RiverFlow2D

4. Click the Run RiverFlow2D button to run the model.

5. A Dialog box will ask if you want to save changs, no changes were made so select [No].

An image similar to the one shown below should appear:
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S RiverFlow2D Plus

Simulation Status

L3 Msgs (22)
L2 Msgs (3)
B L1 Msgs (11)
Nodes read 2196
Cells read 4205
Mesh loaded
Found 7 inlet boundary walls with label 1
Found 28 outlet boundary walls with label
Inlet boundary conditions ready
Outlet boundary conditions ready
Boundaries ready
RiverFlow2D setup loaded
Dry initial conditions set
Simulation setup ready

- o X
44.94 Topography (m) 59.50 0.00 Water Depth (m) 8.05
L O T B

Info

B Info Activated
Kernel compilation: Feb 12 2024
The number of threads is set to 24
Simulation completed
Elapsed time (HH:MM:SS): 00:00:11

Progress

Simulation

t (D H:M:S)

0000 02:00:00

2000
1500
1000

500

0
00:00:00
bl

at(s.) Volume Error (%)
0.013422 0.000000e+00

Q Inflow (m¥/s)
1900.513476

Q Outflow (m=/s)
1901.814832

= Total Inflow === Total Outflow === Volume Error

/

00:20:00 00:40:00 01:00:00 01:20:00 01:40:00

-1E
02:00:00

0:10:00 00:30:00 00:50:00 01:10:00 01:30:00 01:50:00

Time

| Pause | ‘ Close

Window displayed while the model runs.

Take some time to explore the information included in this window.
This concludes the Creating your first RiverFlow2D application tutorial.
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When establishing a mathematical model of a system, it is very common to perform a variety of
runs with different values of the most significant parameters to see their effects. In some cases, it
is also useful to have the model run the scenario without a project and within a project. In previous
versions of the plugin this had to be done in separate QGIS projects, which involved making copies
of the project folders and data, which can bring problems with data handling and access. This new
version of the RiverFlow2D plugin for QGIS allows the management of multiple scenarios within the
same project. In this way variants of the same model can be created as subprojects, thus bringing
with it the advantage of having all the variants organized in the same project which facilitates access
and management of information. The following describes the new features of the QGIS interface
for RiverFlow2D that allow the handling of multiple scenarios.

3.1 New interface elements for managing multi-scenario
projects in RiverFlow2D

This section provides a description of the new elements in the QGIS user interface for handling
RiverFlow2D multi-scenario projects. The RiverFlow2D toolbar now features three new items:

+ A drop-down list that shows the user the list of scenarios contained in the project.
+ An option to generate new scenarios in the New RiverFlow2D Project button.

» An option in the RiverFlow2D tools menu that allows you to import an existing RiverFlow2D
project into the multi-scenario mode.

The figures below show the three new elements.
) . " ) W O
O-R-T-E-HEE -

Figure 3.1 — Drop-down list for displaying and selecting project scenarios

17
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Q'E],Q‘E,Q‘Evchvth-

‘+=1 New RiverFlow2D Project
| ]

i New Scenario

“E Delete Scenario

Figure 3.2 — Tool to create a new scenario within the project

0 - - 0 S 3
O K-~ HJH & 8r -
Mew Template Layer
EPA-SWMM Tools >

Multihydrograph to Singlehydrograph files

Import Single to MultiScenario Project

Figure 3.3 — Tool to convert existing project to multi-scenario

3.2 Creating a new RiverFlow2D multiple-scenario
project using QGIS

» To create a new project into a multi-scenario project, access the first button on the toolbar and
select the New RiverFlow2D Project menu option as shown in the figure below:

il - AR Rl =

i@ New RiverFlow2D Project

“E] New Scenario

“E] Delete Scenario

Figure 3.4 — Menu to create a new project

The dialog window a field is presented to indicate the name of the initial scenario (highlighted in a
red box in the figure below), by default this field is labeled base. The drop-down list for displaying
scenario names is limited in length, we recommend that you assign short names to scenarios for
ease of viewing and to assign names without spaces.
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3. Multiple Scenario Project Tool

v

e I Y I O O T Y S

<

¥ Create Layer

‘Q

Layers | al A

MeshDensityLine

MeshBreakLine

Manining Mz

Initial WSE
MaximumErosionDepth
Infiltration

RainEvap

Wind

CrossSections
Source,/Sink

Internal Rating Table
Piers

ParticdeTransport

Projection

| 4

RiverFlow2D

Create New RiverFlow2D Project

e I I I I B O A S Y S

MeshDensityPolygon

Profiles
ObservationPoints
Bridges

Gates

Culverts

Weirs

DamBreach

Multiple DEM Boundaries
Initial Concentrations
Abutments

Initial Bed Fractions

EP5G:4326

Mame initial scenario ¢ |base

Project Directory

Cancel

Figure 3.5 — Dialog window to create a new RF2D project

When creating a multi-scenario project, within the folder selected for the project a subfolder is cre-
ated with the name given to the initial scenario, (in this example the folder name base)and within that
sub-folder another subfolder is created with the name shape where QGIS creates the templates of
the layers used by the model for that scenario. Each other scenario will have its own shape subfolder
that contain the layers for that particular scenario.

3.3 Create a new scenario

Once we have a project created with the new Multi-scenario tool, we can start to create additional
scenarios by following the steps in this section. Please make sure to have either created a new
project with the tool or have already converted an existing project before doing the following.

» To create a new scenario, access the first button on the toolbar and select the New Scenario
menu option as shown in the figure below:
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Q?EYQ‘E,QE,QT@,QTB:E-

'TZ] New RiverFlow2D Project

i New Scenario

"E Delete Scenario

Menu for creating a new scenario in an RF2D project

» A window will be presented, input the scenario name keeping in mind to use short names
without spaces.

¢ RiverFiow2D

Add New Scenario to RiverFlow Project

New Scenario Name : | |

| oK Cancel

Window to create a new scenario.

The new scenario is based on the layers with the input data of the current scenario. The plugin
will proceed to create a subfolder with the name of the new scenario within the project folder. In
this folder the files corresponding to the layers of the RiverFlow2D project will be copied with
the input geospatial information it requires. Please note that the model layers will not copy
post-processing products such as maps or animations. The plugin then updates the paths of
the sources of the layers to the files in the new folder and finally the drop-down list in the RF2D
toolbar is updated with the name of the new scenario.

3.4 Switching scenarios

» To switch between the different scenarios that you have in a project, simply display the scenario
list located in the RF2D toolbar and select the desired scenario as shown in the following figure:

phi R CAd A = el < "N

Q440

Switching scenarios
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» Then a Dialog window will ask for confirmation to switch scenarios, as shown in the figure:

(2 rRF2D e

0 Do you want change scenario?

| Yes | Mo

Confirmation window for switching the scenario.

When you switch scenarios, the state of the layers in the current scenario is automatically
saved.

3.5 Deleting scenarios

To safely delete scenarios, the tool also contains a menu option to delete them when needed:

+ Use the button below the New RiverFlow2D Project dropdown, and select Delete Scenario:

TR A H Y B ¥
| %] New RiverFlow2D Project

- .
‘I New Scenario

i Delete Scenario

Figure 3.6 — Menu button to delete a scenario.

*IMPORTANT™ Please note that deleting a scenario folder manually from the project directory will
cause the entire project to be unusable. This tool must be used in order to avoid this.

3.6 Import an RiverFlow2D project into Multi-scenario
mode

The RiverFlow2D Multi Scenario tool has a feature that allows you to import an existing project(mono-
scenario) and convert it to a maulti-scenario project.

* Open this tool in the options menu of the RF2D Tools button as shown in the figure below:

o o [} o S G S
O-R®-T- A& & 8- M
Mew Template Layer
EPA-SWMM Tools 4

Multihydregraph to Singlehydrograph files

Import Single to MultiScenario Project

Menu to import a project to multi-scenario mode
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* When you start the import tool a window is displayed as illustrated in the figure below, you
must specify the project file. DAT to import.

¢ RiverFiow2D

Import Single Project to RF2D MultiScenario Project

.DAT File Name :

oK Cancel

Import tool window

» Once you click [OK], a subfolder with the name of the file is created inside the folder where
the original project is located.

+ All files and sub directories in that main project folder are copied, and the metadata of the
project QGZ is updated with the new location of the layers.

+ Finally the drop-down list on the RF2D toolbar is updated with the name of the new scenario.

The files of the original project are kept in the project folder, it is at the discretion of the user delete it if
you think it necessary, the only one that is required then is the QGIS project file (.qgz) This concludes
the tutorial on using the Multiple Scenario Project tool within the QGIS RiverFlow2D toolbar.
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| Simulating levees using weirs

This tutorial illustrates how to incorporate a levee to an existing RiverFlow2D project using the Weirs
Component in the QGIS interface. The problem consists in modeling a lateral weir along the right
margin of a river, as can be seen in the following figure:

Figure 4.1 — The weir polyline representing the levee is shown in red.

The procedure to incorporate the weir in a RiverFlow2D simulation involves the following steps:

1.

2.

7.

Open an existing RiverFlow2D project.
Add the Weirs layer.

Draw the weir polylines.

Input the weir parameters or attributes.
Export the files to RiverFlow2D.

Run the RiverFlow2D model.

Review the output files.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘WeirTutorial’ folder. This zip file is downloaded separately from your installation materials.

23
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4.1 Open an existing project

1. Open QGIS.

2. On the Project menu click Open... and browse to select the existing project: .

This project contains the following layers: Domain Outline, Digital Elevation Model (DEM) of
the river bed in raster format, aerial photography, polygon with the Manning coefficient and the
polygons with the boundary conditions where the flow entrance is in the upper left corner and
exit in the lower left corner. The boundary conditions are a hydrograph with a peak discharge
of 220,000 ft3/s, and outflow condition is set to uniform flow. When you open the project you
will have a project image loaded in QGIS as shown in Figure 4.2:

Example of the tutorial loaded in QGIS.

4.2 Create a Weirs layer and the weir polyline

The weir location can be drawn on the Weirs layer or it can be imported from an existing file. In
this tutorial, the polyline that indicates the location of the weir will be imported from a text file. The
structure of the file should be as follows:

» The first line must indicate the number n of nodes that contains the polyline.
* The n successive lines will contain three columns with the X, Y coordinates.

» The elevation of the weir crest separated by space as shown in Figure 4.3:
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£ LeveeRB_Breakline.txt: Bloc de notas
Archivo Edicion  Formato  Ver Ayuda

8

6219162.96685824 1928648.439957593 155.51

6218337.22786574 1927885.61515153 151.14

6217873.24164329 1927256.48129858 150.858
6217495.76132672 1926454.33561787 158.694
6216764.39321337 1925471.3135%60814 156.16

6215962.24754866 1924787.13888636 155.342
6215865.7317888 1924299.55214412 154.518
6213972.61170541 1923745.00801579 155.838

Figure 4.2 — Text file with weir alignment data.

Adding the Weirs layer involves the following steps:

1. Create Weirs layer: for this click on the New Template Layer button in the RiverFlow2D toolbar

2. Activate the checkbox Weirs, as shown in the Figure below:

€ Add Layer Template ? X
hydrobid
~ 00"

Add Template Layer to HidroBID Flood Project

Components Mesh
Manning N |:| Manning Nz

[] Initial WSE [] Bridges

|:| MaximumErosionDepth |:| Gates

] Infiltration [] culverts

[] RainEvap Weirs

1 wind [[] pamBreach
CrossSections [] source/sink

] profiles [[] observationpoints

[] 1nitial Concentrations

Plugin to add a new template layer.

3. Edit the Weirs layer: In the layer panel, select the Weirs layer and in the digitalization toolbar
click on the Toggle Editing button

/4

A pencil icon will appear in the Weirs layer indicating that the layer is in edit mode:

4 [ [l coMPONENTS
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4. Draw the line representing the weir: Using the Add Feature tool from the digitalization bar

1 pa
-]

Draw a line anywhere in the map area (just mark two vertices or nodes. This line will then be
replaced by the coordinates of the file to be imported).

5. Right-click to finish the layout and a dialog window will appear to input the weir parameters.

6. Input the weir parameters: The window to input the weir attributes contains two tabs. In the
first one there are the fields of the general parameters, within which has:
* Weir Name (ID): Weir1
» Weir discharge coefficient: 3.2
» Weir crest elevation for all the weir: since a file will be imported this field will be left empty.
+ Size Element: 150

» Import Geometry File: Click the [...] button and point to the file LeveeRB_Breakline.txt
which is found in the tutorials folder.

The weir parameters window should look like the image shown below:

Weirs - Feature Attributes n

General Weir crest elevation for vertex

Weir Name (ID) |Weir1] |

Weir discharge coefficient. |3.2 ‘
Cell Size 150 |

Import Geometry File

oK Cancel

Window to input Weir parameters.

In the second tab ‘Weir crest elevation for vertex’ the data contained in the file LeveeRB_Breakline.txt
is displayed, as shown in the following Figure:

Weirs - Feature Attributes !

General Weir crest elevation for vertex

Set a weir crest elevation for all the weir NULL

X_W Y_W VRCRES
1 62191... 19286... 155.51
2 62183... 19278.. 151.14
3 62178... 19272... 150.058
4 62174... 19264... 150.694
5 62167... 19254... 156.16
6 62159... 19247... 155.342
7 62150... 19242... 154.518
8 62139... 19237.. 155.838
9

OK Cancel
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Window for weir geometry data.
7. Then click on the [OK] button.

8. Save the changes in the layer using the Save button of the digitalization toolbar

=]
o

9. Disable the editing mode of the layer with the Toggle Editing button

J

and we will have on screen an image similar to the one shown below where you can see the
layout of the weir:

Weir alignment loaded from the file.

4.3 Generate the mesh

The mesh is generated with the Generate TriMesh plugin.

@<

result should look similar to the image on Figure 4.8.
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Figure 4.3 — The mesh generated.

4.4 Exporting files to RiverFlow2D

Now that you have generated the mesh and you have the other layers ready with the necessary
data, you should export the files in the format required by RiverFlow2D.

1. Click the Export to RiverFlow2D button.
€

2. When running the plugin a window is displayed, here we must select the raster layer that
contains the Digital Elevation Model (DEM) and the name of the project to be exported.

Once the plugin is executed, a window will be shown (Figure 4.9), as it should be for our
example.

€ Export to HBF ? X

hydrobid

~—flood"

Export Files to HydroBID Flood

DEM (Single Raster) DEM -

|:| Get elevations from Multiple DEM Boundaries

Project Name bocuments\RiverFlowZDﬁQGIS\ExampIeProjects\WeirsTutoriaI\WTZ‘ B

» Options

OK | ‘ Cancel ‘
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Plugin window to export the files to RiverFlow2D.

3. After inputting the data, click on the OK button and the export process will begin. Once it is
finished, Hydronia Data Input Program will be loaded as shown in Figure 4.10

4% Hydronia Data Input Program - C:\Users\PC\D¢ D_Q pleProjects\WeirsTutorial_\weirTutorial - X
Control Data Control Data

=) Modules

?:"‘”“TTW‘WM Time control data Modules Output options

ollutant Transport Open .DAT ~ ~
Mud/Taiings Flow Smulation time (vs): 2 O Sedment Tranapot 9 0d Spllon Land O Automalic close of model windows
0il Spill on Land Save DAT O Politant Transpot O O Spill on Water "
Ol Spill on Water Outputinterval s): 01 O Mud/Taiings Fow O Water Qualty 8 Output maximum files
Plastic/Particle Transpor Ouputinterval (¢ O Plastic/Patticle Transpot © None (O Output hazard file
vU:ta g\:my s S () Urban Drainage EPA-SWMM (0 Output resuls for cross sections

an Drainage EPA- -

& Components Componerts e
Rainfall/Evaporation Courant number (CFL): 1 (O Rainfall/Evaporation & Weirs ([0 Output results at observation points
Cuiverts
e O Hotstat g (B:l:ge piers 8 :v“::ﬂ o mu:;::;s balance every
Open Boundary Condior B . o -

Sources and Sinks Computation control data U Intemal rating tables es Depth for amiv 00000 12
Weirs () Dam Breach () Infitration s G
Intemal Rating Tables Marring's nfactor: |1 (O Sources/Sinks (O Bridge scour
Wind (0 Mannings n variable with depth Mukiple Sources baich i Iniial conditions
Bridges Minimum depth for dry bed: -1
Gates e — © Drybed

Met English ~
e Model Selection e O Engd O Readintial water elevs.from FED fie
Bridge Scour O Riverflow2D GPU DIP Language:  Engish v © Horizontal water suface elevation
Dam Breach New © RiverFlow2D CPU Parallel computation P 4

= Output
Graphic Output Options Data il origin: QGIS Numberof cores
Profile Output 2% v
Cross Section Output
Observation Points

Open Al Files Save Al Files Run RiverFlow2D Exit (7 A About Hydronia RiverFlow2D

4.5 Running the model
Make sure that the Weirs Component appears selected in the Control Data panel.

1. In the list of components, select ‘Weirs’ and the panel of the Weirs component will appear.
In this window the contents of the . WEIRS’ file content as prepared by RiverFlow2D will be
displayed (Figure 4.11).

4% Hydronia Data Input Program - C:\Users\PC\D

D_Q pleProj ial_\weirTutorial - X
Control Data Weirs
- Modules
Sediment Transport
Pollutant Transport Open WEIRS
Mud/Taiings Flow -
Oil Spill on Land Save WEIRS 155,510 6219162.97
Ol Spill on Water WEIR_1 47 320) 154927 621905279 1928546.6¢
Plastic/Particle Transport
Water Qualiy WEIR_1 47 320 1543m 621894261 1928444 8
Urban Drainage EPA-SW WEIR_1 47 3200 153761 621883243 1928343.0¢
&) Components
Rainfall/Evaporation WEIR_1 47 320 153178 621872224 19282413
Cuiverts WEIR_1 47 320 152595 6218612.06 19281395°
Bridge Piers
Open Boundasy Condiior WEIR_1 47 320| 152011 6218501.88 1928037.7:
e= and Sinks WEIR_1 47 320 151140 6218337.23 1927885.6:
errs
Itemal Rating Tables WEIR_1 47 320) 150932 6218248.20 1927764.8¢
;Vn:: WEIR_1 47 320( 150725 6218159.17 1927644.1;
es
Gates WEIR_1 47 320 150517 621807013 1927523 4¢
Infitration WEIR_1 47 320 150310 621798110 1927402.7:
Dam Breach
Bidge Scour WEIR_1 47 320|  150.058 6217873.24 1927256.4¢
MDDG'" Breach New WEIR_1 47 320  150.166 6217809.37 1927120.7¢
= ut
Graphic Output Options WEIR_1 47 320 150273 6217745.50 1926985.0¢
Profile Output WEIR_1 47 320) 150381 6217681.63 1926849.3°
Cross Section Output
Observation Points
OpenAlFies = Save Al Fles | | Run Riverlow2D Ext @ 1w hvdronia com About Hydronia RiverFow2D

Weirs component data panel.

2. Leave all other parameters at their default values.
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3. Click on the Run RiverFlow2D button in the lower section of Hydronia Data Input Program.
A window will appear indicating that the model began to run. The window also informs the
simulation time, the volume conservation error, the total input and output discharge and other
parameters as the execution progresses (Figure 4.12).

= RiverFlow2D Plus (Build: Jan 11 2023) = o X

Simulation Status

92.45 Topography (ft) 150.91 | 0.00 Water Depth (ft) 25.34

RiverFlow2D output graphics.

4.6 Review the output files

RiverFlow2D creates an output file with the name of the project and extension *WEIRI’ for metric
units and “.WEIRE’ for English units. The files report results for each weir and for each output
interval. Output includes the following information:

« EDGE: The segments into which the weir is divided and is given by the length of the cells in
contact with the weir.

* N1y N2: The numbers that identify the cells that share the EDGE segment in the weir.
+ WSE1 y WSE2: The elevations of the water surface in the cells indicated by N1 and N2.
» D1y D2: The depths of the flow in the cells indicated by N1 and N2.

« Distance: The length of the EDGE segment.

* Q: The discharge that passes through the EDGE segment.

The *WEIRE’ file contains the following:



31 4. Simulating levees using weirs

RiverFlow2D
Build Jan 11 2023

TWO-DIMENSIONAL FINITE VOLUME RIVER DYNAMICS MODEL
(R) TRADEMARK 2009-2022 Hydronia, LLC.
ALL RIGHTS RESERVED
RUN DATE: ©7/Mar/2023

WEIR RESULTS IN ENGLISH UNITS

TIME: 0000 days,@@ hours,0@ min.,36 secs.

WEIR NO.: 1 WEIR ID: WEIR_1
EDGE N1 N2 WSE1 WSE2 D1 D2 Distance Q
(ft) (ft) (ft) (ft) (ft) (ft3/s)
1 3527 3526 126.54 125.57 0.00 0.00 150.00 0.00
2 1924 826 126.21 121.34 0.00 0.00 150.00 0.00
3 1602 2300 122.37 125.74 0.00 0.00 150.00 0.00
4 1550 1920 124.08 124.55 0.00 0.00 150.00 0.00
5 2082 2022 122.46 123.21 0.00 0.00 150.00 0.00
6 1408 390 122.98 123.34 0.00 0.00 150.00 0.00
7 218 1467 122.39 121.30 0.00 0.00 112.08 0.00
8 1852 233 120.44 121.03 0.00 0.00 112.08 0.00
9 1612 17e1 118.89 119.54 0.00 0.00 150.00 0.00
10 2673 612 116.88 121.21 0.00 0.00 150.00 0.00
11 2655 663 116.30 119.45 0.00 0.00 150.00 0.00
12 497 1205 118.31 116.70 0.00 0.00 150.00 0.00
35 124 3528 126.02 125.67 0.00 0.00 150.00 0.00
36 2942 1828 125.44 125.13 0.00 0.00 77.15 0.00
37 2713 3058 126.08 125.39 0.00 0.00 77.15 0.00
38 3529 146 125.90 124.67 0.00 0.00 150.00 0.00
39 1657 1291 124.16 123.69 0.00 0.00 150.00 0.00
40 24 703 129.60 122.82 0.00 0.00 150.00 0.00
41 2409 513 122.99 122.74 0.00 0.00 150.00 0.00
42 576 2019 123.54 125.30 0.00 0.00 150.00 0.00
43 1792 1336 123.59 124.66 0.00 0.00 135.26 0.00
44 366 38 123.66 122.73 0.00 0.00 135.26 0.00
45 2512 1213 124.92 122.49 0.00 0.00 150.00 0.00
46 79 770 118.60 123.20 0.00 0.00 150.00 0.00
47 2377 1952 122.27 120.39 0.00 0.00 150.00 0.00
48 1032 2403 121.93 120.42 0.00 0.00 150.00 0.00
49 2701 2392 124.20 121.53 0.00 0.00 150.00 0.00
50 182 636 132.78 131.33 0.00 0.00 150.00 0.00
51 714 328 129.90 130.42 0.00 0.00 150.00 0.00
52 2389 1618 129.03 125.76 0.00 0.00 86.95 0.00
53 2884 2666 130.49 125.35 0.00 0.00 86.95 0.00
Total discharge over weir Q = 0.000 m3/s

Figure 4.4 — Extract of the output file of the Weir1.

This concludes the Simulating Levees using Weirs Tutorial.
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This tutorial illustrates how to incorporate a bridge into an existing RiverFlow2D project using the
Bridge Component through the QGIS interface. The procedure involves the following steps:

1. Create the bridge geometry data.

2. Open an existing RiverFlow2D project.
3. Enter the bridge polyline.

4. Enter the bridge data.

5. Generate the mesh.

6. Export the files of RiverFlow2D.

7. Running the model.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘BridgesTutorial’ folder. This zip file is downloaded separately from your installation materials.

5.1 Create a bridge geometry file

Integrating bridges in RiverFlow2D requires preparing the bridge cross section geometry data prior
to running the model. With the QGIS interface you have the option of creating a simplified bridge
geometry from the terrain profile obtained from the digital elevation model, and then you can use
the Bridges panel in the Hydronia Data Input Program to perform the adjustments necessary to the
geometry generated by QGIS. This option is useful when the bridge is located on a natural section
of the river, and the geometry of the bridge is simple (Figure 5.1a). However, other cases may
involve more complex bridge geometries (Figure 5.1b), that require a more detailed preparation of
the bridge geometry file.

32
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3} Simple geometny b} Complex geometry

Figure 5.1 — Bridge geometries.

Figure 5.2 shows the front view of the bridge that you will to incorporate into the model for this tutorial.
The data is also in the file ‘BRIDGEGEOMETRY.DAT’ contained in the directory of this tutorial.

145,00

——HedElev

140.00

——Zlower
LowcChar

_ DeckElev
135.00

130,00

= 12500

Elevation (ft

12000

11500

110.00

106,00

100.00
000 200.00 400.00 600,00 800,00 1000.00 1200.00 1400.00 1600.00 1800.00
Station (ft)

Figure 5.2 — Front view of the bridge.

It represents the cross section of a bridge with only one central pier, although this is just for the
purpose of illustrating the Bridges component in this tutorial since the actual bridge in this location
has about 12 sets of piers. This geometry is represented in the RiverFlow2D model using the bridge
geometry file shown below, where the header row is presented only to describe the parameters, and
they should not be included in the actual data file:
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Create a bridge geometry file

34

NP | 22| X (Station) | BedElev Zlower |LowChord| DeckElev
0.000 142.000 142.000 142.000 142.000
96.684 125724 125724 138.000 142000
193.367 123.034 123.034 138.000 142.000
290.052 119.860 119.850 138.000 142 000
3B6.736 110.366 110.366 138.000 142000
483.420 109.004 109.004 138.000 142.000
5B80.103 107.578 107.578 138.000 142000
676.787 106.350 106.350 138.000 142000
750.000 106.298 106.298 138.000 142.000
750.000 106.298 106.298 106.298 142000
751.000 106.298 106.298 106.298 142.000
751.000 106.298 106.298 138.000 142 000
870.155 105.182 105.182 138.000 142000
966.839 106.772 106.772 138.000 142.000
1063.524 107.302 107.302 138.000 142000
1160.207 116.470 116.470 138.000 142000
1256.891 116.018 116.018 138.000 142 000
1353.575 116.094 116.054 138.000 142000
1450.259 119.608 119.608 138.000 142.000
1546.943 120924 120924 138.000 142 000
1643.627 124736 124736 138.000 142000
1740.311 142.000 142.000 142.000 142.000

Figure 5.3 — Data of the bridge geometry.

You may use the Bridges panel in Hydronia Data Input Program to create to some extent, or edit a
bridge geometry file (see Figure 5.4). The program lets you enter data in tabular form and view a
graph of the bridge geometry. You may also manipulate the graphical lines, which will make that the

tabular data be modified.
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Sediment Transport
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-0l Spill an Land
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-~ Graphic Output Options
Profie Output
Cross Section Output
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v
>

Open Al Files

Save All Files

Biidges
Open BRIDGES | | Bridge Name ‘ Bridge Geometry Flle S
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= e TR
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- %6339 106772 W72 |13% 142
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256891 16018 16018 [138 142 v

FRun Riverflow2D Bt @ v hydronia com About Hydronia RiverFlow2D

Figure 5.4 — Bridges panel.
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An alternative way to create the bridge geometry file is to use a spreadsheet. In the folder for this
tutorial there is a MS-Excel sheet (‘BridgesGeometryPlot.xIsx’) that allows editing and plotting bridge
geometry files.

5.2 Open an existing project

1.

On the Project menu click Open... to load the existing project: .

This project contains the layers of the domain contour, the Digital Elevation Model DEM of the
river bed in raster format, the polygons with the Manning’s n for the different land coverages,
an aerial image, and the boundary conditions. Inflow is located in the upper right segment,
and outflow in the lower left. The boundary conditions are a hydrograph with a peak discharge
of 220,000 ft3/s (cfs), and outflow condition is set to uniform flow. When you open the project
you will have an image of the project loaded in QGIS as shown in Figure 5.5.

QpridgeTutorial —Qgis

DwERRE O*LLPArPrR/BebU0OR H-E5-%-% CEMIME-=-9a-
R@V.ZmBB L/ ° < ot T et AQAR 28-9-<0 B
ey R 2

Bl Band 1 (Red)
Bl Band 2 (Green)
Bl Band 3 (Bluc)

Q Type to locate (Crbek) Coordinate 6226322,1924565 B Scale 1:14053 v |

Project screen loaded in QGIS.

5.3 Enter the bridge polyline in the Bridges layer

This step ensures that the mesh will conform to the bridge alignment, so that there will be nodes
generated along the bridge. In this case we will enter the bridge is a straight line approximately 1740
feet long as follows:

1.

Create a new Bridges layer: for this, go to the RiverFlow2D toolbar and left click on the New
Template Layer button

€
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In the plugin window we activate the Bridges checkBox, as shown in the Figure below.

€ Add Layer Template ? X
hydrobid
~Fo0d"

Add Template Layer to HidroBID Flood Project

Components Mesh

Manning N |:| Manning Nz

[ tnitial WSE Bridges

|:| MaximumErosionDepth D Gates

[] 1nfiltration [] culverts

|:| RainEvap |:| Weirs

] wind [] pamBreach
CrossSections |:| Source/Sink

[ Profiles [] observationPoints

[] 1nitial Concentrations

RiverFlow2D dialog to add new layer.

2. Edit the Bridges layer: In the layers panel we select the Bridges layer then in the digitalization

toolbar we left click on the Toggle Editing button %/ .

A pencil icon will appear in the Bridges layer that tells us that the layer is in edit mode:

3. Draw the line representing the bridge: (if necessary, turn off the DEM layer so that it does not
interfere with the identification of the bridge site in the aerial photograph).

8 pa

4. Using the Add Feature button of the digitalization toolbar | "2, draw the line indicating the
location of the bridge. In the case shown, to demarcate the line that indicates the location
of the bridge. It is only necessary to indicate two vertices (initial and final), then right-click to
finish the drawing.

We will have an image similar to the one shown in the following figure:
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Bridge drawing.

5. Enter the bridge data: After the bridge layout is finished, the window to input the attributes of
the bridge is immediately displayed, these are:

+ Bridge Name (ID): Bridge1
+ Size Element: 150 feet

+ Click on the [Import Geometry Bridge File] button to select the Bridge file: BRIDGEGE-
OMETRY.dat in the Data folder of this tutorial.

+ Elevation of the lower bridge deck (LOWCHORD): 138
+ Elevation of the bridge deck (DECKELEV): 142

The figure below shows the attributes window of the Bridges layer:

Bridges - Feature Attributes n

Bridge Name (ID) BRIDGE_1 |
Bridge Geometry File IBRIDGEGEOMEI'RY. DAT\ ‘ Import Geometry Bridge File‘
Cell Size (ft) 150 |
Elevation of the lower bridge deck (LOWCHORD) (ft) \138—\
Elevation of the bridge deck (DECKELEV) (ft) 142 |

DECKELEV

A LOWCHORD

\Check Fields\ OK | Cancel

Attribute dialog window of the Bridges layer.
6. After entering the values, click on the [Check Fields] button, then click the [OK] button.

7. Save the changes in the layer using the save button of the digitalization toolbar:

o
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and disable the editing mode of the layer with the Toggle Editing

4

5.4 Generate the mesh

The mesh is generated with using the RiverFlow2D emphGenerate TriMesh icon:

‘\

Check that the resulting mesh is perfectly aligned with the bridge as shown in Figure 5.9.

—
e

-
v

Figure 5.5 — Mesh aligned with bridge polyline.

5.5 Exporting files to RiverFlow2D

Now that you have generated the mesh, and you have the other layers with the necessary data
ready, you should export the files in the format required by RiverFlow2D.

1. Click on Export RiverFlow2D button:
€

In the export files dialog we need to make sure that the appropriate raster layer corresponding
to the Digital Elevation Model (DEM) is selected. The Project Name will already be set.

The dialog should look as follows:
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€1 Export to HBF ? X

hydrobid

~—flood"

Export Files to HydroBID Flood

DEM (Single Raster) DEM @

[] Get elevations from Multiple DEM Boundaries

Project Name %erFIowZDfQGIS\ExampleProjects\BridgeTutoriaIFinaI\BridgeTutoriaI

» Options

Cancel

Export RiverFlow2D tool.

2. Click on the [OK] button and the export process will begin.

Once finished, the Data Input Program will be loaded with the .DAT’ file of the specific example.

5.6 Running the Model

After exporting the files, the RiverFlow2D program is loaded with the project file of the ‘bridge.DAT’
example, and the Control Data panel is shown (Figure 5.11).

o Hydronia Data Input Program - C:\Users\PC\Doct low2D_Q pl jects\BridgeTutorial\BridgeTutorial - X
Control Data Control Data

£ Modules

i’e:'“‘e"“TT’a“s‘““ Time control data Modues Output options
olltant Transport Open DAT ~ o) —

Mud/Tailings Flow Simulation time (s.): 2 O Sedment Transport ) Of Spil on Land () Automatic close of model windows
0i Spillon Land Save DAT ‘ O Polutant Transpot O Oi Spill on Water - -
Oil Spll on Water Outputinterval rs.): 0.1 O Mud/Taiings Flow O Water Quaity @ Outout maimum i
Plastic/Particle Transport Ouputinterval g o O Plastic/Patticle Transpot @ None () Output hazard file
Water Qualty for components frs):  ———— ) Utban Drainage EPA-SWMM () Output rests for cross sections
iban(vanage ERASH () Output resuts for profiles

&> Components Components L L "
Rairfall/Evaporation Courant number (CFL): 1 () Rainfall/Evaporation (] Weirs [0 Output resuts at observation points
Cubverts () Hot statt () Bridge piers O Wind () Compte mass balance every
Bidge Piers U O Cuverts B Bidocs U output interval
Open Boundary Condtior — = - ‘
Sources and Sinks Computation control data s e colcuiation f) (00000 2
Weis O Dam Breach O infiraton G Sl g
Intemal Rating Tables _ Manningssnfactor. 1 O Sources/Sinks (O Bridge scour
Wind (O Manning's n variable with depth Multiple Sources batch run Initial conditions
Bridges Minimum depth for cry bed: -1
s S M Engl O

i Metric sh -

Inftrztion Model Selection e — O Read initial water elevs. from FED fie
Dam Breach = -
Bridge Scour O Riverflow2D GPU DIP Language:  English v ) Horizontal water surface elevation
Dam Breach New © Riverflow2D CPU Parallel computation °

=) Output

’ Number of cores

Graphic Output Options Data file origin: QGIS
Profile Output 24 v
Cross Section Output
Observation Points

Open Al Files Save All Files

Run RiverFlow2D

Exit @ wwwhydronia com

About Hydronia RiverFlow2D

Figure 5.6 — Control Data panel.

Select the Bridges panel to review the contents of the bridge geometry file (Figure 5.12). Note how
the bridge profile was discretized every 150 feet according to the element size imposed to the bridge
line.
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43 Hydronia Data Input Program - C:\Users\PC\D low2D_QG! pl BridgeTutorial\BridgeTutorial - X
Control Data Bridges
£ Modules
- Sediment Transport
Pollutant Transport Open BRIDGES Bridge Geometry File
Mud/Taiings Flow -
0il Spill on Land Save BRIDGES = il BRIDGEGEOMETRY.DAT BRIDGEGEOMETRY.DAT
Oil Spill on Water
Plastic/Particle Transport Bed ft) Z Lower ft) | Z Upper ft) | Deck ft)
Water Quaity
Urban Drainage EPA-SW
Components 96.684 125724 125724 |13 142
Rainfall/Evaporation 193367 [123034  [12303  |138 142
Culverts
Bidge Piers 290.052 119.86 119.86 138 142
Open Boundary Contior 386.736 110366 110365 138 142
3;;:” adSas 13342 109004 109004  |138 192
Intemal Rating Tables 580.103 107578 (107578 138 142
Wind 676.787 106.35 106.35 138 142
Brid T
i 750 106298 (106298 138 142
Infitration 750 106298 (106298 106298 142
Dam Ereach 751 106298 (106298 106298  |142
Bridge Scour
Dam Breach New 751 106298 (106298  [138 142
= Output 870,155 105182 (105182 (138 142
Graphic Output Options
77
Prfle Outpue 96839 106772 106772 |138 142
Cross Section Output 1063524 (107302 [107302  [138 142
Observation Points 1160207 |116.47 11647 138 142
Open Al Files Save All Files Run RiverFlow2D Exit @ www hydronia com About Hydronia RiverFlow2D

Figure 5.7 — Bridges component data panel.

Leave all other parameters at
To run the model, click on the

their default values.
Run RiverFlow2D button in the lower section of Hydronia Data Input

Program. A window will appear indicating that the model run started. The window also reports
the simulation time, the volume conservation error, the total input and output discharge, and other
parameters as the execution progresses (Figure 5.13).

S RiverFlow2D Plus (Build: Jan 11 2023)

Simulation Status

@ L3 Msgs (21)

Cells read 2109
Mesh loaded

Found 5 inlet boundary walls with label 1

Found 13 outlet boundary walls with
Inlet boundary conditions ready
Outlet boundary conditions ready
Boundaries ready

RIDGES file format is deprecated.
Bridges file read

RiverFlow2D setup loaded

Dry initial conditions set

Bridges ready

Simulation setup ready

Info

Info Activated

Kernel compilation: Jan 11 2023
The number of threads is st
Simulation completed

Elapsed time (HH:MM:SS): 00:00:05

Progress

Once this process completes,

rial.bridgeh’ file:

- o X
92.00 Topography (ft) 163.60 0.00 Water Depth (ft) 33.55
T T

label

Please
Simulation
t (D H:M:S) At (s.) Volume Error (%) Q Inflow (ft3/s) Q Outflow (ft3/s)
0000 02:00:00 0.622937 0.000000e+000 220000.000000 219859.492255

= Total Inflow === Total Outfiow === Volume Error

250000
200000
150000
100000
50000
0

Discharge (t*3!s|

01:00:00

Time

Pause Close

Figure 5.8 — RiverFlow2D output graphics.

check the outputs in the scenario folder to review the ‘BridgeTuto-



41

5. Simulating bridges

RiverFlow2D
Build Jan 11 2023

TWO-

DIMENSIONAL FINITE VOLUME RIVER DYNAMICS MODEL
(R) TRADEMARK 2009-2022 Hydronia, LLC.
ALL RIGHTS RESERVED
RUN DATE: 07/Mar/2023

Hydrograph and levels evolution for bridges in cfs and ft, respectively, time in hours

Time

.000000
.001989
.010268
.020462
.030420
.040024
.850091
.060276
.070284
.880190
.090034
.100000
.110101
.120263
.130107
.140286
.150139

[CROROECNONORONGRORONCROROROR RSN

.920158
.930236
.940075
.950155
.960232
.970072
.980150
.990228
.000000

NR R RR R R

BRIDGE_1

218207.
218237.
218251.
218203.
218241.
218260.
218271.
218251.
218237.

OO0 O®O®

.000

000

.000
.000
.000
.000

000

.000

000

.000
.000
.000
Q.
5577.
27184.
41709.
55059.

000
106
073
887
389

372
844
257
221
509
448
445
071
858

Figure 5.9 — Bridge hydrograph file ".bridgeh".

This concludes the Simulating bridges tutorial.



6 | Simulating culverts

This tutorial shows how to incorporate culverts in an existing RiverFlow2D project using the QGIS
interface. The problem consists of a natural channel crossed by a road embankment. A culvert
structure is to be used to connect the upstream and downstream parts of the channel divided by the
embankment as shown in the following figure:

)
:
i

d
e
o
W
£,
ot

Emanicren: |

3
LU

Figure 6.1 — Culvert scheme.

The water enters from upstream with a constant discharge of 1000 cfs, and outflows downstream
along the indicated section. The area is initially dry. The culvert has a circular cross section, and
other characteristics as summarized in the following Table (CulvertA). CulvertB data is provided in
case that you wanted to extend the tutorial adding a second culvert to the project.

42
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Parameter

Description

Culvert A

Number of
Culvert B identical
Nb barrels

Ke

Kp

Cp

Dc

Entrance
Loss Coef-
ficients
Manning’s
n
Coefficient
Inlet
Control
Coefficient
Inlet
Control
Coefficient
Inlet
Control
Coefficient
Inlet
Control
Coefficient
Inlet
Control
Coefficient
Diameter
(feet)

Inlet
Inverted
elevation
Outlet
Inverted
elevation

0.5

0.014

0.3

1.28

0.67

-0.5

-9999

-9999

0.7

0.015

0.4

1.1

0.69

-0.5

-9999

-9999

The procedure to integrate this culvert into a RiverFlow2D simulation involves the following steps:

1.

2.

Open an existing RiverFlow2D project.

Add a Culvert component layer.

Draw the line of culvert alignment.

Input the data or attributes for the culvert.

Export the files to the RiverFlow2D program.

Running the model.

Review culvert output files.
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The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘CulvertTutorial’ folder. This zip file is downloaded separately from your installation materials.

6.1 Open an existing project
1. Open QGIS.

2. On the Project menu click Open... and browse to the existing project: .

This project contains the following layers: Domain Outline, Digital Elevation Model (DEM) in raster
format, polygon with the Manning’s n coefficient, and the boundary condition polygons. The inflow
is located in the upper left, and the outflow in the lower left. The boundary conditions corresponds
to a constant discharge of 1000 ft3/s, and outflow conditions is set to free. Figure 6.2 shows the
opened project.

Q

TIRERRY QeLLAPS LUOR QEFTE-=-§
B@V./ZRBER "y n= QGeR ~v-a B

ANZGEL T BRE-B A he ks

ag

v s
V2V OUTPUT_CONTROL
v OUTPUT RESULTS
v ¥ DEM

S5OBAENCENS

Figure 6.2 — Example of the tutorial loaded in QGIS.

6.2 Create Culverts layer and draw the culvert

1. To create the Culverts layer, in the RiverFlow2D toolbar click on the New Template Layer icon

2. In the window select the Culverts checkBox, as shown:
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€ Add Layer Template ? X
hydrobid
~—lo00"

Add Template Layer to HidroBID Flood Project

Components Mesh

|:| Manning N |:| Manning Nz

[ Initial WSE [] Bridges

|:| MaximumErosionDepth |:| Gates

|:| Infiltration Culverts

[] RainEvap [] weirs

1 wind [[] pamBreach

|:| CrossSections |:| Source/Sink

] profiles [[] observationpoints

[] 1nitial Concentrations

Plugin to add a New Template Layer.

. Edit the Culverts layer: In the layers panel select the Culverts layer and in the digitalization

toolbar click on the Toggle Editing button

/4

A pencil icon will appear in the Culverts layer indicating that the layer is in edit mode:

4 [ [l COMPONENTS

. Draw the line representing the culvert alignment: Using the tool Add Feature from the digital-

ization toolbar

draw the line that represents the culvert. It is only necessary to indicate two vertices.

. Right-click to finish drawing. You should get an image similar to the one shown in the following

Figure:
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g
pupiuﬂﬂ‘#"

fra Ea AN EF R W EEF

Culvert alignment.

6. Enter the culvert data: After the culvert drawing is finished, the window to input the culvert
attributes immediately appears. The dialog window has 2 tabs, in the General tab you enter
the basic data for circular and box culverts:

+ Culvert Name (ID): CULVERT_1,
+ Type of culvert: Type 3 (Circular culvert)

» The rest of the parameters are coefficients that needed to compute the culvert discharge.
To help with the introduction of these parameters, the window presents a list with default
values for different types of culverts. If one of the values of the list parameters is not
appropriate, you can choose the option where the value is defined by the user (user
defined). The window of the culvert parameters should be similar to the one shown in the
Figure below:

(X Culverts - Feature Attributes (m} X

General ‘ Rating Curve ‘

Culvert Name (ID) CULVERT_1 \

Type of Culvert 03.Circular Culvert. Using only inlet and outlet cells for volume exchange. BCTyp¢ ¥ \

Rating Curve File NULL | Import Rating Curve File |

Box Culvert Barrel Width (Base) (ft) [NULL | Box Culvert Barrel Height (Hb) (ft) [NULL |

Circular Culvert Diameter (Dc) (ft) \3 \

Number of identical barrels (Nb) '1 |

Entrance Loss Coefficient (Ke) (0.5 (concrete pibe. v | \ 0.5\

Manning's n Coefficient (nc) (0.015 (concrete. br v | \0.015 \

\Concrete, Circular, Headwall;square edge: 0.3153 2.000 1.2804 0.6700 v ‘

Inlet Control Coefficient (KP) 0.3153 | Inlet Control Coefficient (Cp) 2.000

Inlet Control Coefficient (M) |1.2804 | Inlet Control Coefficient (Y) 0.6700 |

Inlet form coefficient (m) |-0.5 v ‘

Invert Elevations

Tnlet (Z1) (ft) -9999 | Outlet (22) (ft) |-9999) | Use element elevations|
OK Cancel‘

Window to input Culvert parameters.



47

6. Simulating culverts

7. After inputting the values, click on the OK button.

8. Save the changes in the layer using the Save button of the digitalization toolbar

&

9. Disable the editing mode of the layer with the Toggle Editing button

/4

6.3 Generate the mesh

The mesh is generated with the Generate Trimesh tool

@

the results obtained as shown in Figure 6.6.
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Figure 6.3 — Final mesh.

6.4 Exporting files to RiverFlow2D

Now that you have generated the mesh and you have the other layers ready with the necessary
data, you should export the files in the format required by RiverFlow2D.

1. Click the Export RiverFlow2D button

€
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2. The raster layer that contains the Digital Elevation Model (DEM) and the name of the scenario
should already be set.

A window will appear as shown in (Figure 6.7).

% Export to HBF ? X

hydrobid

~—Flood"

Export Files to HydroBID Flood

DEM (Single Raster) DEM ©

[] Get elevations from Multiple DEM Boundaries

Project Name LarFIowZD_QGIS\ExampIeProjects\CuIverTutoriaIFinaI\CuIvertTutoriaI‘

» Options

Cancel

Figure 6.4 — Plugin window to export the files.

Once done reviewing, click on the [OK] button and the export process will begin. Once finished
processing, the RiverFlow2D program will be loaded with the ‘CulverTutorial.DAT’ file.

6.5 Running the model

After exporting the files, the RiverFlow2D program is loaded with the project file from the ‘Culvert-
Tutorial. DAT’ example and shows the Control Data panel to it as illustrated in Figure 6.8.

o Hydronia Data Input Program - C:\Users\PC\Doc RiverFlow2D_Q pleProjects\CulverTutorial\CulverTutorial = X
Control Data Control Data

&) Modules

?eﬁllmeﬂt TTmnspon Time control data Modules Output options

ollutant Transport Open DAT %) ) 0
Mud/Taiings Flow Simulation time frs ). 2 IJ) iel‘:"“e”‘:'a"““" ,C—\ g'; Z"':: en Lv’;"" [0) Automatic close of model windows
Oil Spill on Land Save DAT J Polutant Trenapot ) Ol Sl on Water Outout i
Oi Spillon Water Output interval frs): 0.1 © Mud/Taiings Flow () Water Qualty ! D
Plastic/Patticle Transporl Outputinterval o o0 O Plastic/Particle Transpot @ None O Output hazard fie
Water Qualty for components thrs): () Urban Drainage EPASWMM (0) Output resutts for cross sections
Urban Drainage EPA-SW - -

& Components v f:J Output resits for profiles
Rairfal/Evaporation Courant number (CFL): = 1 (O Rainfall/Evaporation () Weirs () Output resuts at observation points
Cubverts O Hotatot () Bridge piers O Wind () Compute mass balance every
Brdge Piers - @ Cuvers O Bidges ' output interval
Open Boundary Condtior = 0O Gat Depth f ]

Sources and Sinks Computation control data (O Intemal rating tables ) Gates or amival 0000 [
Weirs ™ () Dam Breach O Infitration time calouiation ) L
Intemal Rating Tables Manning’s nfactor: 1 O Sources/Sinks (O Bridge scour
Wind (0 Manning’s n variable with depth Mutiple Sources batch run Initial conditions
Bridges Minimum depth for dry bed: -1
Gates — . © Drybed
Metric lis =
Infitration Model Selection o o O Readintial water elevs. from FED fie
Dam Breach
Bridge Scour O Riverflow2D GPU DIP Language:  English v O Horizontal water surface elevation
Dam Breach New © Riverflow2D CPU Parallel computation
=) Output N (2]
imber of cores:
Graphic Output Options Datafile origin: QGIS .
Profile Output 24 v
Cross Section Output
Observation Points

Open Al Files Save All Files

Run RiverFlow2D

Bit © www hydronia com

About Hydronia RiverFlow2D

Figure 6.5 — Control data panel.
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Note that the Culverts Component appears selected. On the left side of the Control Data panel, in
the list of components select Culverts to activate the Culverts panel. The contents of the culvert file

prepared by QGIS will be displayed (Figure 4.10).

< Hydronia Data Input Program - C:\Users\PC\Doc ts\RiverFlow2D_QGl:

p! jects\CulverTutorial\CulverTutorial

Control Data
=) Modules

Culverts

Sediment Transport

Pollutant Transport

Mud/Tailings Flow

0il Spill on Land

Oil Spill on Water

Plastic/Particle Transport

Water Qualty

Urban Drainage EPA-SW
&I~ Components

Rainfall/Evaporation

Culverts

Bridge Piers

Open Boundary Conditior

Sources and Sinks

Open CULVERTS Type Culvert File

Save CULVERTS

Weirs
Intemal Rating Tables
Wind Manning's n roughness coefficient (nc). nc
Bridges e
Gates user defined v 0015
Infitration Entrance loss coefficient (Ke):
Desn Broach user defined
Bridge Scour
Dam Breach New Culvert inlet control formula coefficients (K', M, c', Y):
=~ Output user defined
Graphic Output Options
Profile Output

m
Cross Section Output

Observation Points

CULVERT_1 circular CULVERT 1t 800285.452 307620.817

X1 Y1 X2

Invert elevations

O Use cell elev. ft)
Number of barrels: |1

Z1: 9999000 22 -9999.000
v Ke: 0500
K M ¢ Y
v| 0315 1280 | 2000 0670

Diameter (Dc) ft): 3.000

Open Al Fies | | Save AlFles = Run RiverFow2D Ext @ 1w hydronia com

About Hydronia RiverFlow2D

Figure 6.6 — Culverts component data panel.

Leave all other parameters at their default values.

To run the model, click on the Run RiverFlow2D button in the lower section of Hydronia Data Input
Program. A window will appear indicating that the model began to run. The window also reports the
simulation time, volume conservation error, total input and output discharge, and other parameters

as the execution progresses (Figure 6.10).
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& RiverFlow2D Plus (Build: Jan 11 2023) - m) X

Simulation Status

149.73 Topography (ft) 186.27 0.00 Water Depth (ft) 16.72
L3 Msgs (21) —— — | O —
L2 Msgs
B L1 Msgs (14)

Nodes read 959

Cells read 1798

Mesh loaded

Found 6 inlet boundary walls with label 1
Found 16 outlet boundary walls with label :
Inlet boundary conditions ready

Outlet boundary conditions ready
Boundaries ready

CULVERTS file format is deprecated. Pleas
Culverts files read

RiverFlow2D setup loaded

Dry initial conditions set

Culverts ready

Simulation setup ready

Info Simulation
B Info Activated t (D H:M:S) At (s.) Volume Error (%) Q Inflow (ft2/s) Q Outflow (ft¥/s)
Kernel compilation: Jan 11 2023 0000 02:00:00 0.924585 0.000000e+000 1000.000000 0.000000

The number of threads is set to 24
Simulation completed

=== Total Inflow === Total Outflow === Volume Error Culvert Flow
Elapsed time (HH:MM:SS): 00:00:03
s 3
2 *
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00
00:10:00 00:30:00 00:50:00 01:10:00 01:30:00 01:50:00
Time
Progress P
|

EEERREERRERRERRRERREREERNERREEREEREERNRRREERNARNENRRRNNRNENEN] ause s

Figure 6.7 — Runtime graphics.

6.6 Review culvert output file

For each culvert, RiverFlow2D creates an output file called: ‘CULVERT_culvertID.out’, where ‘cul-
vertID’ is the name (ID) entered when we created the culverts. Output includes the series of dis-
charge versus time through the culvert and the elevations of the water surface at the inflow and
outflow locations. For this tutorial, you will find a file called ‘CULVERT_CULVERT_1.out’, whose
content is shown in the following figure:
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RiverFlow2D
Build Jan 11 2023

TWO-DIMENSIONAL FINITE VOLUME RIVER DYNAMICS MODEL
(R) TRADEMARK 2009-2022 Hydronia, LLC.
ALL RIGHTS RESERVED
RUN DATE: ©8/Mar/2023

Results for Culvert no.: 1 Culvert ID: CULVERT_1
Time Qc WSEL1 WSEL2
hrs. ft3/s ft. ft.

0.01060 ©0.000 152.786 154.958

0.02021 ©0.000 152.786 154.958

0.03074 ©0.000 152.786 154.958

0.04055 ©0.000 152.786 154.958

0.05035 ©0.000 152.786 154.958

0.06039 ©.000 152.786 154.958

9.07043 ©.000 152.786 154.958

0.08015 ©.000 152.786 154.958

0.09003 ©0.000 152.786 154.958

0.10000 ©0.000 152.786 154.958

0.11024 ©.000 152.786 154.958

0.12035 ©.000 152.786 154.958

0.13015 ©.000 152.786 154.958

.88018 91.611  166.127 155.720
.89001 91.726  166.154 155.721
.90000 91.848  166.183 155.723
.91009 91.980  166.214 155.724
.92017  92.115  166.246 155.725
.93025 92.236  166.275 155.726
.94004  92.436  166.301 155.706
.95011  92.426  166.323 155.731
.96016  92.466  166.344 155.743
97021  92.560  166.366 155.743
08025  92.662  166.390 155.743
99000 92.770  166.416 155.745
00000 92.901  166.448 155.746

NRRRERRRRERRRBRRRERR.

Figure 6.8 — Culvert1 output file.

This concludes the Simulating culverts tutorial.
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This tutorial illustrates how to incorporate dam breach simulation into an existing RiverFlow2D
project using the QGIS interface. The exercise consists of modeling the a dam break flood. The
dam is approximately 1575 feet long, the breach center is 550 feet from the right margin of the dam,
the opening of the breach has the final dimensions shown in the following Figure, a top width of 160
feet, and at the bottom width of 100 feet, the final breach height is 30 feet.

| 1575 |

Figure 7.1 — Final dimensions of the dam breach.

For this exercise, a file with the time evolution of the breaching dimensions is required, this file can
be prepared before setting the model or it can be created when entering the input the parameters.
The procedure to model the dam break involves the following steps:

1. Open an existing RiverFlow2D project.

2. Create a DamBreach layer and to draw a line that represent the transverse axis of the dam.
3. Generate the mesh.

4. Run the model.

5. Review the output files.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under the
‘DamBreachTutorial’ folder. This zip file is downloaded separately from your installation materials.

52
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7.1 Open an existing project
1. Open QGIS
2. On the Project menu click Open... and browse to the existing project: .
This project contains the Domain Outline layer, the digital elevation model DEM of in raster format,

outflow conditions are set to free outflow in the lower left, and an initial condition of water surface
elevation behind the dam. Figure 7.2 shows the project in QGIS.

@ DamBreach — Qgis.
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh HCMGIS Processing Help
DEERRX UeLLNPPIHLLRSE LUOCR QEFIE-=-P0-
aQV./AmBB 1~/ 2 - @ b T Sl e Qe ~v-< B
H-8--5% 2 MR RV O T N b Aichd < M - W= = MY
v an
=
]
%
/4
9 .- vggoummcomm
v  OUTPUT RESULTS
@ vwoem
L]
@
"

Figure 7.2 — Project loaded in QGIS.

7.2 Create the DamBreach layer and draw the line that
defines the dam

Creating the dam involves the following steps:

1. Create the template for the DamBreach layer: in the RiverFlow2D toolbar click on the New
Template Layer button

€@

2. In the dialog select DamBreach, as shown in the figure below:
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€ Add Layer Template ? X
hydrobid
~—lo00"

Add Template Layer to HidroBID Flood Project

Components Mesh

|:| Manning N |:| Manning Nz

[ Initial WSE [] Bridges

|:| MaximumErosionDepth |:| Gates

|:| Infiltration |:| Culverts

[] RainEvap [] weirs

1 wind DamBreach

|:| CrossSections |:| Source/Sink

] profiles [[] observationpoints

[] 1nitial Concentrations

Dialog to add a new layers.
3. Edit the DamBreach layer: In the layers panel, select the DamBreach layer.
4. In the digitalization toolbar we click on the Toggle Editting button

/4

A pencil icon will appear in the DamBreach layer, indicating that the layer is in edit mode:

4 [ [l coMPONENTS

5. Draw the line that defines the axis of the dam: Using the Add Feature tool of the digitalization
toolbar

1 pa
-]

6. Draw the line that defines the dam axis. Keep in mind that the breach centroid is measured
from the first vertex of the dam line. In this example it occurs 550 feet from the left margin
of the dam (Figure 7.1). The dam axis is drawn from the top of the channel (point v0) to the
bottom (point v1) along one side of the polygon that defines the initial water surface elevation,
as illustrated in the image below.
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Dam axis.

7. Once finished drawing the dam axis, the window to input the parameters of the DamBreach
appears.

8. Input the information as seen below in the figure and click the Check Fields button:

DamBreach - Feature Attributes n

General | Temporal evolution

Dam breach ID : [DAMBREACH_L J

Failure type: ll.Pre';cribed dam breach v ]

Length to breach center (ft): [55{] ] Cell Size (ft) [25 ]

Breach z crest (ft): Breach angle (5<angle<=85) : [45 ] Breach Cd. : [0.6 ]

Breach start time (hr) : |[NULL Initial elev. of breach bottom (ft) [NULL

D50 (ft) [NULL | Critical shear stress (Ibfin2) [NULL |

Submergence correction : [NULL Erosion coef. (ft2 s/Ib) [NULL

Specific gravity : [NULL | Porosity - L |
Dam mat. cohesion (Ib/in2) |NULL Dam crest width (ft) |[NULL
Up s sope (01 Do s e (01

ok | conel |

Dialog to input the dam breach parameters.

9. Click the Temporal evolution tab and click on the Import Dam Breach File button. Select the
‘DAMBREACH _1.txt’ file in the scenario folder. Click OK to close.

10. The temporal evolution of the ‘DAMBREACH_1.TXT file is shown in the Temporal evolution
tab below:



7.3 Generate the mesh

General Temporal evolution |

Dam Breach File IDAMBREACH_I.txt ] l Import Dam Breach File
Time(hr) Width(f) | Height(ft)
10 0 0
; 0.5 7 3
; 1.0 20 5
: 15 45 12
; 2.0 100 30
; 3 100 30
7

Evolution of the breach of the dam.

Dam axis.

7.3 Generate the mesh

The mesh is generated using the Generate TriMesh tool

@

Figure 7.8 shows the resulting mesh of almost 11,000 cells
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Figure 7.3 — The resulting dam breach mesh. Detail show mesh along the dam axis.

7.4 Exporting files to RiverFlow2D

1. Click on the Export RiverFlow2D button.

€

2. Select the raster layer that contains the Digital Elevation Model (DEM) and the name of the

project.

e_q" Export to HBF ? X

y ~—
flood
Export Files to HydroBID Flood

DEM (Single Raster) DEM ©

|:| Get elevations from Multiple DEM Boundaries

Project Name FIowZDfQGIS\ExampIeProjects\DamBreachTutoriaIFinaI\DamBreach

» Options

Cancel

Export dialog.

3. Once finished, click on the OK button and the export process will begin. Once it is finished,
RiverFlow2D will be loaded with the ‘base.DAT file.
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7.5 Running the model

After exporting the files, Hydronia Data Input Program is loaded with the project file of the ‘base.DAT’
example and shows the Control Data panel as illustrated in Figure 7.10.

Cortrol Data

Modules

Sediment Transport
Pollutant Transport
Mud/Tailings Flow

Gil Spill on Land

Gil Spill on Water
Plastic/Particle Transpor
Water Quality

Urban Drainage EPA-SW
Componerts
Rainfall/Evaporation
Culverts

Bridge Piers

Open Boundary Conditior
Sources and Sinks
Weirs

Intemal Rating Tables
Wind

Bridges

Gates

Infiltration

Dam Breach

Bridge Scour

Dam Breach New
Output

Graphic Qutput Options
Profile Output

Cross Section Output
Observation Points

Control Data
— Time control data Moduies Output options
pen
Simulation time frs): 4 © Sedment Transport O O Spilon Land [0 Automatic close of model windows
Save DAT O Polutant Transport () Oil Spill on Water

Output interval fhrs.): 0.1 () Mud/Taiings Flow () Water Qualiy

() Plastic/Patticle Transpot &) MNone
[ Uban Drainage EPA-SWMM

Outputinterval oo
for components hrs}:

Components
Courant number (CFL): 1 () Rainfall/Evaporation (] Weirs
[ Hot stat () Bidge piers O Wind
O Cuiverts (0 Bridges
Gat
T [ Intemal rating tables () Gates
8 Dam Breach () Infitration

Manning’s n factor: 1
() Manning’s n variable with depth
Minimum depth for dry bed: -1

() Sources/Sinks () Bridge scour
Multiple Sources batch un

Metiic Engiish
Mode! Selection
O Riverflow2D GPU DIP Language:  English v
© Riverflow2D CPU Parallel computation
Number of cores: (2]

Data file origin: QGIS
16 v

Initial conditions

8 Output maximum files

[0 Output hazard file

() Output resuits for cross sections
(] Output resuits for profiles

(] Output resuits at observation points

(] Cempute mass balance every
output interval

Depth for amval =
time calculation ft) 0.0000 &

O Drybed
© Read initial water elevs. from FEDfile

() Horizontal water suface elevation

Open All Files Save All Files

Run RiverFlow2D

Figure 7.4 — Hydronia Data Input Program.

- @ o hdronia com

About Hydronia RiverFlow2D

It can be seen that the Dam Breach component is selected as well as the initial condition that
indicates that the initial elevation of the water surface of the .FED’ file will be read. Selecting from
the list on the left panel the Dam Breach component will show the panel where you can see the
parameters of the dam breach as shown in the figure below:

Control Data

= Modules
Sediment Transport
Pollutant Transport
Mud/Tailings Flow
Oil Spill on Land
il Spill on Water
Plastic/Particle Transport
Water Qualty
Urban Drainage EPA-SW

- Components
Rainfall/Evaporation
Culverts
Bridge Piers
Open Boundary Condtior
Sources and Sinks
Weirs
Intemal Rating Tables
Wind
Bridges
Gates
Infiltration
Bridge Scour

= Output
Graphic Output Options
Profile Output
Cross Section Output
Observation Points
Tools

Open Al Files Save Al Files

Dam Bridge

Open .DAMBREACH

Save .DAMBREACH

Dam crest elevation
(ZCrest) )

14900 |2

Run RiverFlow2D

Failure Type | X0 YO

DAMBREACH_1 Presciibed | 6217237.03 1925299.10

Angle (breach side

slope angle) o
4500 |2 060 |5
Ea @ 1w hydronia com

Figure 7.5 — Dam Breach component.

1. Before running the model, set the simulation time to 4 hours.

2. Leave all other parameters at their default values.

DAMBREACH_11xt

R

1 20 20
15 50 45

About Hydronia RiverFlow2D
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3. To run the model, click on the Run RiverFlow2D button in the lower section of Hydronia Data
Input Program.

4. Save the changes with the same name as the ‘DamBreach.DAT file.

A window will appear indicating that the model has started running. The window that RiverFlow2D
presents while running the model shows simulation time information, volume conservation error, the
total input and output discharge as well as other parameters as execution progresses (Figure 7.12).

& RiverFlow2D Plus = o X
Simulation Status 77.40 Tor h
y pography (ft) 207.06 0.00 Water Depth (ft) 24.42
L3 M ) N - N L -
L2 M )
1)

Cells read 11077
Mesh loaded
Found 27 outlet boundary walls with label
Outlet boundary conditions ready
Boundaries ready

piping dambreach file read
ow2D setup loaded

igned from .FED file

I c s
Dambreach read

Simulation setup ready

Info Simulation
B Info Activated Volume Error (%) Q Inflow (ft2/s) Q Outflow (ft2/s)
Kernel compilation: Feb 12 2024 0.000000e+00 0.000000 9384.576429
The number of th
S on completad — Total Inflow === Total Outflow === Volume Error

Elapsed time (HH:MM:SS): 00:01:13

15000 j\ 6E11 2

10000 V- JET 5

5000 / ] e
0 -1E-1

00:00:00 01:00:00 02:00:00 03:00:00 04:00:00

Time

Discharge (1"3!s|

Progress
Pause Close

Figure 7.6 — RiverFlow2D output graphics.

7.6 Review the output files

RiverFlow2D output the dam breach hydrograph in a file with extension ‘.dambreachh’. Figure 7.13
shows a section of that file for this exercise.
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TWO-DIMENSIONAL FINITE VOLUME RIVER DYNAMICS MODEL
(T) TRADEMARK 2009-2022 Hydronia, LLC.

ALL RIGHTS RESERVED

RUN DATE: ©2/Jul/2024

[Q in cfs]

[z_b in ft]

[b in ft]

[B in ft]

[z_top in ft]

[type (1=User-given, 2=Erosive breach, 3=Piping flow)]

DAMBREACH_1
Time Q z_b

~+

<

o
']

.000
.000
10
.020
030
.040
850
.060
870
.080
890
.100
110
.120
130
.140
150
.160
170
.180
.190

COOOPTODOIOPDODOOODODTOOOO®O®®
COOOPTODOIOPDODOOODODTOOOO®O®®
NMNNNNNRPRPRRPRPPPPRPOOODODDDDOE®
ARDDWWWWNNNNRRERROODO®®
RRRRRRERRRBRRRERRBRRRERRBRRRRRR

Figure 7.7 — Extract of the 'DamBreach.dambreachh’ file

This concludes the Simulating dam breaches tutorial.




8 | Establishing initial water, mud, or
tailings elevations

Sometimes it is practical to use a raster layer to establish the initial condition of the water surface
elevation (Initial WSE). For instance, when modeling tailings dam breaks, it is often necessary to
define the initial surface of the tailings behind the dam.

This tutorial illustrates how to use a raster file that contains the initial elevations of the fluid contained
by a dam with the purpose of simulate a dam breach and determine the fluid runout after the dam
collapses.

The procedure of modeling a dam-breach using an initial condition of fluid surface elevation involves
the following steps:

1. Open an existing RiverFlow2D project.
2. Import a raster layer with the initial values of the water surface elevation (WSE).

3. Export the files to RiverFlow2D by setting the option to use the raster layer with the Initial WSE.

The files used in this tutorial can be found in the following directory:

‘Documents\Hydronia\RiverFlow2D\ExampleProjects\initalWSE_ RasterTutorial’

8.1 Open an existing RiverFlow2D project

Start QGIS and in the Project, use the Open... command to load the existing project: ‘Initial-
WSE_RasterTutorial.qgs’. The project corresponds to a model of a dam breach with an initial el-
evation of the fluid surface that is not horizontal but varies in space.

When you open the project you will have an image of the project loaded in QGIS as shown in the
Figure 8.1.
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@ *InitialWSE_RasterTutorial — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

T EERRY UrLLArPrl i RetlOR HN-E--% GE¥IBE -&-§
LLAY A N Y A NE AR AQQR 2 B
ARG T 9R-B-R-BEE
Layers > 7 o

Vi @a 3 1°) e
B v TriMesh /
B4 V' Domain Outiine .. A
9, MeshDensityLine = Y
2 | V' Boundary Conditions
/o |~ v 5 MESH_SPATIAL_DATA
W v ManningN
@ .|V 2 COMPONENTS
27 v - DamBreach
@ | v 2 oUTPUT CONTROL
@ | Vo oUTRUT RESULTS
@ DEM

- ANIMATION
v

Figure 8.1 — Project screen loaded in QGIS.

8.2 Importing the Initial WSE raster layer

The procedure to import the Initial WSE raster layer to the project includes the following steps:

1. Open the ASCII grid file representing the initial condition elevations clicking on on the Add

Raster Layer button L and selecting the ‘InitiaWSE_r.tif’ file.
2. Confirm the CRS 2229 projection that will be used for this layer

3. If necessary, move the new layer under the group MESH_SPATIAL_DATA. You should have
an image on the screen like the one shown below:

Q “InitialWSE_RasterTutorial — QGIS.
Prfct Ede Viw Ler Setings Plgns Vecr Rastr Databse 1eb Heh Procesing el
DEBRR QPALRPP R
BQV.ARE B
BONRG Y

o

rs
“asT 220

G-E-G N GEEIE-=
4 RE gapgy AQAR A
% Wy BR-BrE-hes

v 77,4009 - 92.2577
v W92.2577 - 1025091
1025091 - 110.9214.
1109214 - 119.4357
119.4357 - 127.5602
127.5602 - 135.5203

e

V 1135.5203 - 143.8210
v W143.8210 - 156.2212
v B156.2212 - 202.6221
V " Domain Outline
MeshDensityLine
~ V- Boundary Conditions

SEOBABNLBAS

* ANIMATION
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8. Establishing initial water, mud, or tailings elevations

Initial WSE raster layer.

The image shows the InitialWSE_r raster layer in grays gradient where there is a change in
the WSE ranging from 135.0 to 135.4 ft.

The window above has the Trimesh layer disabled for clarity. Re-enable it for the export pro-
cess in the next section.

8.3 Exporting files to RiverFlow2D

. Export the files in the format required by the RiverFlow2D using the Export to RiverFlow2D

plugin. When executing the plugin a window like the one shown in the Figure 8.3 is shown.

4 RiverFlow2D X

¢ RiverFlowzD

Export Files to RiverFlow2D

Project Directory E:/Tutorials/RF2D/inital WSE_RasterTutorial\base

Scenario Name base

DEM (Single Raster) DEM v
w Options

Using TriMesh Elevation (not resampling elevations)
Get elevations from Multiple DEM Boundaries
QGIS plugin will export Manning’s n data (normally slower than RiverFlow2D)
Using Manning N Raster Layer
Manning N Raster Layer InitiaWSE_r
V| Using Initial WSE Raster Layer
Initial WSE Raster Layer InitiaWSE_r v
Rewrite .DAT file

Use external routine to sample cell elevations

OK Cancel

Plugin window to export the files to RiverFlow2D.

As shown in the figure, click the Options arrow to display the group of options that appear
hidden by default.

2. Select the DEM raster in the DEM (Single Raster) drop down.

3. Check the box Using Initial WSE Raster Layer. Select the InitialWSE_r layer from the drop-

down list.

4. Click OK button and the export process will begin.

From this point on, You can refer to the Dam Breach tutorial to continue with the modeling of the
dam breach.



9 | Simulating bedload sediment trans-
port with limited erosion bed areas

In the Sediment Transport model you can define areas with a maximum erosion depth. This is useful
to represent pavements, rock outcrops or any surface that does not erode or that it has a known
erodible layer of sediment above it. This tutorial illustrates how to perform a sediment transport
simulation in which there is a non-erodible area using the QGIS interface. The procedure includes
the following steps:

1. Open an existing RiverFlow2D project.
2. Create a ‘MaximumErosionDepth’ layer and the polygons that define the limited erosion areas.
3. Generate the mesh.

4. Running the model.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under the
‘MaxErosionDepth’ folder. This zip file is downloaded separately from your installation materials.

9.1 Open an existing project
1. Open QGIS

2. In the main menu go to Project — Open... browse to the existing tutorial folder: .

This project contains the layers of the domain outline, of the digital elevation model DEM of the river
bed in raster format, the layer with the boundary conditions where inflow is located in the upper left
and outflow in the lower left. The boundary conditions are a hydrograph with a peak discharge of
6,500 ft*/s and outflow condition is set to free outflow. The MeshDensityLine layer is there to refine
the mesh in the mesh generation step. When you open the project you will have a project image
loaded in QGIS as shown in Figure 9.1.
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@ MaxErosionDepth — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DEERRY ULLRPPH 4L ERatlOR HN-E-0% QEHIE-&-P -
RQVILMBEB A/B. -k BT =00 =4 qE GEgay AQOR 29-9-<0 H
hshg - RAichg Al =R = = O™ -]

Layers
FawwsvBR0
v [_] Domain Outline
v — MeshDensityLine

V[ ] Boundary Conditions
A ._m MESH_SPATIAL_DATA

V' [ COMPONENTS

~| W/ ouTPUT_CONTROL
v (1 OUTPUT_RESULTS
v ¥ DEM

SODSBENBAS

Figure 9.1 — Project screen loaded in QGIS.

9.2 Add MaximumErosionDepth layer and draw the
polygon that defines the area of limited erosion

Defining the limited erosion areas involves the following steps:

1. Create the template for the MaximumErosionDepth layer: In the RiverFlow2D toolbar click on
the New Template Layer button

&

2. Activate the checkbox MaximumErosionDepth, as shown in the Figure below:
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erosion 66
€ Add Layer Template ? X
hydrobid
~—Flood"

Add Template Layer to HidroBID Flood Project

Components Mesh

Manning N [] Manning Nz
[ 1nitial WSE [ Bridges
MaximumErosionDepth [ Gates
[ 1nfiltration [ culverts
[ RainEvap 1 weirs
] wind [] pamBreach
[] crosssections [ source/sink
[ profiles [[] observationPoints

[ 1nitial Concentrations

Plugin to add a New Template Layer.

3. Edit the MaximumErosionDepth layer: In the layers panel, select the MaximumErosionDepth
layer and in the digitalization toolbar click on the Toggle editing button

J

A pencil icon will appear in the MaximumErosionDepth layer, indicating that the layer is in edit
mode:

(il MESH_SPATIAL_DATA
] Manning N
MaximumErosionDepth |

4. Draw the polygon of the limited erosion area: Using the Add Feature tool:

ap

Draw the polygon that defines the area of limited erosion. The polygon should cover all the
cells that will have limiting erosion. In this tutorial we will assume that an area on the river has
the maximum erosion depth limited to 0.1 feet, at the end you should have an image similar
to the one shown in the following figure:
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Polygon of the area with limited erosion.

Once you finish drawing the polygon, the window to input the area parameters immediately
appears. Input a maximum depth of erosion of 0.1 feet, as shown below:

MaximumErosionDepth - Feature Attributes [ = |

MaxErosionDepth [g,1 |

[ o [[ con |

Window for input the polygon parameters of MaximumErosionDepth layer.

5. Click on the OK button to save the parameters.

6. Save the changes to the layer by clicking on the Save E button of the digitalization toolbar.

7. Exit the editing mode by clicking on the Toggle editing ﬁ button of the digitalization toolbar.
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9.3 Generate the mesh

Generate the mesh using the Generate TriMesh button

The results obtained as shown in Figure 9.5 (mesh of close to 15,000 cells).

s

KO

LA

Figure 9.2 — The mesh generated.
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9.4 Exporting files to RiverFlow2D

Now that you have generated the mesh and you have the other layers with the necessary data,
export the files in the format required by RiverFlow2D.

1. Click on the Export RiverFlow2D button
€
2. When run the plugin a window is displayed, select the raster layer that contains the Digital

Elevation Model (DEM) and the name of the project to be exported. Input the name without
any extension. For this example it will be: ‘MaxErosion’.

3. Before running the plugin activate the layer with the DEM (if it is deactivated).

Once the plugin is executed, a window will be shown (Figure 9.6), as it should be for our

example.
@_/1 Export to HBF ? X
y \/\/_\\
flood
Export Files to HydroBID Flood
DEM (Single Raster) DEM
|:| Get elevations from Multiple DEM Boundaries
Project Name MZDfQGIS\ExampIeProjects\MaxErosionDepthFinaI\MaxErosion.dat
» Options

Plugin window to export the files to RiverFlow2D.

4. Once finished inputting the information, click on the OK button and the export process will
begin.

Once itis finished, RiverFlow2D will be loaded with the ‘MaxErosion.DAT file of the specific example.

9.5 Running the model

After exporting the files, RiverFlow2D is loaded with the project file of the ‘MaxErosion.DAT’ example
and shows the Control Data panel to it as illustrated in Figure 9.7
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o Hydronia Data Input Program - C:\Users\PC\Doct RiverFlow2D_QGl p j P -
Control Data Control Data
£ Modules
Sl Time control data Modules Output options
ollutant Transport Open DAT A
Mud/Taiings Flow Simulation time fvs): 2 © Sedment Transport ) Of Spilon Land () Automatic close of model windows
Ol Spill on Land Save DAT O Polutant Transport - O Ol Spil on Water orn .
Ol Spill on Water Output interval frs): 0.1 O Mud/Taiings Flow O Water Qualty JJerrmmiis
Plastic/Particle Transpor Outputinterval g 9 O Plastic/Patticle Transpott () None f:l Output hazard file
‘g:er g:lny . for components fvs):  ——— () Urban Drainage EPA-SWMM () Output resuts for cross sections
an Drainage EPA-
= Components Components EI Output results for profiles
Rainfall/Evaporation Courant number (CFL): ~ 1 (O Rainfall/Evaporation () Weirs () Output results at observation points
et O Hat stat (O Brdge piers O Wind () Compute mass balance every
ge Plers 0 O Brid  output interval
Open Boundary Condtior O Culverts () Bridges
0 Depth for amval
Sources and Sinks Computation control data O Intemal rating tables () Gates 00000
= time calculati o
Vieis O Dam Breach ) Infitrtion G
Intemal Rating Tables Naings ofecocihl O Sources/Sinks O Bridge scour
‘;ﬂﬁgd () Manring’s n variable with depth Multiple Sources batch run Initial conditions
. Minimum depth for diy bed: -
Gates dy L - > © Drybed
Mets lish —
Infitration Model Selection —— o O Read nitial water elevs. from FED file
Dam Breach
Bridge Scour O Riverflow2D GPU DIP Language:  English (O Horizontal water surface elevation
Dam Breach New © Riverflow2D CPU Parallel computation
= Output Number of o
Graphic Output Options Data file origin: QGIS umber of cores
Profile Output 24 v
Cross Section Output
Observation Points
Open All Files Save All Files Run RiverFlow2D Exit @ wwwhydronia com About Hydronia RiverFlow2D

Figure 9.3 — Control data panel.

Note that the sediment transport module appears selected and displays a message warning that the

file with the sediment information must be created. The procedure includes the following steps:

1. To create the .SEDB'’ file with the parameters to calculate sediment transport: in the Modules
list select Sediment Transport.

2. Enter the parameters for transport in suspension and bed load transport, for this example the
Sediment Transport Mode checkbox for Suspended Sediments is deactivated and Bed Load

Sediment is left active.

3. Add the sediment fractions to be considered: for this example add a single fraction with the
default values presented by the Hydronia Data Input Program, we will have an image similar
to the one shown in the following Figure:

4% Hydronia Data Input Program - E\'

Control Data Sediment Transport
& Modules
Sediment Transport
-
Polutant Transport Open SED" Fies Secment Teanaport Mode
Mud/Taiings Fow () Suspended Sedment @ Bed Load Sediment
Oil Spill on Land Save SED" Files
Oil Spill on Water
Plastic/Particle Transporl T Bed Load Sediment Transport
Water Qualty Equibrium Bed Fraction Evolution
Urban Drainage EPA-SW ConCe amion oo -
Settling Vel Sedment Load Fomula 18 Bed Fraction Evolution
=1 Components Bagnold < °°'|'Y Rubey .
Rainfall/Evaporation omula Mayer-Peter & Muller
Culverts Dispersion coefficients @ Coupled computation
Bridge Piers Longtudinal ft2/s) Transversal ft2/5)
Open Boundary Condtior
Sources and Sinks Variables Variables
Weirs
Intemal Rating Tables Densty (b/t3) Densty (b/t3)
e Intal Concentr. Diameter DSO ft)
Bridges
Gates Diameter i) Porosty
Infitration Porosty Shields Shear Stress
Bridge Scour
Shear Stres:
e Shields Shear Stress Friction Angle
5 Output Friction Angle Fraction
Graphic Output Options Equil. Formula Factor Factor
Profile Output
Cross Section Output Setting Velocity Factor
Observation Points
Tools Add Suspended Sediment Fraction  Remove Selected Fraction Add Bed Load Fraction Remove Selected Fraction
Open All Flles ~ Save Al Files Run RiverFlow2D Extt @ 1w hydronia com About Hydronia RiverFlow2D

RiverFlow2D Sediment Transport Module.

Leave all other parameters at their default values.
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4. Click the [Save SED* Files] button and leave the default name provided, click [Save].

5. To run the model, click on the Run RiverFlow2D button in the lower section of Hydronia Data
Input Program.

6. Click [Yes] when asked to save changes. By default it will prompt to overwrite the existing
‘base.DAT’, click [OK].

The window presented while running the model shows: simulation time, volume conservation error,
total discharge of the liquid flow in and out and in this case also shows the sediment load at the inlet
and outlet as well as other parameters as the execution progresses (Figure 10.6).

;‘ RiverFlow2D Plus Sediment Module (Build: Feb 12 2024) - o X

Simulation Status 44.91 Topography (ft) 57.97 0.00 Water Depth (ft) 14.18

€.
N,
‘_\.\

, )

1
g

Warnings

Discharge (ft*

| Pause | ‘ Close

Figure 9.4 — RiverFlow2D output graphics.

9.6 Check the output files

RiverFlow2D creates the following files for output time interval defined in the Control Data panel:
‘CELL_TIME_METRIC_DDDD_HH_MM_SS.TEXTOUT (Metric Units) or
‘CELL_TIME_ENG_DDDD_HH_MM_SS.TEXTOUT (English Units)

where DDDD indicates the date, HH, hour, MM minutes and SS seconds.

Column 6 reports the changes in the elevation of the river bed with respect to the initial elevation. We
can also visualize the changes in the elevation of the riverbed generating layers in vectorial format
map from the aforementioned files using the Maps of Results vs Time plugin in QGIS, specifically
the Delta Bed Elevations map:

€z
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In the following figure, the river elevation difference map for the end of the run. Atthe time 0000:02:00:00
it can be observed that the zone where the erosion was limited, does not present erosion, but de-
position:

(@ *MaxErosionDepth — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
N PR 3 ®ORDD H Q I - B =
DEARRY UPLLAPP R4 BatUOR K-E-i-5 QEMIBE -=-§

LLAYA 1R =4 = AQOR 29-9%2-c0 B
b et e -
Layers o8
Vo asws-ann
=
B v [_| Domain Outline
s, V — MeshDensityLine
V [_]Boundary Conditions
A 8 MESH_SPATIAL DATA
%) v [ | Manning N
Q- W MaximumErosionDepth
@ v ) COMPONENTS
v (8 ouTPUT_CONTROL
% ~ v @ outPuT RESULTS
B ~ V C DeltaBedElev 0000:02:00:00
Vo~ v Il -11.0983 - -9.3548

v 93548 - -76112
v M -76112 - 58677
v [l 58677 - -4.1241
/[ -41241 - -2.3806
v [l -2.3806 - -0.6370
v Ml-06370-1.1065
v [l 1.1065 - 2.8501
v ¥ DEM

Q Type to locate (Ctrk+K)

Figure 9.5 — Maps of elevation difference of the river bed between the initial time and at the end of the
run.

This concludes the Simulating bed load sediment transport tutorial.



10 | Simulating suspended sediment
transport with inflows of suspended
sediment concentrations

In the Sediment Transport model you can define inflows of suspended sediment concentrations.
This is useful to represent the spatial distribution of said sediments in the modeling domain. This
exercise illustrates how to configure and perform a suspended sediment transport simulation using
RiverFlow2D in which there is an inflow of suspended sediment concentrations using the QGIS
interface. The procedure includes the following steps:

1. Open an existing RiverFlow2D project.
2. Export the project to Hydronia Data Input Program.
3. Edit the parameters in the Hydronia Data Input Program.

4. Running the model.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under the
‘SuspendedSediments’ folder. This zip file is downloaded separately from your installation materials.

10.1 Open an existing project
1. Open QGIS
2. In the main menu go to Project — Open... browse to the existing exercise folder: .

This project comes with preconfigured layers: a domain outline with cells of 100m size, a the digital
elevation model DEM of the river bed in raster format, the layer with the boundary conditions where
inflow is located in the upper right and outflow in the lower left. The boundary conditions are a
hydrograph with a peak discharge of 220000 ft3/s and outflow condition is set to Uniform Flow
Condition. When you open the project you will have a project image loaded in QGIS as shown in
Figure 10.1.
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Figure 10.1 — Project screen loaded in QGIS.

10.2 Exporting files to RiverFlow2D

The project is already set up within QGIS, so we can export the files to RiverFlow2D.
1. Click on the Export RiverFlow2D button
€
2. When run the plugin a window is displayed, select the raster layer that contains the Digital
Elevation Model (DEM) and the name of the project to be exported.

3. Before running the plugin activate the layer with the DEM (if it is deactivated).

% RiverFlow2D X

hyorobid

~—flood

Export Files to HydroBID Flood

Project Directory E:/Tutorials/Courses/ST Course Exercise 2/SuspendedSediments\base
Project Name base
DEM (Single Raster) DEM v
P Options

OK Cancel

Plugin window to export the files to RiverFlow2D.

4. After entering all the required information, click [OK] to begin the export process.



750. Simulating suspended sediment transport with inflows of suspended sediment concentrations

Once the export process completes, RiverFlow2D will automatically load the project’s ‘base.DAT’

file.

10.3 Running the model

After exporting the files, RiverFlow2D loads the project file ‘base.DAT’ and displays the Control Data
panel as shown in Figure 10.3

| 4% Hydronia Data Input Program - EATutorials\Courses\ST Course Exercise 2\SuspendedSediments\base\base = X

Control Data Control Data

=) Modules
seﬁ:;"er;";m"m: ~rr Time control data Modules Output options
oltant Transpo pen DA )
Mud/Taiings Fow Simulation time (s ): 2 Sedment Transpot () Of Spil on Land ) Automatic close of model windows
Oil Spillon Land Save DAT ) Pollutant Transport Oil Spill on Water o -
Oil Spill on Water Output interval frs): 0.1 ) Mud/Tailings Flow Water Qualty D
Plastic/Particle Transport Outputinterval o, ) Plastic/Patticle Transpot €@ None ) Output hazard file
= for components () () Urban Drainage EPASWMM ) Outpus resuls for cross sections
an Drainage EPA-SV Version —_

Components 00081505 Components ) Output resuts for profiles
Rainfall/Evaporation Courant number (CFL): 1 (D Rainfall/Evaporation [_) Weirs ) Output results at observation points
Culverts File Version O & W

) Hot stat iidge piers ) Wind | Compute mass balance every
Bridge Piers 202209 O Cuverts ) Bridges output interval
Open Boundary Condtior At

J vindo
Sources and Sinks Computation control data L Intemal rating tables o o
Weirs () Dam Breach ) Infiltration © Graphic O Console
Intemal Rating Tables Manningsnfactor: 1 ([0 Sources/Sinks ) Bridge scour Depth for anival
Wind ) Manning's n variable with depth Ml Sources betch n time calculation f) |0.0000 &
Bridges Minimum depth for dry bed: -1
Gates » _ Inttial conditions
Infitration English
Model Selection

Bridge Scour
Dam Broach Riverflow2D GPU DIP Language:  Engish O Drybed

Output © RiverFlow2D CPU Parallel computation O Read inttial water elevs. from FED file
Graphic Output Options Number of cores: o © Horizontal water surface elevation
Profile Output Data file origin: QGIS
Cross Section Output 24
Observation Points
Tools

Open Al Fles = Save Al Files Run RiverFlow2D Exit @ wwhydronia com About Hydronia RiverFlow2D

Figure 10.2 — Control data panel.

Note that the sediment transport module is not selected by default. The Hydronia Data Input Pro-
gram should be configured as follows:

1. On the Control Data panel, click on Sediment Transport module. (If you have an Nvidia GPU,
you can click on RiverFlow2D GPU under Model Selection.)

2. To create the .SEDB’ file with the parameters to calculate sediment transport: in the Modules
list select Sediment Transport.

3. Enter the parameters: In this example the Sediment Transport Mode checkbox for Bed Load
Sediment is deactivated and Suspended Sediments is left active.

4. Inthe Suspended Sediment Transport section: Uncheck the option for Bed Fraction Evolution.

5. Under the Dispersion coefficient section, give the values 0.7 for Longitudinal and 0.0017 for
Transversal.

6. Click on Add Suspended Sediment Fraction to add a single fraction with the default values
presented by the Hydronia Data Input Program, we will have an image similar to the one
shown in the following Figure:
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RiverFlow2D Sediment Transport Module.

Leave all other parameters at their default values.

Click the [Save SED* Files] button and leave the default name provided, click [Save].

About Hydronia Riverflow2D

On the left-hand panel, click on Open Boundary Conditions.

In the Boundary Conditions panel, click on the entry for BC 1, Discharge vs. Time. A message
should be displayed indicating that you will need to add a column for each concentration that
is configured in the Sediment Transport module:

o To avoid model errors, boundary condition of BCType 6

(Discharge vs Time) i
concentrations, equ
Transport fractions i

n file INFLOW_1.QVT must have 1
al to the number of Suspended Sediment
n the Sediment Transport module.

Would you like to add 1 column(s) to the boundary

conditions table?
{Changes will also b

e saved to file INFLOW_1.QVT')

Yes No

Message indicating that you will need to add a column for each concentration that is configured
in the Sediment Transport module.

In the section displaying the contents of the ‘Inflow_1.QVT file, scroll to the right and add the
concentrations 0.01 to each row in the Conc.1 column.

Once entered, a warning message should be displayed indicating that the ‘Inflow_1.QVT’ file
has been modified, click [Yes] to save the changes.

To run the model, click on the Run RiverFlow2D button in the lower section of Hydronia Data

Input Program.

Click [Yes] when asked to save changes. By default it will prompt to overwrite the existing

‘base.DAT, click [OK].
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The window presented while running the model shows: simulation time, volume conservation error,
total discharge of the liquid flow in and out and in this case also shows the sediment load at the inlet
and outlet as well as other parameters as the execution progresses (Figure 10.6).

- RiverFlow2D ST GPU (Build: Feb 20 2025) = o X

Simulation Status 92.07 Topography (ft) 173.80 0.00 Water Depth (ft) 24.06

Info Simulation

(D H:M:S

119 MB

Progress | ‘

P Si )
[ANEENEEEENNENNRNENNNENNNNNNNNNENNE rause Stop

Figure 10.3 — RiverFlow2D output graphics.

10.4 Check the output files

RiverFlow2D creates the following files for output time interval defined in the Control Data panel:
‘cell_st DDDD_HH_MM_SS.textout’

Where DDDD indicates the date, HH, hour, MM minutes and SS seconds.

The format for these files is as follows: The first line indicates the number of suspended sediment
classes/fractions used in the ST run times 2 plus 1 (2*NSSNFRAC+1). Then follows NELEM lines
with results for each cell in the triangular-cell mesh.

10.5 Generate a Concentration Map

1. Click the Results vs Time Maps button.

2. Select Concentrations and Properties versus Time Maps.

3. In the Maps section, select Concentration_1.

4. In the Output Times section, select the desired time (e.g., 0000:02:00:00).

5. Move the second desired output time to the Output Map section by clicking the right arrow
button (—).
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6. Click OK to generate the map.
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Figure 10.4 — Map of suspended sediment concentration for the last time step.

This concludes the Simulating suspended sediment transport with inflows of suspended sediment
concentrations exercise.
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The conceptual model of a hydrologic simulation with RiverFlow2D requires a series of non-overlapping
polygons where the rainfall/evaporation and infiltration data will be assigned to the mesh. Only ar-
eas covered by polygons will receive rainfall or consider infiltration depending on the case. Each
Rainfall/Evaporation polygon should be associated with a file containing a rainfall and evaporation
time-series file. Similarly, each Infiltration polygon should correspond with a file containing the in-
filtration calculation method and its parameters for the polygon. The user will need to generate the
rainfall and infiltration data files associated with each polygon, and copy them to the project folder
prior to running the model.

This tutorial illustrates how to perform a hydrologic simulation accounting for rainfall, evaporation
and infiltration. The procedure includes the following steps:

1. Create the rainfall and evaporation time series data files.

2. Create the infiltration data files.

3. Open an existing RiverFlow2D project.

4. Add the template of the RainEvap component layer and the rain/evaporation polygons.
5. Add the template of the Infiltration component layer and the Infiltration polygons.

6. Generate the mesh.

7. Running the model.

8. Visualize model results.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘RainfalllnfiltrationTutorial’ folder. This zip file is downloaded separately from your installation
materials.

11.1 Create the rainfall and evaporation time series data
file

To run a hydrologic simulation with RiverFlow2D, polygons will be created on which the rainfall/
evaporation data will be applied. The first step is to create the ASCII text files with the rainfall and
evaporation time series that will be associated with each polygon. These files can be created with
any text editor, such as Notepad or Wordpad. The rainfall/evaporation file has the following format:

79
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Line 1: NPRE Number of points in the time series of rainfall and evaporation

Then follows NPRE lines containing:

Time (hr) Precipitation intensity (mm/h orin/h) Evaporation (mm/h or in/h)

The following table is an excerpt of the ‘Rainfall1.dat’ file that is included in the folder for this tutorial.
In this example, evaporation is assumed to be zero at all times. Figure 11.1 shows the graphical
representation of the rainfall time series in the ‘Rainfall1.dat’ file.

18

0.0 0.0 0.0

0.08 1.8 0.0

0.17 3.5 0.0

0.257.8 0.0

0.3312.0 0.0

0.42 15.0 0.0

1.17 9.0 0.0
1.254.7 0.0
1.333.0 0.0
1.422.4 0.0

Rainfall Intensity (mm/hr)

0 008 017 025 033 042 05 058 067 075 083 052 1 108 117 125 133 142
Time (hr)

Figure 11.1 — Rain intensity time series.

11.2 Create the infiltration parameters data file

To take into account infiltration, polygons will be created in which you specify the infiltration calcula-
tion method and its corresponding data. The infiltration polygons are completely independent from
the precipitation polygons. Each polygon can use a different method with its associated parameters.
You will need to create the infiltration ASCII text file for each polygon. These files can be created
with any text editor, such as Notepad or Wordpad. The infiltration file is described in detail in the
RiverFlow2D Reference Manual. For this tutorial, given that the watershed has an area with natural
coverage in the upper area and another with urban use in the lower area of watershed, we will use
two infiltration files using the the SCS-CN method to calculate the infiltration. File ‘Infiltration1.dat’
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will be used for the upper watershed, and for the lower urban zone, ‘Infiltration2.dat’ file. Both files
are provided in the folder for this tutorial.

11.3 Open an existing project

1. Open QGIS

2. On the Project menu click Open... and browse to the existing project: ‘RainfallInfiltrationTuto-
rial.qgz’. This project contains the information to simulate the rainfall runoff resulting from a
10 yr storm. The layers contained are the following:

» Domain Qutline

+ Digital Elevation Model (DEM) in raster format
* Aerial photography

+ Polygons with the Manning'’s n coefficients

+ Cross section at watershed outlet

+ Outflow boundary conditions set to free outflow

When you open the project you will have an view similar as that shown in Figure 6-2.

@ RainfallinfitrationTutorial —QGis.

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
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Rainfall and infiltration tutorial loaded in QGIS.

11.4 Add the RainEvap component layer, and the
rainfall/evaporation polygons

To add the RainEvap where the polygons are drawn with the rainfall and evaporation data, do the
following:
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1. To create RainEvap layer use the New Template Layer button

'ﬁ

5

2. In the window check RainEvap, as shown in the Figure below. Then click OK:

1 Add Layer Template X

¢ RiverFiow2D

Add Template Layer to RiverFlow Project

Components Mesh

Manning N Manning Nz
Initial WSE Bridges
MaximumErosionDepth Gates
Infiltration Culverts

v RainEvap Weirs
Wind DamBreach
CrossSections Source/Sink
Profiles ObservationPoints
InitialConcentrations InitialConcentrationsPollutant
Piers Abutments
StormDrain StormDrainPolygon
Initial Bed Fractions ParticleTransport
HEEF Builds LandSlides

Internal Rating Table

oK Cancel
Add Layer Template dialog with RainEvap selected.

3. Edit the RainEvap layer: In the layers panel, select the RainEvap layer and click on the Toggle
Editing button in the digitization bar

4

A pencil icon will appear in the RainEvap layer, indicating that the layer is in edit mode:

4 COMPOMENTS
1l Rainvap

4. Draw the polygon that demarcates the spatial distribution of rainfall and evaporation: Using
the Add Feature tool from the digitalization bar

&9

draw the rainfall/evaporation polygon, as only one file will be used. The polygon should covers
the entire Domain Outline as shown in the figure below:
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! .'I
|,. |

) /(

—
S

Polygon with the spatial distribution of Rainfall/evaporation data.

5. Right-click to close the polygon. A dialog box will appear to enter the RainEvap Feature At-
tributes.

6. Input the parameters or attributes of the RainEvap polygon: Click on the browse [...]Jbutton
and select the ‘Rainfall1.dat’ file in the scenario folder.

7. Save the changes in the RainEvap layer and click the pencil icon to disable editing mode.

11.5 Add the Infiltration component layer, and the
Infiltration polygons

To add the infiltration information, do as follows:

1. To create the Infiltration layer y use the New Template Layer button

'\

S

2. In the dialog select Infiltration, as shown in the Figure below:
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‘1 Add Layer Template X

¢ RiverFiowzD

Add Template Layer to RiverFlow Project

Components Mesh

Manning N Manning Nz
Initial WSE Bridges
MaximumErosionDepth Gates

v Infiltration Culverts
RainEvap Weirs
Wind DamBreach
CrossSections Source/Sink
Profiles ObservationPoints
InitialConcentrations InitialConcentrationsPollutant
Piers Abutments
StormDrain StormDrainPolygon
Initial Bed Fractions ParticleTransport
HEEF Builds LandSlides

Internal Rating Table

oK Cancel

Add Layer Template dialog with Infiltration selected.

3. Edit the Infiltration layer: In the layers panel, select the Infiltration layer and click on the Toggle
Editing button.

4
A pencil will appear in the Infiltration layer, indicating that the layer is in edit mode:
4 [m] [0 comMPONENTS

(] Rainfvap
[+] E-'l Infiltration

4. Draw the polygon that demarcates the spatial distribution of the infiltration: Using the tool Add
Feature tool of the digitalization bar, draw the infiltration polygons

[ ]

Figure 11.6 shows the polygons that define the two infiltration zones of the watershed that are
based on the land use and vegetation cover.
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Infiltration areas of the watershed.

5. Draw a polygon for the infiltration2 area trying to maintain the shape as indicated in the previous
figure and that protrudes from the polygon of the Domaine Outline as shown in the figure below:

Polygon of the infiltration2 area of the watershed.

6. Once completing the polygon, the dialog to input the parameters opens. Browse to the input
file Infiltration2.txt, as shown below:
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Infiltration - Feature Attributes ﬂ

INFILFILE hGISfExampleProjects;‘RainfaIIinﬁltraﬁonTutoriaIﬂnﬁltraﬁonz.ﬂ| | - |

Window to input the parameters for the infiltration2 polygon.

7. To draw the second polygon corresponding to infiltration2 use the snapping option as shown
in the section Advanced Digitalization/Snapping Tutorial and there should be a polygon like
the one shown in the following figure:

Polygons of the infiltration areas of the watershed.

8. Once finished drawing the polygon, enter the file name ‘Infiltration1.txt’ as shown:
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Infiltration - Feature Attributes

INFILFILE )GIS/ExampleProjects/RainfalinfilrationTutorial/Infilration 1. &% | |

.

Cancel

Dialog to enter the parameters for the infiltration1 polygon.

11.6 Generate the mesh

The mesh is generated using the Generate TriMesh icon
<

™

Figure 11.11 shows the resulting mesh of about 70,000 cells.

—

Figure 11.2 — Final mesh.
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11.7 Exporting files to RiverFlow2D

Now that once you have generated the mesh and the other layers are ready with the necessary
data, you should export the files in the format required by RiverFlow2D. We will use the Export
RiverFlow2D icon.

1. Click on the Export RiverFlow2D icon.
)
™

When running the export command, you need to select the raster layer that contains the Digital
Elevation Model (DEM). The name of the current scenario will already be indicated in the
dialog.

‘TARiverFlow2D X

¢ RiverFlowzD

Export Files to RiverFlow2D

Project Directory E:/Tutorials/RF2D/RainfallinfiltrationTutorialFinal\base

Scenario Name base

DEM (Single Raster) DEM v
P Options

OK Cancel

Export dialog.

2. Click on the [OK] button and the export process will begin. Once finished, the RiverFlow2D
program will be loaded with the ‘base.DAT’ file.

11.8 Running the model

After exporting the files, the Hydronia Data Input Program is loaded with the project file from the
‘base.DAT’ example and shows the Control Data panel as illustrated in Figure 11.13
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Figure 11.3 — Control data panel.

As shown above, the Rainfall Components Evaporation/Infiltration are selected in the data panel.

1. Under Time control data set the Output interval for components (hrs) to 0.1.

If you have an nVidia GPU installed, you may select the RiverFlow2D GPU radial button under
Model Selection to accelerate the model execution

2. Click [Save .DAT] to overwrite the existing ‘base.dat’ file.

3. Select Rainfall/Evaporation of the Conponents section in left-hand panel.

The rainfall data contained in the ‘rainfall1.txt’ file will appear (Figure 11.14). In the Infiltration
panel the data contained in the Infiltration1 and Infiltration2 files is shown (Figure 11.15).

43 Hydronia Data Input Program - C:\Users\PC\D D_Q p T - X
Control Deta Rainfall/Evaporation

= Modules
Sediment Transport
Poltant Transport Open LRAIN Zone Fie Name
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=- Components View Graph 008 18 00
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Open Boundary Condsior 033 120 00
Sources and Sinks
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Intemal Rating Tables 050 200 00
Wind
Bridges 058 564 00
Gates 067 1392 00
Inftration
Bidge Scour 075 220 00
Dam Broach 083 828 00

=) Output
Graphic Otput Options 092 400 00
Profle Outpat 100 150 00
Cross Section Output
Observation Points 108 120 00
Tools

OpenAlFles  Save AlFles  Run RiverFlow2D Ext @ wwwhydronia com About Hydronia RiverFlow2D

Rainfall/Evaporation component data panel.
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Infiltration component data panel.
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About Hydronia RiverFlow2D

4. Leave all other parameters at their default values.

5. To run the model, click on the Run RiverFlow2D button. A window will appear indicating that
the model began to run. The window also report the simulation time, volume conservation
error, total input and output discharge, and other parameters as the execution progresses

(Figure 11.16).
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RiverFlow2D output graphics.
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11.9 Utilizing the Cross Section Tool to review output
files

1. In QGIS, click on the Cross Section icon.

-

L]

2. The Cross Sections panel will appear on the bottom of the QGIS interface.

The outflow hydrograph can be visualized using the cross section tool as shown in Figure
11.17:
3

2.5

0.5

Time (hr)

Output hydrograph of output.

This concludes the Hydrologic simulations tutorial.



12 | Urban Drainage using RiverFlow2D
and EPA-SWMM

This tutorial illustrates how to apply the RiverFlow2D Urban Drainage module that integrates sur-
face flooding with EPA-SWMM storm drain model. The project objective is to assess the shallow
inundation originating from a surcharging underground pipe. The procedure involves the following
steps:

1. Create a SWMM application.

2. Open an existing RiverFlow2D model.

3. Import the surface-storm drain exchange points from the’.INP’ SWMM file.
4. Generate the mesh.

5. Export the files of RiverFlow2D.

6. Run the model.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘UrbanDrainageTutorial’ folder. This zip file is downloaded separately from your installation ma-
terials.

The pipe is modeled in 1D and connected to the 2D mesh through a manhole. The modeled area
is approximately 0.4 km by 0.96 km (see Figure 12.1). A storm drain of circular section of 1.4m in
diameter and 1340 m in length is assumed to run through the modeled area. The pipe Manning’s
roughness is setto n=0.017. Aninflow boundary condition is applied at the upstream end of the pipe,
illustrated in Figure 12.2. A free outfall is considered as downstream boundary condition. A base
initial flow of 1.6 m3/s is set as uniform initial condition. A surcharge is expected to occur at a vertical
manhole of 1 m? cross-section located 467 m from the top end of the culvert at the coordinates
(x=264,896 m,y=664,747 m). The profile geometry of the culvert is given in Table [pipe012] and
shown in Figure 12.3.
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Figure 12.1 — DEM used, with the location of the manhole. The course of the storm drain is indicated,
although irrelevant to the modeling. Purple lines: outline of roads and pavements. Black lines: building

outlines. Triangles: output point locations.
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Figure 12.2 — Inflow hydrograph applied at upstream end of storm drain.

Distance from

upstream Invert level Reach length
cccccNode inlet(m) (m) (m) X Y
N1 0 39.17 - 264896.000 664747.000
N2_manhole 467 29.46 467 264896.000 664747.000
N3 571 27.70 104 265633.232 664154.002
N4 677 26.37 106 266474.164 663829.787
N5 877 25.70 200 267730.496 663302.938
N6 991 24.64 114 268470.111 662978.723
N7 1145 24.29 154 269533.941 662725.431
Out1 1340 23.49 195 271874.367 661752.786
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Figure 12.3 — Storm drain profile.

12.1 Storm drain configuration in EPA-SWMM

If you want to skip this step, you may want to use the SWMM ‘base.INP’ in the tutorial folder. In that
case, please go to section 12.1.1.

1. Open the SWMM application.

2. Thefirst step consists in setting the position of all the nodes that conforms the drainage network
by means of the button Add a junction node:

B swmm 5.1

File Edit View Project Report Tools Window
DRSS 2a® F BN
s@E0voE—~CBMET

Project

! Map -+ Study Area Map

Title/Notes

Options

Climatology

Hydrology

On the Study area map window, click as many times as nodes should be added to the network.
In this project there will be 8 nodes. Note that the position of the nodes is schematic:

-1
i

Pojet_Report Tools Window Help
H6 MO 5 BNET S® NP RoAAHE
Blvom—~caver

(E=8 R

. Study AreaMap.
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3. Configure the node data by double-clicking on each node. The node properties window should
appear:

image image

In this example, the most relevant parameters are: Name, X- and Y-Coordinates, Inflows, Invert
elevation and Max. depth. The only inflow nodes are N7 and N2_manhole. Node N2_manhole
should have Max. depth=2 m. Node N1 is the discharge input and should follow the time series
given in Figure 12.2.

Inflows for Node N1 Det

Direct Dry Weather RDII

Inflow = (Baseline Value) x (Baseline Pattern) +

(Time Series Value) x (Scale Factor)

Constituent FLOW

Baseline x
Baseline Pattern v & X
Time Series discharge_inflow  +| & [X
Scale Factor 1

If Baseline or Time Series is left blank its value is 0. If
Baseline Pattern is left blank its value is 1.0.

oK Cancel Help

The time series can be inserted point-by-point or read from file. On the other hand, node
N2_manhole will be the connection with the surface domain and the baseline values should
be 0.0:

image image

The outfall node Out? should be configured as free:
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Outfall Out1 n
Property Value ]
Name Qutl
X-Coordinate 256180.344
Y-Coordinate 661337.386
Description
Tag
Inflows INO |
Treatment NO
Invert EL 2349
Tide Gate NO
Route To
Type FREE
Fixed Outfall

Fixed Stage 0
Tidal Outfall

Curve Name *

Time Series Outfall
Series Name *

Click to specify any external inflows received at the outfall

4. Join the nodes by means of the Add a conduit link tool:

SWMM 5.1 - UK_test3B.inp
File Edit View Project Report Tools Window
DRSS 2AN® | F B
CEOVOHRCRMB T

Project Map

«« Study Area Map

- Title/Notes
.. Options
- Climatology

The result should look like the following figure:

Wswimst

Fie B View Project Report Tooks Window Help

DEES M@ ¢ BN 8 KNP EOA L HE
eBOvVOosEcauaT

Priet [HEr] Study rea My

ik onthe new ks sart node and then nts s, | AvtoLengt Of_~ | Offes Depth_~ | Fow Units M5~ | | Zoom et 100% | x¥ss2mam, ssesms7rd
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5. Configure the link properties by double-clicking on each one:

Conduit L1 n
{F’rupert‘y Value l
Name L1
Inlet Node N1
Qutlet Node N2_manhole
Description
Tag
Shape (CIRCULAR _J
Max. Depth 14
Length 467
Roughness 0.017
Inlet Offset 0
Outlet Offset 0
Initial Flow 6

1
Maximum Flow 0
Entry Loss Coeff. 0
Exit Loss Coeff, 0
Avg. Loss Coeff. 0
Seepage Loss Rate 0
Flap Gate NO
Culvert Code

Click to edit the conduit's cross section geometry

The most relevant properties are: Name, Inlet node, Outlet node, Shape, Max. depth, Length,
Roughness and Initial flow.

6. Once the network is completely configured, the project should be saved in order to generate
the ".INP’ file that should be similar to the one shown below.

[EVAPORATION]

;; Data Source Parameters

CONSTANT 0.0

DRY_ONLY NO

[JUNCTIONS]

;» Name Elevation MaxDepth InitDepth  SurDepth Aponded
N1 39.17 0 0 0 0
N2_manhole 29.46 2 0 0 0
N3 27.7 0 0 0 0
N4 26.37 0 0 0 0
N5 25.7 0 0 0 0
N6 24.64 0 0 0 0
N7 24.29 0 0 0 0
[OUTFALLS]

;; Name Elevation Type Stage Data Gated Route To
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Out1 23.49 FREE NO
[CONDUITS]
;; Name From Node To Node Length Roughness

InOffset OutOffset InitFlow MaxFlow

L1 N1 N2_manhole 467 0.017

0 0 1.6 0

L2 N2_manhole N3 104 0.017

0 0 1.6 0

L3 N3 N4 106 0.017

0 0 1.6 0

L4 N4 N5 200 0.017

0 0 1.6 0

L5 N5 N6 114 0.017

0 0 1.6 0

L6 N6 N7 154 0.017

0 0 1.6 0

L7 N7 Out1 195 0.017

0 0 1.6 0

[ XSECTIONS]

;o Link Shape Geom1 Geom?2 Geom3 Geom4
Barrels Culvert

L1 CIRCULAR 1.4 0 0 0
1

L2 CIRCULAR 1.4 0 0 0
y

L3 CIRCULAR 1.4 0 0 0
1

L4 CIRCULAR 1.4 0 0 0
1

L5 CIRCULAR 1.4 0 0 0
y

L6 CIRCULAR 1.4 0 0 0
1

L7 CIRCULAR 1.4 0 0 0
y

[INFLOWS]

;; Node Constituent Time Series Type Mfactor Sfactor

Baseline Pattern
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N1 FLOW discharge_inflow FLOW 1.0 1
N2_manhole FLOW FLOW 1.0 1.0
0.0

[TIMESERIES]

; ; Name Date Time Value
discharge_inflow 0:00 1.6
discharge_inflow 0:02 1.6
discharge_inflow 0:04 1.6
discharge_inflow 0:06 1.6
discharge_inflow 0:08 1.61644
discharge_inflow 0:10 1.6336
discharge_inflow 0:12 1.65472
discharge_inflow 0:14 1.67188
discharge_inflow 0:16 1.68904
discharge_inflow 0:18 1.70488
discharge_inflow 0:20 1.71808
discharge_inflow 0:22 1.71808
discharge_inflow 0:24 1.7392
discharge_inflow 0:26 1.75636
discharge_inflow 0:28 1.77352
discharge_inflow 0:30 1.7986
discharge_inflow 0:32 1.82764
discharge_inflow 0:34 1.8448
discharge_inflow 0:36 1.88704
discharge_inflow 0:38 1.92136
discharge_inflow 0:40 1.95436
discharge_inflow 0:42 1.98868
discharge_inflow 0:44 2.02168
discharge_inflow 0:46 2.056
discharge_inflow 0:48 2.09824
discharge_inflow 0:50 2.1484
discharge_inflow 0:52 2.19988
discharge_inflow 0:54 2.25928
discharge_inflow 0:56 2.32264
discharge_inflow 0:58 2.3728
discharge_inflow 1:00 2.4784
discharge_inflow 1:02 2.56288
discharge_inflow 1:04 2.66056
discharge_inflow 1:06 2.77012
discharge_inflow 1:08 2.8876
discharge_inflow 1:10 3.0064



12.1 Storm drain configuration in EPA-SWMM 100

discharge_inflow 1:12 3.17536
discharge_inflow 1:14 3.29416
discharge_inflow 1:16 3.44992
discharge_inflow 1:18 3.61888
discharge_inflow 1:20 3.78784
discharge_inflow 1:22 3.9568
discharge_inflow 1:24 4.168

discharge_inflow 1:26 4.33696
discharge_inflow 1:28 4.50592
discharge_inflow 1:30 4.67488
discharge_inflow 1:32 4.83988
discharge_inflow 1:34 4.99168
discharge_inflow 1:36 5.16064
discharge_inflow 1:38 5.27944
discharge_inflow 1:40 5.41012
discharge_inflow 1:42 5.54476
discharge_inflow 1:44 5.67148
discharge_inflow 1:46 5.77312
discharge_inflow 1:48 5.89984
discharge_inflow 1:50 6.00148
discharge_inflow 1:52 6.10312
discharge_inflow 1:54 6.1876
discharge_inflow 1:56 6.24096
discharge_inflow 1:58 6.28111
discharge_inflow 2:00 6.28111
discharge_inflow 2:02 6.24096
discharge_inflow 2:04 6.1876
discharge_inflow 2:06 6.10312
discharge_inflow 2:08 6.00148
discharge_inflow 2:10 5.89984
discharge_inflow 2:12 5.77312
discharge_inflow 2:14 5.67148
discharge_inflow 2:16 5.54476
discharge_inflow 2:18 5.41012
discharge_inflow 2:20 5.27944
discharge_inflow 2:22 5.16064
discharge_inflow 2:24 4.99168
discharge_inflow 2:26 4.83988
discharge_inflow 2:28 4.67488
discharge_inflow 2:30 4.50592
discharge_inflow 2:32 4.33696
discharge_inflow 2:34 4.168

discharge_inflow 2:36 3.9568
discharge_inflow 2:38 3.78784
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discharge_inflow 2:40 3.61888
discharge_inflow 2:42 3.44992
discharge_inflow 2:44 3.29416
discharge_inflow 2:46 3.17536
discharge_inflow 2:48 3.0064
discharge_inflow 2:50 2.8876
discharge_inflow 2:52 2.77012
discharge_inflow 2:54 2.66056
discharge_inflow 2:56 2.56288
discharge_inflow 2:58 2.4784
discharge_inflow 3:00 2.3728
discharge_inflow 3:02 2.32264
discharge_inflow 3:04 2.25928
discharge_inflow 3:06 2.19988
discharge_inflow 3:08 2.1484
discharge_inflow 3:10 2.09824
discharge_inflow 3:12 2.056
discharge_inflow 3:14 2.02168
discharge_inflow 3:16 1.98868
discharge_inflow 3:18 1.95436
discharge_inflow 3:20 1.92136
discharge_inflow 3:22 1.88704
discharge_inflow 3:24 1.8448
discharge_inflow 3:26 1.82764
discharge_inflow 3:28 1.7986
discharge_inflow 3:30 1.77352
discharge_inflow 3:32 1.75636
discharge_inflow 3:34 1.7392
discharge_inflow 3:36 1.71808
discharge_inflow 3:38 1.71808
discharge_inflow 3:40 1.70488
discharge_inflow 3:42 1.68904
discharge_inflow 3:44 1.67188
discharge_inflow 3:46 1.65472
discharge_inflow 3:48 1.6336
discharge_inflow 3:50 1.61644
discharge_inflow 3:52 1.6
discharge_inflow 3:54 1.6
discharge_inflow 3:56 1.6
discharge_inflow 3:58 1.6
discharge_inflow 5:00 1.6

[REPORT]
;; Reporting Options
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INPUT NO
CONTROLS NO
SUBCATCHMENTS ALL

NODES ALL

LINKS ALL

[TAGS]

[MAP]

DIMENSIONS 260000.000 660000.000 270000.000 670000.000
Units Meters
[COORDINATES]

;; Node X-Coord

N1 264903.824
N2_manhole 264896.000
N3 265633.232
N4 266474.164
N5 267730.496
N6 268470.111
N7 269533.941
Out1 271874.367
[VERTICES]

12.1.1 Starting QGIS

Start the QGIS software. After loading we will have a window similar to the one shown below:

664753.843
664747.000
664154.002
663829.787
663302.938
662978.723
662725.431
661752.786
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Figure 12.4 — QGIS interface.

12.1.2 Start a new RiverFlow2D project
1. In the RiverFlow2D toolbar, click on the New RiverFlow2D Project button
&
to start a new RiverFlow2D project. A dialog window appears where you select the layers that
will be created, the Coordinate Reference System (CRS), and the directory path where the

layers will be saved. This example will use the basic layers: Domain Outline, Manning N, and
BoundaryConditions

2. Select None in the Layers dropdown menu.
3. Select the Projection button.

4. In the Filter textbox, type 7405 and select the Coordinate Reference System as shown:

(@ Coordinate Reference System Selector X
Fitr
[Recently used coordinate reference systems
Coordinate Reference System Authority ID 5
NADS3 / Florida West EPSG26959
NAD83(NSRS2007) / Florida East EPSG3511
WGS 84 / Pseudo-Mercator EPSG:3857
[05GB 1936 / British National Grid EPSG:7405 -
< >
(Coordinate reference systems of the worid Hide deprecated CRSs
Coordinate Reference System Authority ID =
OCRS.Dufur-Madras NAD 1983 CORS96 TM Meters EPSG:102538
OCRS_Fugene_NAD_1983 CORS96 TM Feet Intl EPSG:102509
OCRS_Eugene_NAD_1983_CORS96_TM_Meters EPSG:102539
OCRS Grants_Pass-Ashland NAD_1983_ CORS96_TM_Feet Intl EPSG102510
OCRS G -Ashland_NAD_1883_CORS96_ TM_Meters EPSG:102540

ings NAD_1983 CORS96 M Feet Intl EPSG:102511
ings_NAD_1983_CORS96_TM_Meters EPSG:102541
EPSG:102512
EPSG:102542
EPSG:102513

X  NAD_1983_CORS96_TM_Feet Intl
OCRs_On

NAD_1983_CORS96_TM_Meters EPSG:102543
OCRs_Pendleton-La_Grands_NAD_1983_CORS96_TM_Feat_Int] EPSG:102515
OCRS Pendleton-La Grande NAD. 1983 CORS96 TM Meters EPSG:102545
OCRS_Pendleton NAD_1983_CORS96_TM_Fest_Intl EPSG:102516
OCRS_Pendleton NAD_1983_CORS96_TM_Meters EPSG:102546
OCRs_Salem NAD_1983_CORS96_TM_Feet_Intl EPSG:102518
OCRS_Salem_NAD_1983_CORS96_TM_Meters EPSG:102548
OCRS Santiam Pass NAD_ 1983 CORS96 TM Feet Intl EPSG:102519
OCRS_Santiam_Pass_NAD_1983_CORS96_TM_Meters EPSG:102549
0SGB 1936 / British National Grid EPSG27700
OSGB 1936 / British National Grid EPSG7405
05GB36_Highways_England_ATOH1 EPSG:102814 o
< >
0SGB 1936 / British National Grid =

cent
7,06, 49.83, 180, S8.71

i

“+proj=tmerc +lat_0=49 +lon_0=-2 +k=0.9996012717 +x_0=400000
+y_0=-100000 +elps=ai

H1wosA=445. 448 -175.157 547 0R.0.15.0 247 0. 847 2048 +unite=m

OK | |Cancel Help
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Coordinate Reference System Selector dialog window.
5. Click OK.

6. The Coordinate Reference System (CRS) EPSG code: 7405 should be selected, and the
dialog window will look like this:

“H Create Layer X

¢ RiverFlowzD

Create New RiverfFlow2D Project

Layers |none ~

MeshDensityLine MeshDensityPolygon
MeshBreakLine
Manning Nz Profiles
Initial WSE ObservationPoints
MaximumErosionDepth Bridges
Infiltration Gates
RainEvap Culverts
Wind Weirs
CrossSections DamBreach
Source/Sink Multiple DEM Boundaries
InitialConcentrations InitialConcentrationsPollutant
Piers Abutments
ParticleTransport Initial Bed Fractions
Internal Rating Table
Projection EPSG:7405
Name initial scenario : |base
Project Directory : | E:/Tutorials/RF2D/UrbanDrainageTutorial
oK Cancel

Create New RiverFlow2D Project.

7. Click the “...” button to provide a path to store the project files in the Project Directory textbox.
For this example you may browse to the UrbanDrainageTutorial folder.

8. After clicking OK, the layer templates are created, and displayed on the Layers Panel:

Layers B®
o|dl® T a3 AL

v![_| Domain Outline
v| [ | Boundary Conditions
ALY, Iiﬂ MESH_SPATIAL_DATA
v [ | Manning N
V! [3] COMPONENTS
v Ij'l OUTPUT_CONTROL
v i OQUTPUT_RESULTS

B RENS

Layers created for the project.

RiverFlow2D will use the unit system as that defined in the projection you selected. If the
projection has coordinates in meters, units will be set to Metric. If the projection coordinates
are in feet, units will be set to English.

9. On the QGIS Project menu, click Save, to save the project in the same directory that you
previously selected in the Create New Project dialog above.
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12.1.3 Load elevation data

RiverFlow2D uses elevation data in raster format. To load an ASCII grid file, from the Layer menu,
click Add Layer, and then click Add Raster Layer... You may also click the Add Raster Layer button:

=

Search for the TEST8BDEM.ASC' in the ‘UrbanDrainageTutorial\base’ folder:

Q Data Source Manager | Raster X

¥ Browser Source type

"4 Vector
= @ File Protocol: HTTP(S), cloud, etc.

A% Mesh Source

+ Delimited Text Raster Dataset(s) \Documents\RiverFlow2D_QGIS\ExampleProjects\UrbanDrainageTutorial\Test8DEM.asc «

) GeoPackage

74 Spatialite
+ PostgreSQL
» MSSQL
% Oracle
9% DB2
4 Virtual Layer
& WMS/WMTS
Fwcs
+ WFS
‘5‘,’ ArcGIS Map Server
@4 ArcGIS Feature Server
+ GeoNode

Close Add Help

1. Click Add, assign the EPSG:7405 projection code to the file, and raster will be displayed on
the screen, by default it is rendered in gray gradient as shown in Figure 19.7.

Q@ “Untitied Project - QG
Project s er Settings Plugins Vector Raster Dotabose Web Mesh Processing Help

DEERRY USRI PPRPALLBENS &6 --5-5 # 3T m-00-
aeViswm W ; : AQQR 2 -
I el fie- b6 @@

........

Jawve AL

'::

oo

%

r
V3

@

@.

=)

@.

Coortinate 2639652667712 B Scole 12405+ @ Magrifr 10% _ Rotaton 00° 3|V Render @ EPSGTHOS @

Digital elevation model in raster format.

Right-clicking on the label of the created layer and selecting Properties allows you to change
the rendering style for a more informative color palette.
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@ Layer Properties - TestDEM | Symbology X

~ Band Rendering
Render type Singleband pseudocolor
Band Band 1

> Min / Max Value Settings

Classes 5+

~ Resampling
Zoomed: in  Nearest neighbour ¥  out Nearest neighbour ¥ Oversampling 2.00 %

Style ~ Ok Cancel| | Apply | Help

Window to change the raster layer render style.

And now the raster layer is displayed with the new color palette selected:

&
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= 4 AQQR 2

Cawmvi AL
LA

A0
5
<eed <gsas

SHOBAE

Cooninwe 1647726643553 % Scle 12405 v @ Magnfer 10% 3| Rotatn 00° 3|/ Render @'EPSGTHS @

Digital elevation model with color render.

It is convenient to move the raster layer created to the end of the list of layers, thus it does not
interfere with the display of other layers.

12.1.4 Import the surface-storm drain exchange node
connections from the SWMM .INP file

To connect the surface water mesh with the storm drain components, we will import the ex-
change nodes from the “.INP’ file created in the first part of this tutorial. For that we will use
the Import EPA-SWMM INP file command from the RiverFlow2D tools drop down icon:
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o3

' hd o base v
New Template Layer
EPA-SWMM Tools 4 Import EPA-SWMM File
Hydro-Economic Evaluation of Flood » Create StormDrainPolygon
Import Multi Sources File Create SWMM Project File

Import EPA-SWMM INP file command

Select the ‘base.INP’ file and a message will indicate the transfer was successful:

3 Import EPA-SWMM File X

EPA-SWMM .INP FILE OR .HYC FILE iriall/base/Test8B.inp [:]

Create StormDrainPolygon Layer Rectangles Size |5

OK Close

‘&3 Information X

o Import swmm file is ready!

OK

.INP successfully loaded

You will note that there is a new StormDrain layer created and the imported exchange nodes
are displayed:

Surface water-SWMM exchange nodes.

12.1.5 Create the limits of the modeling area

The limits of the modeling area are defined using a polygon on the Domain Qutline layer. To create
it do as follows:

1. Click the Domain Outline layer to activate it and then click Toggle Editing (pencil) in the toolbar:
.r'f M " e m F
A/E R B

Menu buttons for digitalization toolbar.

2. This activates the rest of the editing buttons. Now click the Add Feature tool which is the bean
looking polygon.

2

Proceed to delineate the outline of the polygon by marking the vertices clicking with the left
mouse button:



12.1 Storm drain configuration in EPA-SWMM 108
DEERRE 0FLLRPP ) [ BRI 66 KB LEE =97
RQVAMB A/ B0 < “QEUE L AQQR A~
TREE heE
v =
o
9%
8 |- vy
B
@
@
@%.
\[;.
& Type to locate (CtrleK) Coodinate 2645360,6640040 W Scale 12405~ @ Magnifier 100% 2 Rotaton 00° & v/ Render MEPSGTHS @
Modeling area delimitation on the Domain Outline layer.
Make sure that the polygon is contained within the limits of the raster layer since RiverFlow2D
will not extrapolate elevations to areas that are outside of the available data on the raster layer.
Also, the SWMM exchange nodes should be inside the Domain Outline polygon.
3. Tofinalize and close the polygon, right-click anywhere on the map view area. A dialog window

to input the cell size attribute of the newly created polygon. The value for the reference size
of the mesh cell is indicated. Enter a value of 10 m.

Domain Outline - Feature Attributes
Actions
Celisize (10 al
‘Cancel ‘

CellSize defined for the Domain Outline layer.

Now click on Toggle Editing button to deactivate the layer Edit mode and save the changes.

J

The Domain Outline is now complete.
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G “Untitled Project - QGIS. - 8 X
Project Edit View layer Settings Plugins Vector Roster Databose Web Mesh Progessing Help

DEARRY OSLLHRPPL AL BHENS & N-E-LEESE S = 1
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v ondi
v (3 MESH_SPATIAL DATA

¥ (¥ quTPuT_CONTROL.
v (& outeur ResuLTS

SEDHSENS
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Figure 12.5 — Domain Outline layer.

12.1.6 Assigning Manning’s n

To assign Manning’s n roughness values, we will enter polygons with given n’s. There can be
as many polygons as those required to reproduce the spatial variability of this parameter. In this
example, a single polygon will be drawn for the entire area.

1. Select the Manning N layer and click the Toggle Editing button:

J

2. Draw the polygon around the entire domain taking care that it covers all the cells.

You should have an image like the one shown below:

Editing the Manning N layer.
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3. Close the last vertices on the polygon by right-clicking on the desired position. The following
dialog window is presented where you must input the Manning’s n value associated to the

polygon. For this case, enter 0.03:

Manning N - Feature Attributes

Actions

ManningN (0.03| a

Ok Cancel
Dialog to input Manning N Feature Attributes.
4. Click the Save button
E]

and then click the Editing Tool button

J

to deactivate editing mode.

12.1.7 Imposing the boundary conditions

By default all boundaries are closed unless we set open boundary conditions. Since in this project
flow is input from the storm drain, we will set only outflow conditions. To define the boundary condi-
tions draw a polygon that includes the nodes or vertices at the left end of the mesh as indicated in

the figure:

bounday Condtions - eaure Abutes -]

General  BC Data
| Eoundary Cond. Identify (ID) OUTFLOW

| Typeof Open Boundary 1.Stage vs discharge table
Bound. Cond. File Name NULL Import BC File

Figure 12.6 — Polygon that covers the nodes defining the Outflow boundary condition segment.
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1. Select the BoundaryConditions layer in the Layers panel.

2. Click the Toggle Editing button to add the polygons that are going to indicate the nodes on
which the inflow and outflow conditions are established.

J

3. To finish the polygon, right-click on desired location. A window to enter the attributes of the
newly created polygon is displayed.

4. The window contains a list to select the name of ID of this BC (Boundary Cond. ID), set Id to
OUTFLOW condition, and from the list of boundary condition Types select Free Outflow.

Enter the data as shown in Figure 12.21 below:

General BC Data

Boundary Cond. Identify (ID) OUTFLOW
Type of Open Boundary 8.Free outflow v

Bound. Cond. File Name |NULL Import BC File

Outflow Boundary Condition.
5. Click the Save m button:

6. Click the Toggle Editing lg/ button to exit editing mode.

12.1.8 Generating the triangular-cell mesh

Now that the Domain Outline has been set, the Manning’s n entered, and the SWMM nodes have
been imported, we can proceed to create the mesh using the GMSH program.

To run the plugin, on the the Plugins menu, click Generate TriMesh, or click on the icon:

™
The following figure shows the generated mesh. You will also see in the Layers panel two new
layers: Trimesh and Trimesh_point:



12.2 Exporting the files 112

Figure 12.7 — Resulting mesh.

Before using the Export plugin, save the QGIS project. To accomplish this, from the Project menu,
click Save. Name the project file ‘UrbanDrainageTutorial.qgz’.

12.2 Exporting the files

Once the layers with the input information to the model have been created, the next step is to export
from QGIS the data files required by the RiverFlow2D model.

1. Run the Export RiverFlow2D plugin
€

2. Adialog window is presented. We must indicate the raster layer of the Digital Elevation Model
(DEM), as this layer is not created by the plugin and its name may be different.

3. Using the “...” button, select the path, and enter the file name. Please, ensure that the path is
the same as that previously selected, and the one corresponding to the ‘.qgz’ project file.

4. Click OK.

“tARiverFlow2D

¢ RiverFlowzD

Export Files to RiverFlow2D

E:/Tutorials/RF2D/UrbanDrainageTutorialFinal\base

Test8DEM

oK || Cancel

Export RiverFlow2D dialog.

The plugin will begin to process the information. A message bar at the top will indicate the
approximate progress of the process.
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Once the process of creating the files with the input data is finished, the Hydronia Data Input
Program is opened automatically and a dialog window is presented with the model project to
run. In this case: ‘base.DAT’ should already be set.

Then the window with the input parameters of RiverFlow2D is presented, as shown in the
image below:

% Hydronia Data Input Program - CAUsers\PC\Doc RiverFlow2D_Q( pleProjects\UrbanD: Testsb - x
Control Data Control Data
= Modules
ge:nnmerrnn;mnspo: Time control data Modules Output options
ollutant Transpor Open DAT . o -
Mod/Taiings Fow Simulation time (vs): 5 O Sedment Transpot O OF Spilon Land (O Automatic close of model windows
0 Spilon Land Save DAT O Polutant Transport O O Spilon Water
Oil Spill on Water Output interval rs): 0.1 O Mud/Taiings Flow O Water Quaity ! Output maximum fles
Plastic/Particle Transport Outputinterval 4 O Plastic/Patticle Transpot €@ None () Output hazard file
Water Qualty for components (hrs) @ Utban Drainage EPASWHMM () Output resuts for cross sections
Urban Drainage EPA-SV\ S —
= Components Components < sfor profiles
Rainfall/Evaporation Courant number (CFL): 1 () Rainfall/Evaporation () Weirs (0 Output resuts at observation points
Culvert . QO a
Bm;’ge ;m O Hot stat O Brdge pies O wind o Sg‘rromreﬁ o balance every
O Culverts (O Bridges put inkorvi
Open Boundary Conditior - e P~
Sources and Siks - O intemal rating tables () Gtes or anivi .
omputation cortrol data J - 00000 |2
Wers () Dam Breach 0 Infitration )
Intemal Rating Tables B cana® 0 factrc i) O Souwcea/Srks O Bridge scour
Wind () Manning’s n variable with depth Muliple Sources batch run Initial condttions
Bridges Minimum depth for dry bed: -1
Gates = © Diybed
Metic Engish -
';::";’;W Model Selection . Enghd O Readiniial water elevs. from FED file
s O RwverFlow2D GPU DIP Language:  Engish v O Horzontal water surface elevation
5 Output © RiverFlow2D CPU Parallel computation
Graphic Output Options )
Profle Output Data fil orign: QGIS Nusber of cores:
Cross Section Output 4 v
Observation Points
Tools
Open Al Fles  Save AlFles  Run RiverFow2D Exit © wwwhydroniacom About Hydronia RiverFlow2D

Hydronia Data Input Program window.

Enter 5 hours for the Simulation time and click on the Storm Drain EPA-SWMM panel. Enter
for the N1 node CD = 0 since we don’t want exchange with that inflow node to the conduit.

43 Hydronia Data Input Program - C:\Users\PC\Documents\RiverFlow2D_QGIS\E

pleProjects\UrbanDrainageTutoriahTestsb - X
Control Data Utban Drainage EPA-SWMM
= Modules
Sediment Transport
Pollutant Transport Open LSWMM Name X Y Diameter

Mud/Tailings Flow
Oil Spill on Land Save LSWMM 264915824 664786.843 1.000

Of Spllon Waker N2_manhole 264396.000 664747000  1.000 1.000
Plastic/Particle Transpor

Water Quality
Urban Drainage EPA-SW
& Components
Rainfall/Evaporation
Culverts
Bridge Piers
Open Boundary Conditior
Sources and Sinks
Weirs
Intemial Rating Tables
Wind
Bridges
Gates
Infiltration
Bridge Scour
Dam Breach
=) Output
Graphic Output Options
Profile Output
Cross Section Output
Observation Points
Tools

Open AlFies | Save AlFles  Run RiverFlow2D Bt @ wwwincionacon About Hydronia Riverflow2D

Storm Drain Dialog.

5. Click [Save .LWSMM] and overwrite the existing file, for this tutorial the filename will be the
name of the project when it was exported with the ‘.lwsmm’ extension.

6. Click the Run RiverFlow2D button to run the model. The model will show a window reporting
on the model progress.
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gRiverFIOWZD Plus SWMM GPU (Build: Feb 12 2024) - =) X
Simulation Status 21.15 Topography (m) 36.97 0.00 Water Depth (m) 0.69
@ L3 22 e —— S ————
@ L2 Msgs

Bl

Info Simulation

) 10413 BUINjO;

Progress
(NENEENEENNEENNERENENNEENNENNENNNRNNNENNNRNNNENNNRNNNNNNNRNEN] . o
Morel Report Window.

When the run finishes, close the window and you can import results back in QGIS to prepare
maps and animations. An example of the maximum depths is shown below:

Maximum depths.

This concludes the Urban Drainage using RiverFlow2D and EPA-SWMM tutorial.



13 | Simulating a tailings dam failure
with RiverFlow2D MT

This tutorial will show how to set up a tailings dam failure simulation with the RiverFlow2D model
with the Mud and Tailings Flow Module (MT) using the QGIS interface. The exercise consists of
modeling a tailings dam failure flood and creating results maps for the impacted areas. The data is
based on the Brumadinho dam disaster occurred on 25 January 2019 when a tailings dam at the
CAS3rrego do FeijAso iron ore mine, east of Brumadinho town, in Minas Gerais, Brazil, suffered a
catastrophic failure.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under the
‘BrumadinhoRF2D’ folder. This zip file is downloaded separately from your installation materials.

= (m] X
BrumadinhoRF2D X +
® New v N sort v = View v
& v > Documents > RiverFlow2D_QGIS > ExampleProjects > BrumadinhoRF2D v @] Q& Search BrumadinhoRF2D
Name Date modified Type Size
2binitialized. HOTSTART 2/2/2023 11:26 AM HOTSTART File 1KB
- boundaries.vtk 2/2/2023 11:25 AM VTK File 2,185 KB
brumDam.MUD 9/30/2022 9:48 AM MUD File 1KB
- Deposit_initial.txt 12/8/2021 11:10 AM Text Document 1KB
device.GPU 2/2/2023 11:25 AM GPU File 1KB
7 extremes.out 2/2/2023 11:26 AM OUT File 3,692 KB
extremes.vtk 2/2/2023 11:26 AM VTK File 4,349 KB
= initia.HOTSTART 2/2/2023 11:25 AM HOTSTART File TKB
inlet1.QVT 2/2/2023 10:30 AM QVT File 1KB
| nodes.wkt 2/2/2023 11:25 AM WKT File 1,029 KB
26 items =0

Figure 13.1 — Files with data required for the example.

13.1 Start a new project for a tailing dam break
simulation

1. To create a new RiverFlow2D project, open QGIS and click on the New RiverFlow2D Project

'ﬁ
button ] in the toolbar. A dialog window appears where you select the layers that will be
created, the name of the Senario, the Coordinate Reference System (CRS), and the directory

115
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path where the layers will be saved. This example will use the layers: Domain Outline, Manning
N, BoundaryConditions, MeshDensityLine, and InitialConcentrations.

2. Select None in the Layers drop-down menu, then click the MeshDensityLine and the Initial
Concentrations check boxes.

3. Click the Projection button and in the Filter text box, type 31983 and select the Coordinate
Reference System and click OK as shown:

{3} Coordinate Reference System Selector X
Filter | © 31983

R Iy Used Coordi Ref:

Coordinate Reference System Authority ID

SIRGAS 2000 / UTM zone 23S EPSG:31983

4 »
Predefined Coordi Ref y Hide deprecated CRSs
Coordinate Reference System Authority ID

v & Projected Coordinate Systems
¥ Universal Transverse Mercator (UTM)
SIRGAS 2000 / UTM zone 23S EPSG:31983

4

SIRGAS 2000 / UTM zone 23S -

‘-)

]

Properties

® Units: meters

® Static (relies on a datum which is plate-fixed)
® Celestial body: Earth

* Method: Universal Transverse Mercator (UTM)

OK Cancel Help

Coordinate Reference System Selector dialog window.

4. Click the | - | button to provide a path to store the project files in the Project Directory text
box. This will be the folder where the model will write all results and output files. Browse to
the tutorial directory in the location where the files were extracted, in the ‘BrumadinhoRF2D’
folder, then click Select folder. The dialog window should look like the following:
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1 Create Layer X

Q RiverFlow2D

Create New RiverFlow2D Project

Layers none ¥

v/ MeshDensityLine MeshDensityPolygon
MeshBreakLine
Manning Nz Profiles
Initial WSE ObservationPoints
MaximumErosionDepth Bridges
Infiltration Gates
RainEvap Culverts
Wind Weirs
CrossSections DamBreach
Source/Sink Multiple DEM Boundaries
v InitialConcentrations InitialConcentrationsPollutant
Piers Abutments
ParticleTransport Initial Bed Fractions

Internal Rating Table
Projection EPSG:31983
Name initial scenario : base
Project Directory : mpleProjects/BrumadinhoRF2D

OK Cancel

Create new project window.

5. After clicking OK, the layer templates are created, and displayed on the Layers Panel

Layers 26
« il % % [F 2= g
v [0 Domain Outline
v = MeshDensityLine
v O Boundary Conditions
v v/ @ MESH_SPATIAL_DATA
v 0 Manning N
v v/ @ COMPONENTS
v H InitialConcentrations
v @ OUTPUT_CONTROL
v @ OUTPUT_RESULTS
Layers created for the project.

On the QGIS Project menu, click Save, to save the project in the same directory that you
previously selected in the Create New Project dialog above.

13.2 Load elevation data

In this tutorial we will use two Digital Elevation Model or DEM raster files that contain the terrain
elevation data and tailings dam volume data.
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1. To load the DEMSs, click the Add Raster Layer button '0 . You may also use the QGIS shortcut
Control+Shift+R.

2. In the dialog search for the tutorial folder and select the ‘RasterBRUMADINHO.tif’ and ‘Ras-
terDAM10.tif’ files as shown:

(2 Data Source Manager | Raster - = X

[ Browser Source Type
... © File  Protocol: HTTR(S), cloud, etc.
. g Vector

' Source
o Raster
Raster dataset(s) "E:\ i \Br i JMADINHO.tif" "E:\Tutorials\RF2D\BrumadinhoRF2D\RasterDAM10.tif" a ||

» Options
4 Point Cloud

4 Delimited Text

Q% GeoPackage

- PostgreSQL
4 MS sQL server
» Oracle

(VA virtual Layer
* SAP HANA

@’ WMS/WMTS

WFS / OGC API
# - Features

&5 wes

* Xyz

ann )
57 Vector Tile

7+, ArcGIS REST
&% Server Close Add Help

Dialog to create a layer from a raster file.

3. Click Add and then Close.

4. Click on the RasterBRUMADINHO layer. Use the Zoom to Layer button p to center the
image.

The raster will be displayed on the screen, by default it is rendered in gray gradient as shown.

Digital elevation model in raster format.
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Right-clicking on the label of the new raster layer and selecting Properties, in the Symbology
panel you can change the Render type for a more informative palette such as Hillshade for
instance.

Digital elevation model with Hillshade render.

You may move the raster layer by dragging it to the end of the list of layers to avoid that it would hide
or interfere visually with the other layers.

13.3 Create the limits of the modeling area

We define the limits of the modeling area drawing a polygon on the Domain Outline layer. To create
it do as follows:

1. Click the Domain Outline layer to activate it and then click Toggle Editing (pencil) in the toolbar

J

2. Click the Add Polygon Feature tool % Proceed to delineate the outline of the polygon by
clicking the vertices with the left mouse button.

3. To finalize and close the polygon, right-click on the map view area. A dialog window to input
the cell size attribute of the newly created polygon will appear. The CellSize value for the
reference size of the mesh cell is indicated. Enter a value of 50 m.

The Domain Outline should look similar to the following figure:
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Domain Outline polygon.
4. Save the polygon by clicking the Save Layer Edits button .

5. Click on Toggle Editing button to deactivate the layer Edit mode J@

13.4 Create more detail for the mesh down the main
flow area

Once the Domain Outline is created, a Mesh Density Line will provide the necessary detail down
the main channel for more accuracy.

1. Select the MeshDensityLine layer making sure it is activated as shown
V||| Domain Outline

— MeshDensityLine
] D Boundary Conditions

and click the Toggle Editing button J@

2. Click the Add Line Feature button then Left-click to draw the points down the middle of
the channel all the way to the river entrance at the bottom of the Domain Outline.

3. Right-click to finish the line. A dialog requesting input for the MeshDensityLine Feature At-
tributes will appear. Input 25 as the CellSize for the MeshDensityLine layer. The first line
should look as follows:
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First mesh density line.

Another line will need to be drawn to finish adding detail down the main path on the river in the
south.

4. Click the Add Line Feature button then Left-click to draw the points starting from the the
south-western part of the Domain Outline along the riverbed and right-click to finish the line,
joining it to the first line as follows:

Second mesh density line.

5. Right-click to finish the second line. A dialog requesting input for the MeshDensityLine Feature
Attributes will appear. Input 25 as the CellSize for the MeshDensityLine layer.

6. Save the polygon by clicking the Save Layer Edits button .
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7. Click on Toggle Editing button to deactivate the layer Edit mode J@

The finished MeshDensityLine layer should look as follows:

Finished MeshDensityLine layer.

13.5 Generating the triangular-cell mesh

Now that the Domain Outline and Mesh Density Line layer have been created, proceed to generate

.\
the mesh by clicking on the Generate Trimesh X button.

The following figure shows the generated mesh. You will also see in the Layers panel the new layer:
Trimesh
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Figure 13.2 — Triangular mesh generated for the tailings dam break tutorial.

13.6 Setting up the boundary conditions

Here we will explain how to enter boundary conditions that are needed in any inflow or outflow
sections of the model area where flow can enter or leave the mesh. In this tutorial we will have one
inflow and one outflow condition.

We first enter the inflow boundary condition imposing a hydrograph (discharge vs time).
1. Select the BoundaryConditions layer in the Layers panel.

2. Click the Toggle Editing button f to add the polygons that will indicate the open boundary
segments where inflow and outflow conditions are imposed. Draw a polygon at the bottom
end of the mesh as indicated in the figure:
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Polygon that covers the nodes defining the Inflow boundary condition segment.

3. To finish the polygon, right-click on desired location. A window to enter the attributes of the
newly created polygon is displayed.

The exact form of the polygon is not important. You only need to make sure that the polygon
covers the segment length at which you want to impose the condition. All cells falling within
that polygon will be open boundary cells.

4. In the Boundary Cond. ID enter the desired name or leave the default.

5. Select 2. Discharge vs. Time from the Type of Open Boundary list.

6. Click Import BC File button, and search for the ‘inlet1.QVT’ hydrograph file as shown below:

Boundary Conditions - Feature Attributes =
General ‘ BC Data |
Boundary Cond. Identify (ID) [BC_1 |
Type of Open Boundary ‘Z.Discharge vs Time hd |
Bound. Cond. File Name ts/BrumadinhoRF2D_inlet1.QUT | Import BC File |
| oK | cancel |

Inflow boundary condition parameters.
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Boundary Conditions - Feature Attributes =

General BC Data

Time(hr) QDischarge(m3/s)

10 4500.6
21000 4500.6
3

OK Cancel
Hydrograph loaded from the ‘inlet1.QV T file.

7. Click OK to close the dialog and then click Save Layer Edits E .

All boundary condition files, such as ‘inlet1.QVT’ in this tutorial, need to be in the same directory as
all the other project files.
Now we will enter an free outflow condition where the fluid will be let to flow out from the mesh.

@
1. Click the Add Polygon Feature tool . Proceed to delineate the outline of the polygon by
clicking the vertices with the left mouse button. Draw the polygon defining the outflow boundary
area at the downstream end of the river as shown:
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Polygon that defines the outflow boundary condition segment.

2. Right click to close the polygon. A dialog window will appear to enter the parameters. Select
the condition type Uniform flow condition and set So to 0.005. The dialog should look like the
following:
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Q Boundary Conditions - Feature Attributes a X

General | BC Data

Boundary Cond. Identify (ID) |BC_2

Type of Open Boundary 5.Uniform flow condition v

So 0.005 Import BC File

OK Cancel

Parameters for the free outflow open boundary condition.
3. Save the changes made to the layer by clicking the Save Layer Edits button ‘E .

4. Deactivate editing mode by clicking on the Toggle Editing button / .

The figure below shows how the BoundaryConditions layer should look:

Polygons that define the inflow and outflow boundary conditions.

13.7 Assigning Manning’s n

Manning’s n is the parameter determining the bed roughness. The model requires that all cells in
the model area have a defined n. In a project application we should have n’s that vary through the
mesh since variable vegetation and terrain characteristics will have different roughness. However,
for simplicity, in this tutorial we will assume a single n.
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1. Select the Manning N layer and click the Toggle Editing button f .

2. Click the Add Polygon Feature 1 to draw a polygon that covers the entire domain. The
polygon may extend beyond the mesh area as shown:

Manning N layer.

3. Close the polygon by right-clicking on the end vertex and enter a Manning’s n equal to 0.035:

Manning N - Feature Attributes n

ManningN |0.035] al

| OK HCanceI|

Dialog to input ManningN.

4. Click Save Layer Edits , and then click the Toggle Editing button f to deactivate editing
mode.

13.8 Providing the Initial Concentrations for the tailings
material

The RiverFlow2D MT model allows defining initial volume concentrations that vary in space. In order
for the model to assign this initial state, one or more polygons must be drawn over the tailings raster
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or initial water surface elevation polygon. This polygon will then be assigned a data table attribute
that gives the concentrations for each sediment class.

1. Select the InitialConcentrations layer in the Layers and click the Toggle Editing % button

@
2. Click the Add Polygon Feature button and draw the polygon, keeping within the edges of
the RasterDAM10 raster:

Initial Concentrations polygon.

3. An InitialConcentrations - Feature Attributes dialog will appear. On the Initial Concentrations
File line click the | - | Browse button to select the ‘Deposit_Initial.txt’ file from the project folder
\ExampleProjects\BrumadinhoRF2D\base\’ folder and then click OK.

4. The dialog should look like the following:

Q@ InitialConcentrations - Feature Attributes (]
Supernatant Water Pond Elevation (m) [-9999
Initial Concentrations File )pleProjects\BrumadinhoRF2D\base\Deposit_initial.txt
Class or Ce
Cv Add sediment class/pollutant
10038 Remove sediment class/pollutant
2/0.62
3/0.087
4/ 0.010
5/0.017
6/ 0.030
7
OK Cancel

Initial Concentrations - Feature Attributes dialog.
5. Save the changes made to the layer by clicking the Save Layer Edits button E .

6. Click the Toggle Editing % button to disable editing mode.

Save the QGIS project using the Save Project button or by using the Project menu. Name the project
file ‘Brumadinho.qgs’.
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13.9 Exporting the project from QGIS to RiverFlow2D

Once the layers with the input data to the model have been created, we need to export data files
required to run RiverFlow2D.

1. In the RiverFlow2D plugin toolbar, click the Export files for RiverFlow2D button and select
Export RiverFlow2D ...
2. In the export dialog window indicate the Project Name, Brumadinho in this tutorial.
3. In the drop-down menu for DEM Single Raster select RasterBRUMADINHO
4. Click on the Options arrowhead to view the additional parameters for the export.
5. under DEM (Single Raster) make sure RasterBRUMADINHO is selected in the dropdown
menu.
6. Click to enable the checkbox for Using Initial WSE Raster Layer, then on the drop down menu
select the RasterDAM10 as your Initial WSE layer.
Your Export RiverFlow2D dialog window should look like this:
‘b
Q) RiverFiowzD
Export Files to RiverFlow2D
Project Directory E:/Tutorials/RF2D/BrumadinhoRF2DFinal\base
Scenario Name base
DEM (Single Raster) RasterBRUMADINHO v
v Options
Using TriMesh Elevation (not resampling elevations)
Get elevations from Multiple DEM Boundaries
QGIS plugin will export Manning’s n data (normally slower than RiverFlow2D)
Using Manning N Raster Layer
Manning N Raster Layer RasterDAM10
V| Using Initial WSE Raster Layer
Initial WSE Raster Layer RasterDAM10 v
Rewrite .DAT file
Use external routine to sample cell elevations
OK Cancel
Parameters for the Export to RiverFlow2D dialog.
7. Click OK.

13.10 Configure final model parameters in the Hydronia

Data Input Program (DIP).

Once the model files have been created, the Hydronia Data Input Program will appear automatically
with the main control data file loaded, in this case: ‘Brumadinho.DAT".
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13.10.1 Control Data Panel

The following parameters will need to be changed as indicated:

1. In the Control Data panel under the Time control data section, Set the Output interval (hrs.):

to 0.01.

2. In the Modules section click the Mud/Tailings Flow radial button.

*Optional® If you have an nVidia graphics card installed on the system, you can enable the
RiverFlow2D GPU under the Model Selection section to accelerate the computation speed for

the simulation.

The Control Data panel should look like the following:

Q‘, Hydronia Data Input Program - C:\Users\PC\Documents\RiverFlow2D_QGIS\ExampleProjects\BrumadinhoRF2D_\Brumadinho

Control Data

- Modules
Sediment Transport
Pollutant Transport
Mud/Tailings Flow
Oil Spill on Land
Oil Spill on Water
Plastic/Particle Transporl
Water Quality
Urban Drainage EPA-SW

=- Components
Rairfall/Evaporation
Culverts
Bridge Piers
Open Boundary Conditior
Sources and Sinks
Weirs
Intemal Rating Tables
Wind
Bridges
Gates
Infiltration
Dam Breach
Bridge Scour
Dam Breach New

=J- Output
Graphic Output Options
Profile Output
Cross Section Output
Observation Points

Open Al Files Save Al Files

- X
Control Data
= oA Time control data Modules Output options
pen A ( .
Simulation time (rs.): 2 D Sedment Transport O Oi Spil on Land () Automatic close of model windows
Save DAT O Poliutant Transport () Oil Spill on Water
Output interval (rs): 0.01 O Mud/Taiings Flow O Water Qualty @ Output maimu fes
Ouptirterval 9 O Plastic/Patice Transpott O None o e
for companents ) () Urban Drainage EPASWMM () Output resuts for cross sections
Components () Output results for profiles
Courant number (CFL): 1 () Rainfall/Evaporation () Weirs [0 Output resutts at observation points
O Hot start () Bridge piers [ Wind () Compute mass balance every
(O Culvets O Bidges — oulput interval
(m] | les () Gates Depth for amival
Computation control data L) nteml ating tables O bioaion time calculation gn) 0.0000 [
Manning's nfactor: 1 ‘:‘ Brdge scour
() Manning’s n variable with depth o Initial condtions
Minimum depth for dry bed: -1 )
O Drybed
Eng
Mods! Selection e © Read intial water elevs. from FED fie
© Riverflow2D GPU DIP Language:  English O Horizontal water surface elevation
QO Riverflow2D CPU Parallel computation
GPU card (]

Data file origin: QGIS

NVIDIA GeForce GTX 1080 Ti

Run RiverFlow2D

Bt @ wwwhydronia con

About Hydronia RiverFlow2D

Hydronia Data Input Program window with Control Data parameters for the tailings dam break

tutorial.

3. Click the Save .DAT button. Click Save again in the dialog box and click Yes to replace the

existing file.

13.10.2 Mud/Tailings Flow Panel

The Mud/Tailings Flow module needs to be configured with the tailings properties and other rheo-
logical parameters. Please do the following:

1. Click on the Mud/Tailings Flow on the left side panel to activate it.

2. In the Mud/Tailings Flow panel, click the Open .MUD button.

3. A dialog will appear asking for a file ending with the *.MUD’ extension. Browse for the file
\ExampleProjects\BrumadinhoRF2D\base\brumDam.MUD’ and click Open.

You will now see that the panel has changed most of the parameters. More importantly, the
Variable properties-Erosion-Deposition Model has been enabled, and there are six sediment
classes loaded. Take some time to familiarize yourself with the parameters.
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The parameters that have been loaded need to be saved with the same name as the project
name so that the model will use it upon execution.

4. Click the Save .MUD button and the Scenario name ‘base.MUD’ should already be set. Click
Save.

The Mud/Tailings Flow panel should look like the following:

o Hydronia Data Input Program - C:\Users\PC\Docu ts\RiverFlow2D_QGIS\ExampleProj linhoRF2D_! ik = X
Control Data Mud/Tailings Flow
= Modules
Sediment Transport .
Pollutant Transport Open MUD Save MUD O Constant properties Model € Variable properties-Erosion-Depostion Model
Mud/Taiings Flow
0il Spil on Land Basal stabity _ Cvto evaluate constart | ¢
fp)ll\a :T‘;:,:Zg:?,mwm Flow resistance relation | Simplfied Bingham v angle (degrees) > Viscostty and Yield Stress
ic/Parti
- ¥ H Bk
Water Qualty O Bed Fraction Evolution HerchelBuldey SRR
Urban Drainage EPA-SW\
- Components Formula to calculate Viscosity from Cv. Fomula to calculate Yield Stress from Cv:
Rainfall/Evaporation v v
Culverts
B:»‘dvge - Viscosty calculation | Table v Yield stress calculation Table v
Open Boundary Condtior
Sources and Sinks
Weirs
Intemal Rating Tables
s Equilbrium concentration formula | Wu (2008) v Add Sediment || il Cass1  Class2  Class3
g";::’ Setting Velocly Fonma Remove [ S M{C YA B 27000 27000 | 78740
Inftration Type | Zhang (1961) v ELLCCSL M izl Volume Concentr. (Cv) U1 0.0 0.0
Dam Breach Class Diameter (m) 0.0004 |0.000075 |0.000075
Bridge Scour .
Dam Breach New Bed Material Porosity (Pp) 0.35 045 045

- Output
Graphic Output Options

Profile Output s Toad
Cross Section Output Viscosty Viscosty (Pa-s) Yield Stress
|

Observation Points L Table @ Table

Yield stress (Pa)

OpenAlFles  Save AlFles  Run RiverFlow2D Ext @ wwwhydronia com About Hycronia RiverFlow2D

Hydronia Data Input Program window with Mud/Tailings Flow parameters for the Brumadinho
Tutorial.

13.10.3 Providing the Viscosity and Yield Stress data for
Variable properties-Erosion-Deposition Model

When selecting to use the Variable properties-Erosion-Deposition Model in this tutorial, data
tables for the volume concentrations relationship with Viscosity and Yield Stress need to be
provided. These files are already prepared for this tutorial, and must be copied into the Sce-
nario folder as follows:

1. InFile Explorer browse to the location of the project folder \ExampleProjects\BrumadinhoRF2D\
2. Select the following files from the folder: YieldStressVsCv3.txt, ViscosityVsCv3.txt’
3. Copy the files into the Scenario folder ‘\ExampleProjects\BrumadinhoRF2D\base\

13.10.4 Updating the Inflow Boundary Condition File

It is critical to update the Open Boundary Conditions data file with additional columns of data
that represent the new sediment classes. By default this file contains a table of time and
discharges, but the model requires for all inflow conditions the volume concentration for each
sediment or material class. In case of water flow, all concentrations must be set to 1. To
update it do the following:
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5. Click on the Open Boundary Conditions under Components in the side panel of the Hydronia
Data Input Program.

6. Click on the cell in the first table that contains the ‘inlet1.QVT’ variable:

- BC Type File
n Rating Table (WSE vs Discharge) (BCType 9) inlet1QUT
2 Free Outflow (BCType 11) (No File)

Section containing table with Boundary Conditions set for this run.

Upon clicking the cell, a dialog box should appear that will allow us to automatically update the
existing data table in the ‘inlet1.QVT file with the additional rows needed, and setting each to
0:

RiverFlow2D

To avoid model errors, boundary condition of BCType 6
(Discharge vs Time) in file ‘inlet1.QVT" must have 6
concentrations, equal to the number of fractions in the
Mud/Tailings flow module,

Would you like to add 6 column(s) to the boundary
conditions table?

(Changes will also be saved to file 'inlet1.QVT")

Dialog for correcting the Boundary Conditions file automatically.

7. Click Yes to update the ‘inlet1.QVT file.

You can verify the contents have been updated by scrolling to the right in the file contents sec-
tion or by opening the “\ExampleProjects\BrumadinhoRF2D\base\inlet1.QVT’ file in Windows
Explorer. Your Inlet1.QVT file should look like the following figure:

B inletrqur

File Edit View

2
]
1000  4500.6 ©

Contents of the updated Inlet1.QVT file.

13.11 Running the model

The simulation is now ready to run. Proceed as follows:

1. Click on Control Data in the side panel of the DIP and then click the Run RiverFlow2D button
at the bottom.
2. The DIP will ask to save changes to the .DAT file, click No.

A few windows should appear, the last one will be the graphical model windows that displays
the status of the model. When the model is finished running, it should look as follows:
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& RiverFlow2D MT GPU (Build: Feb 12 2024)

Simulation Status 727.00

Topography (m) 984.13 | 0.00 Water Depth (m) 24.83
e —— "

Warnings

Discharge (m

Progress
| Pause I ‘ Close ‘

RiverFlow2D model execution window.

3. Click Close and let the program finish writing the remaining output files.

13.12 Generating maps for the Mud/Tailings Flow
module

Once the model has finished running we can create maps for various outputs. This tutorial will focus
on some of the specific maps that can be generated once the Mud/Tailings module with variable
properties-erosion deposition enabled.

1. In QGIS, in the RiverFlow2D plugin toolbar, click on the drop down menu for Results vs Time
Maps and select Concentrations and Properties vs Time Maps
c?E N 'h . QTE .
‘%7 Results vs Time Maps

‘¥ Maximum Result Maps
“}% Time-to-Depth Maps
“ig Hazard Intensity Maps

¥ Concentrations and Properties vs Time Maps

'E Hydro-Economic Evaluation of Flood Map

Concentrations and Properties vs Time button in RiverFlow2D Plugin toolbar.

The Concentrations and Properties vs Time Maps window will provide maps for each Sediment
class, labeled Conc_# under the Maps subsection. Users can also create maps for each of
the variables in the list.

2. Select one of the Maps, then select an Output Times of interest. You can hold Control key
while clicking on multiple Maps and / or Output Times.
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3. Once all outputs of interest are selected, click on the Right Arrow button |~ to move them to
the Output Maps subsection.

' Concentrations and Properties vs Time Maps X

Q RiverFlow2D

Concentrations and Properties vs Time Maps

File : 2D/BrumadinhoRF2DFinal\base\base.mud

Maps Output Times Output Maps

Conc_1 0000:01:49:48 -~ Conc_1_0000:02:00:00
Conc_2 0000:01:50:24

Conc_3 0000:01:51:00

Conc_4 0000:01:51:36

Conc_5 0000:01:52:12

Conc_6 0000:01:52:48

Conc_Total 0000:01:53:24

Density 0000:01:54:00 >

Viscosity 0000:01:54:36

YieldStress 0000:01:55:12 <-

Hdep 0000:01:55:48

Fraction_bed_1 0000:01:56:24

Fraction_bed_2 0000:01:57:00

Fraction_bed_3 0000:01:57:36

Fraction_bed 4 0000:01:58:12

Fraction_bed 5 0000:01:58:48

Fraction_bed_6 0000:01:59:24

D50 0000:02:00:00

v/ Cell Maps Raster Maps Resolution for raster map 10 OK Cancel

Concentrations and Properties vs Time Maps window.

4. Click the OK button to generate the maps.

The Layers panel on the left side will have a group named OUTPUT RESULTS where the
resultant map or maps will be placed.
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Figure 13.3 — Results map of Conc_1 at hour 2.

Repeat these steps to create maps for each of the concentrations if desired.

13.13 Generating animations for the Mud/Tailings Flow
module

An animation can best illustrate the mud / tailings flow over time. This section will show how to
generate results for the specific variable properties-erosion deposition enabled model outputs.

On the QGIS Project menu, click Save, to save the project in the same directory that you previ-
ously selected in the Create New Project dialog above. This is required for the Animations panel to
function.

.Q
1. Start by activating the Animations panel in the RiverFlow2D plugins toolbar E:E

A panel will appear below the Layers panel on the bottom left.
2. Click on the Select layer drop-down menu and select Mud/Tailings Flow.

3. Click Add Layer. A dialog box will appear asking for the specific Animation we would like to
create:

() RF2D Animation X

Al

Mud/Tailings Flow :
|Conc_1 v |

| 0K | Cancel \
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RF2D Animation dialog window.

4. Click on the drop-down menu to see the available outputs. They will be the same as the ones
from Concentrations and Properties vs Time Maps plugin.

5. Choose any of these and click OK.

6. Select the output range desired, or just leave the default for the entire range of output intervals.
Click OK

There is a status bar underneath the Select layer drop-down showing the progress of the
animation generation. When it is finished, the layer previous choice of animation will appear
in the box underneath the status bar.

RiverFlow2D Anirmation [E5]

-

Select layer - Add Layer

Conc_1 «

Delete Layer
Output Time
0000:00:00:00 B
Renderer Style
|< << = ES 1l
Speed |1 |3

Export Shape | | Export Image Export Video

RF2D Animation panel indicating the status bar and generated animation layer.

7. Click and hold to drag the newly created ANIMATION group in the Layers panel and move it
above the Raster layers so that the animation will be visible.

8. Click on the layer that was generated in the RiverFlow2D Animation panel then click the Play
button -  to view the animation.
Repeat these steps to create animations for each of the concentrations if desired.

This concludes the tutorial for Simulating tailings dam Failures utilizing the Mud/Tailings Flow module
in RiverFlow2D.
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RiverFlow2D contains the Pollutant Transport module that simulates the movement and transfor-
mation of pollutants in a water body. It can account for various processes that affect the fate of
pollutants, such as:

Dissolved substance transport (Solutes)

Advection-Dispersion-Reaction
» Thermal analysis

» Decay over time

Multiple pollutants

» Reaction rates between pollutants

In this tutorial we will go through the step-by-step process of creating a simple scenario with pollu-
tants on the Magdalena River in Columbia to show how the model is used to solve these types of
cases. In this tutorial we will:

1. Open an existing RiverFlow2D project.

2. Create a scenario for a single pollutant.

3. Create an Initial Concentrations layer.

4. Enter pollutant data.

5. Generate the mesh and Export the files to RiverFlow2D.
6. Run the RiverFlow2D model.

7. Review the output files.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under the
‘SimulatingPollutants’ folder. This zip file is downloaded separately from your installation materials.
Please refer to the RiverFlow2D Reference Manual for additional specifications and requirements
to run the Pollutant Transport model.

137
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14.1 Create a scenario to model a single pollutant as an
initial condition

There are a few layers involved with handling the introduction of pollutants in the areas of interest,
depending on the conditions that will be simulated. For this section, we will create a scenario named
SinglePollutant that will showcase a an existing pollutant that is already present initially and is part
of the discharge of the river. The water body will be utilizing an Initial Concentrations layer to have
the desired concentration for the same pollutant present.

1. In QGIS, in the File menu click Open. Browse to the tutorial folder and select the ‘Simulating-
Pollutants.qgz’ project and click [OK].

2. In the RiverFlow2D toolbar click on the New Project button and select New Scenario:

% b~ e e -
] New RiverFlow2D Project

i New Scenario

] Delete Scenario

New Scenario button location.

3. Type “SinglePollutant” without quotes as your new scenario name. A copy of the current project
will be made and kept in a separate subfolder named “SinglePollutant”

¢ RierFlowzp

Add New Scenario to RiverFlow Project

New Scenario Name : |SinglePollutant]

" OK ‘ Cancel

New Scenario input dialog window.

14.2 Create an Initial Concentrations layer.

1. In the RiverFlow2D toolbar, click on the dropdown button for RF2D tools and click New Tem-
plate Layer:

S - - S . )
e 4 4 4 Vg p— @
ORI AYHEBY

New Template Layer

New Template Layer button location.



139

14. Simulating Pollutant Transport

2.

3.

4. Click on the Select Feature by Area or Single Click =r Y button, then click inside of the

In the Add Layer Template dialog window, select the InitialConcentrationsPollutant checkbox

and click [OK].

1 Add Layer Template X

¢ RiverFlowzp

Add Template Layer to RiverFlow Project

‘Components Mesh

Manning N Manning Nz

Initial WSE Bridges

MaximumErosionDepth Gates

Infiltration Culverts

RainEvap Weirs

Wind DamBreach

CrossSections Source/Sink

Profiles ObservationPoints

InitialConcentrations V| InitialConcentrationsPollutant

Piers Abutments

StormDrain StormDrainPolygon

Initial Bed Fractions ParticleTransport

HEEF Builds LandSlides

Internal Rating Table

0K Cancel

Add Layer Template window with InitialConcentrationsPollutant selected.

A new layer should appear in the Layers panel on the left-hand side:
Layers = #®
61@@’.?-8.&'11ﬂ
v D Domain Outline
v D Boundary Conditions
v l_@ MESH_SPATIAL_DATA

v D Manning N
v || [l COMPONENTS

InitialConcentrationsPollutant
v L@ OUTPUT_CONTROL
v l_@ OUTPUT_RESULTS
v
v

=" Magdalena
& Google Satellite

Layers panel with InitialConcentrationsPollutant selected.

We need to create a polygon in the Initial Concentrations layer that covers all of the river. We
can utilize the Domain Outline layer and copy the same polygon into our newly created layer.

Select the Domain Outline layer in the Layers panel.

—

Domain Outline polygon in the map area to highlight it:
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Map area with Initial Concentrations selected.

B

. Click the Copy Features D button from the QGIS toolbar.

Select the Initial Concentrations layer in the Layers panel and click on the Toggle Editing é/
button to put the layer in edit mode.

Click the Paste Features button.

14.3 Enter pollutant data.

1.

Right-click the InitialConcentrationsPollutant layer in the Layers panel and select Open At-
tribute Table.

In the InitialConcentrationsPollutant features window, click on the [Browse] button for the Initial
Concen field.

In the project folder, browse into the project folder and select ‘InitialConcentration.txt’, copy it,
then go back to the main project folder and browse to the SinglePollutant folder and paste it
there. Click on the file again and click [Open].

Close the InitialConcentrationsPollutant Features dialog window.

Click the Save Layer Edits Pﬂ‘ button then click the Toggle Editing W// button.
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14.4 Generate the mesh and Export to RiverFlow2D

‘i
1. Generate the mesh by clicking on the Generate TriMesh with elevations I button in the
Generate TriMesh menu:

TR B B EBEA v
“Ix] Generate TriMesh

4 Generate TriMesh with elevations

Generate Trimesh with Elevations menu location.

Ensure that the “Magdalena” DEM is selected in the Raster Layer List dropdown.

2. Export the project to RiverFlow2D by clicking the Export RiverFlow2D button in the RF2D
toolbar.

3. You will be presented with the Export Files to RiverFlow2D dialog. Leave all parameters as
they are and click [OK].

“BARiverFlow2D X

¢ RiverFlowzD

Export Files to RiverFlow2D

Project Directory E:/Tutorials/RF2D/SimulatingPollutantsFinal\SinglePollutant
Scenario Name SinglePollutant

DEM (Single Raster)
P Options

OK Cancel

Export Files to RiverFlow2D dialog window.

We want to start the model with a body of water present in the river channel. Since this area
is below sea level, we will set a horizontal water surface elevation to provide water below that
level in the DIP.

4. The Hydronia Data Input Program will open. Under Modules select the Pollutant Transport
radio button. Under Initial conditions section, click the Horizontal water surface elevation radio
button, leaving it at 0 then and click on Pollutant Transport on the left side panel:
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1‘. Hydronia Data Input Program - - X
Control Data Control Data

= Modules

gedmem TTransoon Time control data Modules Output options

ollutant Transport Open DAT ~ A -
Mud/Taiings Flow Simulation time (vs.): 2 ; :e:::e:TTEWT O z': ::: on Lv:nd () Automatic close of model windows
0il Spill on Land Save DAT olitant Transpot () Oi Spill on Water
O Spil on Water Output interval (rs.): 0.1 © Mud/Tailngs Flow ) Water Qualty 0.5t mmamm s
Plastic/Particle Transpor Outputinterval o 00 © Plastic/Paticle Transpott () None 0 Output hazard fle
vutm g:am oen for components (hrs): () Utban Drainage EPA-SWMM () Output results for cross sections

an Drainage % —

& Components Componerts () Output results for profiles
Rairfall/Evaporation Courart number (CFL): 1 () Rainfal/Evaporation () Weirs (0 Output resuts at observation points
gﬂ”:e“; O Hotstat () Bridge piers O Wind () Compute mass balance every

WS e O Culverts () Bidges output interval
Open Boundary Conditior M O Gat Depth f |
Sources and Sinks Computation cortrol data [J Intemal rating tables es for amival TR
Weirs [ Dam Breach (] Ifitration S ), =
Intemal Rating Tables _ Mamingsnfactor: 1| gouces/Sinks () Bridge scour
Wind [J Manning’s n variable with depth Muliple Sources batch un Initial conditions
Bridges Minimun depth for cry bed: -1 )
Gates — O Drybed

Met English ~
gﬂm;t;angn Moddl Selection e Lo O Readinttial water elevs. from FED fie
e Scour e =

Dam Breach O Riverflow2D GPU DIP Language:  Engiish © Horizontal water surface elevation

& Output O Riverflow2D CPU Parallel computation 0
Graphic Output Options
Profile Output Data file origin: GGIS N oo 9
Cross Section Output 2 v
Observation Points
Tools

Open AlFles  Save Ml Fies | Run RiverFlow2D Exit @ e hydronia com About Hycronia RiverFlow2D

Hydronia Data Input Program dialog window.

5. In the Name section double click in the empty cell and write Pollutant1, then set the P71 column
value for the row to 0.

The Pollutant Transport panel allows the user to control Dispersion coefficients for all pollu-
tants, as well as define the decay rate for each pollutant. We want to set the decay rate to 0
and leave the rest as default.

43 Hydronia Data Input Program -

Control Data

& Modules

Sediment Transport
Polltant Transport
Mud/Taiings Flow

il Spill on Land

il Sl on Water
Plastic/Particle Transport
Water Quaty

Utban Drainage EPA-SWA
=) Components
Rainfall/Evaporation
Cuiverts

Bidge Piers

Open Boundary Conditior
Sources and Sinks
Wers

Irtemal Rating Tables
Wind

Bridges

Gates

Infitration

Bridge Scour

Dam Breach

- Output

Graphic Output Options

Profile Output

Cross Section Output

Observation Points
Tools

Poltant Transport

Open .SOLUTES

Save SOLUTES

Name

Polltant

Dispersion coefficients
Longtudinal dispersion coefficient m2/s) 1

Transversal dispersion coefficient (m2/s) 0.01

Open AllFles  Save All Fies

Run Riverflow2D Ext

Pollutant Transport panel.

@ o hydronia con

About Hydronia Riverlow2D

6. Click on the [Save .SOLUTES] button, it will use the name of the scenario ‘A.SOLUTES'. Click
[OK] to save the file.

14.5 Review Boundary Condition Panel for Pollutant

Inflow

The pollutant we have specified will be arriving via the inflow boundary condition that was present
in the base tutorial files.
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The pollutant concentration units are arbitrary. Your can use volume concentration Cv (fraction of

1), mg/l, ppt, ppm, or any other suitable units, provided that the inflow boundary conditions are
consistent.

You can view the boundary conditions file to see the additional column that is required, noting the
additional column present in the ‘QIN2.DAT file:

1. Click on the Open Boundary Conditions panel on the left-hand side.

Control Data Open Boundary Condtions

Open .OBCP / OBC BC Typ File

1 Discharge vs Time (BCType 6) QIN2DAT )
2 Uniform Flow Outflow (BCType 12) UNIF_00002.DATP

Cells in Boundary Group 1 QIN2.DAT

Discharge vs Time (BCType 6)

Time () Discharge (n3/s)

- Cel o 8000 30

I C— w oo

2 6 2 8000 fat
3 170

4 169 Load
5 168

6

Boundary Conditions panel.

2. Switch back to the Control Data panel and click [Save .DAT]. Replace the existing ‘SinglePol-
lutant.dat’ file to save the changes made earlier.

3. Click [Run RiverFlow2D] to execute the model.

14.6 Review the output files

The output maps for pollutants will show us the concentrations over the model domain. We will use
the Concentrations and Properties vs. Time Maps tool to generate them.

S
)
1. In QGIS, Click on the 'ﬂ button and select Concentrations and Properties vs. Time Maps.

2. in the Concentrations and Properties vs. Time Maps dialog window, click the [. . .] button and
select the ‘A.SOLUTES’ file and click [OK].

3. Select Conc_1 under Maps, then select the last output time, then click the [—] button to make
the selection. You may also hold the control key and select multiple output times. Click [OK]
when ready.
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"M Concentrations and Properties vs Time Maps X

Q" RiverFlowzD

Concentrations and Properties vs Time Maps
File : SimulatingPollutantsFinal/A/A.SOLUTES

Maps Output Times Output Maps
Conc_1 0000:00:12:00 -~ Conc_1_0000:02:00:00
0000:00:18:00
0000:00:24:00
0000:00:30:00
0000:00:36:00
0000:00:42:00
0000:00:48:00
0000:00:54:00
0000:01:00:00
0000:01:06:00 —
0000:01:12:00
0000:01:18:00
0000:01:24:00
0000:01:30:00
0000:01:36:00
0000:01:42:00
0000:01:48:00
0000:01:54:00
0000:02:00:00

v

V| Cell Maps Raster Maps Resolution for raster map | 10 OK Cancel

Concentrations and Properties vs Time Maps dialog window.

Output map for Pollutant 1.
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14.7 Create a second scenario for adding a new
pollutant source under existing conditions

We will now create a new scenario to test having an additional separate pollutant enter the river from
a specific point by utilizing a Sources/Sink layer.

1. In the RiverFlow2D toolbar click on the New Project button and select New Scenatrio:

c‘l.zlvo‘z]vt‘mvﬂmvﬁhcc' base v
] New RiverFlow2D Project

i@ New Scenario

] Delete Scenario

New Scenatrio button location.

2. type “MultiplePollutant” without quotes as your new scenario name. A copy of the current
project will be made and kept in a separate subfolder named “MultiplePollutant”

3. In the RiverFlow2D toolbar, click on the dropdown button for RF2D tools and click New Tem-
plate Layer:

& % <« < O
FIHY MY @AY S 5]

New Template Layer

New Template Layer button location.

4. In the Add Layer Template dialog window, select the Source/Sink checkbox and click [OK].
‘7] Add Layer Template X

¢ RiverFlowzp

Add Template Layer to RiverFlow Project

Components Mesh

Manning N Manning Nz

Initial WSE Bridges
MaximumErosionDepth Gates

Infiltration Culverts

RainEvap Weirs

Wind DamBreach
CrossSections v | Source/Sink
Profiles ObservationPoints
Internal Rating Table Initial Concentrations
Piers Abutments
StormDrain StormDrainPolygon
Initial Bed Fractions ParticleTransport
HEEF Builds LandSlides

‘ OK ‘Cancel
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Add Layer Template window with Sources/Sink selected.

A new Sources layer will appear on the lefthand Layers panel, under the COMPONENTS
group.

5. Select the Sources layer and click the Toggle Editing g/ button.

We want to place the second pollutant in the middle of the river, ideally somewhere away from
our inflow.

0o
o

6. Click the Add Point Feature

7. Place the point by clicking on the desired location. A dialog window will appear to enter the
source information:

L&

General | Data
Source/Sink (ID) : |SOURCE_1

Source/Sink type : 1.Discharge vs Time v

OK | Cancel

Sources -Feature Attributes General tab.

8. Select 1.Discharge vs Time under Source/Sink type. Click the Data tab.
Your sources file has to exist in the MultiplePollutant folder, we must copy the one created for

this tutorial into the current scenario folder.

9. Browse by clicking the [Import Source/Sink File] button. Browse to the project base scenario
directory at /SimulatingPollutants/base’ and copy the ‘Source2_Pollutant.ixt’ file.

10. Browse back to the current scenario folder in ‘SimulatingPollutants/MultiplePollutant’. Paste
the copied file into this directory. Select the copied file ‘Source2_Pollutant.txt’ then click [OK]
twice to save the Sources information.

11. Click the Save Layer Edits [_\.Q‘ button then click the Toggle Editing g/ button.

12. Export the project to RiverFlow2D by clicking the Export RiverFlow2D button in the RF2D
toolbar. Leave all default values.
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14.8 Adding required multiple pollutants concentrations
information

This section will explain how to edit inflows and initial concentrations needed in the current Scenario
B in order to run the simulation with multiple pollutants.

We need to copy the ‘InitialConcentration.txt’ file from our project folder into our current scenario:

1. In File Explorer, browse to the ‘ExampleProjects/SimulatingPollutants/” and copy the ‘Initial-
Concentration.txt’ file.

2. Browse to ‘ExampleProjects/SimulatingPollutants/MultiplePollutant’ and paste the file.

3. Double-click the ‘InitialConcentration.ixt’ to edit the contents in Notepad.
This file needs to contain a second column indicating there is a second pollutant, with 0 con-

centration. You can set this to be any concentration

4. Add a 0 next to the current one, they can be separated by a space or tab. It should look like
this:

= InitialConcentration.txt (] +

File  Edit  View @&

:

Ln1, Col 4 100% Windows (CRLF) UTF-8

InitialConcentrations.txt file with edits.
5. Save the file and close it.
6. In File Explorer, double-click on ‘QIN2.txt’ to edit it in Notepad.

7. Add a fourth column of data starting on the second row. We will set the inflow for this pollutant
to 0 since we only want one pollutant entering the through the inflow boundary condition:
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E  QIN2.DAT x +

File  Edit  View 3

3

(2] 8000 30
1 8000 30
2 8000 30

o000

Ln1, Col1 100% Windows (CRLF) UTF-8

Boundary Condition inflow file with additional pollutant inflow set to O.

14.9 Add the new pollutant parameters in the Hydronia
Data Input Program then Run the RiverFlow2D
model

Before running the model we will need to ensure that some additional settings are saved.

1. In the Control Data panel under the Modules section, ensure that Pollutant Transport is en-
abled.

2. In the Components section, ensure that Sources/Sinks is enabled.

3. Under Initial conditions, ensure that the Horizontal water surface elevation radial button is
enabled and has a 0 value, then and click on Pollutant Transport on the left side panel.

We need to add our second pollutant information.
4. Under the Name section below Pollutant1, then create an additional pollutant by double-

clicking in the empty row and set the P2 column value for the second row to 0. Your Pollutant
Transport panel should look as follows:
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Control Data Pollutant Transport
=) Modules
Sediment Transport
Pollutant Transport en SOLUTES
Mud/Tailngs Flow > Dispersion coefficients
Qil Spill on Land Save .SOLUTES Longitudinal dispersion coefficient (m2/s) 1
Oil Spill on Water T
Plastic/Particle Transporl Transversal dispersion coefficient m2/s) 0.01
Water Quality
Urban Drainage EPA-SW
=~ Components Name In P1 P2
Rairtfall/Evaporation
Culverts Pollutant1 @ P 00
Bidge Piers Pollutant? @P2 00 [0
Open Boundary Conditior
Sources and Sinks
Weirs
Intemal Rating Tables
Wind
Bridges
Gates
Infiltration
Bridge Scour
Dam Breach
= Output
Graphic Output Options
Profile Output
Cross Section Output
Observation Points
Tools

Open AlFles  Save AlFles = Run RiverFlow2D Ext © wwwhydronia com About Hycronia RiverFlow2D

Pollutant Transport panel with two pollutants set.

5. Click on the [Save .SOLUTES] button, it will use the name of the scenario ‘MultiplePollu-
tant. SOLUTES'. Click [OK] to overwrite the existing file.

6. Click on the Sources and Sinks button on the left side panel.

7. Click [Open .SOURCES]. Select the ‘MultiplePollutant. SOURCES’ file. You should see the
table for the new pollutant source discharge on the 4th column.

Control Data Sources/Sinks

(- Modules
Sediment Transport
Poliutant Transport Open .SOURCES Type File Name X Y
Mud/Tailings Flow

Oil Spill on Land Save SOURCES SOURCE_1 1 Source2_Pollutant txt 923481.172 | 1709938

Qil Spill on Water Source2_Pollutant txt
Plastic/Particle Transport

Water Quality
Urban Drainage EPA-SW el e

& Comprs I
Rainfall/Evaporation
Culverts g =
Bridge Piers
Open Boundary Conditior
Weirs
Intemal Rating Tables
Wind
Bridges
Gates
Infittration
Bridge Scour
Dam Breach

= Output
Graphic Output Options
Profile Output
Cross Section Output
Observation Points
Tools

OpenAlFies  Save AlFles  Run Riverflow2D Ext @ vwwhdronia com About Hydronia Riverflow2D

Sources and Sinks panel with new pollutant source added.

8. Click on Control Data on the left side panel.

The Control Data panel should have the following parameters set:



14.9 Add the new pollutant parameters in the Hydronia Data Input Program then Run the

RiverFlow2D model 150
Control Data
- Modules
ﬁedlmemT'l'rmsvon Time control data Modules Output options
ollutant Transport Open .DAT ¢ C S
Mud/Tailings Flow Simulation time (hrs): 2 g Sedment Transpot \'J o e ([J Automatic close of model windows
0l Spill on Land Save DAT ) Poltart Transpot ) Ol Spill on Water B
Oi Spill on Water Ouputinterval fa): 0.1 | O MudrTaiings Flow O Water Qualty ! I —
Plastic/Particle Transport Outputinterval 1 09 O Plastic/Patticle Transpot ) None [ Output hazard file
Water Qualty for components (hrs) () Urban Drainage EPA-SWMM [0) Output results for cross sections
Urban Drainage EPA-SA - -

- Components Components () Output resuits for profiles
Rainfall/Evaporation Courant number (CFL): 1 (O Rainfal/Evaporation () Weirs (D) Output resuts at observation points
e () Hot start (O Bridge piers O Wind () Compute mass balance every
Bridge Piers = O Cubvets O Bidges U output interval
Open Boundary Condior - = o ava
Sources and Sirks Compuation cortrol data Q) lntemal atingtables ) Gates joulation (m) [0.0000 =
Wers () Dam Breach O ifiration ime calcuiation ) =
Intemal Rating Tables Manring'snfackor: 1 @ Sources/Sinks (O Bidge scour
Wind () Manning's n variable with depth () Mutiple Sources batch run Initial conditions
Bidges Minimum depth for iy bed: -1 -

Gates — O Drybed

Inftrat Met Engish -

et Model Selection " < O Read intial water elevs. from FED fil
Dam Breach O RiverFlow2D GPU DIP Language:  English v © Horizontal water surface elevation

= Output © RiverFlow2D CPU Parallel computation 0

Graphic Output Options . (7]
Profile Output Data file origin: QGIS Hinhscd come:
Cross Section Output 4~
Observation Points
Tools
Open Al Fles  Save Al Fles | Run RiverFow2D Ext @ wwwhydronia com About Hycronia RiverFlow2D

Hydronia Data Input Program with Scenario B settings.

9. Click [Run RiverFlow2D]. When asked to save, click [Yes] to overwrite the MultiplePollutant. DAT
file with the changes made in the Hydronia Data Input Program.

Once the model is finished running, you can follow the same steps outlined in the Review output
files section of this tutorial. You will notice there are two concentrations in the list. The output for the
new source Conc_2 should look something like this, depending on where you placed your source:

Figure 14.1 — Concentrations map for Conc_2 in scenario MultiplePollutant.

This concludes the tutorial for simulating pollutant transport with RiverFlow2D.
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15 | Wind driven circulation

RiverFlow2D and OilFlow2D allow defining wind velocity on the water surface to account for the
effect of the wind stress on the flow velocities. The conceptual model of a wind driven simulation
require a series of non-overlapping polygons that determine the wind velocity data to the model. Only
areas covered by polygons will be affected by the wind stress. Each wind velocity polygon should
be associated with a file containing a wind velocity time-series file containing the two components
of the wind velocity vector for each time. The user will need to generate the wind velocity data file
associated with each polygon, and copy them to the project folder, prior to running the model.

This tutorial illustrates how to perform a wind drive simulation using the QGIS interface. The proce-
dure includes the following steps:

1. Create time series data for wind speed.

2. Open an existing RiverFlow2D / OilFlow2D project.

3. Create the template of the wind layer and the wind speed polygons.
4. Generate the mesh.

5. Running the model.

6. Review wind output files.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘WindTutorial’ folder. This zip file is downloaded separately from your installation materials.

15.1 Open an existing project
1. Open QGIS

2. On the Project menu click Open... to load the existing project: ‘WindTutorial.qgz’.

This project contains the layers of the domain contour and the layer of the Digital Elevation Model
(DEM) of Lake Champlain in the USA. When the project is opened, a project image will be loaded
in QGIS as shown in Figure 15.1.
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X WindTutorial —QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DrERRY U2 HPP "R EBatLIOR
J

I I I S e -
Layers a@®
& 3 eV £ = g

v || Domain Outline

v || Boundary Conditions
v |V (@] MESH_SPATIAL DATA

V|| | ManningN

v (31 coMPONENTS

v @i OUTPUT_CONTROL

v (il oUTPUT RESULTS
» vV ¥ DEM

N-E-R-G% @E#IEH =
it T

SHEDAAENBNS

Q. Type to locate (Ctri+K) Pan distance 273.882 km (103.99661°E)

Figure 15.1 — Example of the tutorial loaded in QGIS.

15.2 Wind velocity time-series data file

To run a wind driven simulation you create polygons over which the wind velocity data will be applied.
Each polygon will have an associated velocity time series. These files can be created with any text
editor such as Notepad or Wordpad. The wind velocity file has the following format:

Line 1: Number of points in the time series of wind velocity

NP

NP lines containing:

TIME Wvx Wvy

where Wvx and Wvy, are the wind velocity components in x and y directions respectively in m/s or
ft/s.

The following table is an excerpt of the ‘WindVelocDATA.TXT’ file that is included in the Data folder
for this tutorial:

6544
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0 5.97 -2.17
1 5.09 8.83
2 3.84 6.63
3 5.87 4.92
4 0.00 0.00
5 -3.31 -1.90
6543 3.84 -6.63

15.3 Create the template for the wind layer and the wind
speed polygons

To add the template where the polygons are drawn with the wind speed time series data involves
the following steps:

1. Create the template for the Winds layer: In the model toolbar click on the New Template Layer
command

€@

‘\

2. In the plugin window, activate the Wind checkBox, as shown in the Figure below:

©@Add Layer Template ? X
hydrobid
~—F000"

Add Template Layer to HidroBID Flood Project

Components Mesh

Manning N |:| Manning Nz
[ 1nitial WSE [ Bridges
D MaximumErosionDepth |:| Gates
[ 1nfiltration [ culverts
[] RainEvap ] weirs
Wind [] pamBreach
[] crossSections [] source/sink
[ profiles [] observationPoints

[ 1nitial Concentrations

Plugin to add a New Template Layer.
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“F1 Add Layer Template X

Q‘, RiverFlow2D

Add Template Layer to RiverFlow Project

Components Mesh

Manning N Manning Nz
Initial WSE Bridges
MaximumErosionDepth Gates
Infiltration Culverts
RainEvap Weirs
V| Wind DamBreach
CrossSections Source/Sink
Profiles ObservationPoints
InitialConcentrations InitialConcentrationsPollutant
Piers Abutments
StormDrain StormDrainPolygon
Initial Bed Fractions ParticleTransport
HEEF Builds LandSlides
Internal Rating Table
OK Cancel

Plugin to add a New Template Layer.

3. Edit the Wind layer: In the layers panel, we select the Wind layer and in the digitalization

toolbar we click on the Toggle Editing tool é/ . A pencil icon will appear in the Wind layer,
indicating that the layer is in edit mode:

4 [J] [ifl COMPONENTS
/]

4. Draw the polygon that demarcates the Wind area: Using the Add Feature tool from the digi-
()
talization toolbar -
Draw the polygon that defines the wind area. In this case, the tracing of the polygon must be
done in such a way that it covers all the cells of the mesh. Once you finish drawing the polygon
a window to input the polygon parameters is immediately opens, which are three:
» Wind stress coefficient CD: 0.009,
* Air density: 1.225, and
» Wind speed time series File: ‘WindVelocDATA.ixt’.

The parameter window should be as shown below:

(.} Wind - Feature Attributes m] X

D 0.009
AIRDENSITY 1,225

WINDFILE base/WindVelocDATA .txt
OK Cancel
Window to input the Wind polygon parameters.

5. After input the values, click OK and accept the changes. There should be an image similar to
the one shown in the following figure:
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Generate the mesh
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15.4 Generate the mesh

Then the mesh is generated with the Generate TriMesh button

&

<

™

The results obtained as shown in Figure 15.6 (mesh of around 17,500 cells).

Layers Panel (-4

Y B T&E-FAL

I:‘ Domain Outline
O MeshDensitylLine
[1]"| Boundary Conditions
4[] [l MESH_SPATIAL_DATA
: Manning N
4 [ [l componENTS
B wind
[l oUTPUT_CONTROL
[l oUTPUT_RESULTS

B pem

3

KK

Layers Panel Browser Panel

Advanced Digitizing Panel F X
CAD tools are not enabled for the current
map tool

Wind layer polygon.
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Figure 15.2 — The resulting mesh.

15.5 Exporting files

Now that the mesh is generated and the other layers are ready with the necessary data, export the
files in the format required by the model.

1. Uncheck the Boundary Conditions layer.

2. Click on the Export button
@

S

™
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3. In the dialog, select the raster layer that contains the Digital Elevation Model (DEM) and the

name of the project to be exported.

4. Use the Zoom Full button g to center the image.

5. Before executing the plugin activate the DEM layer (if it is deactivated).

Once the plugin is executed, a window will be shown (Figure 10.6) as it should be for our
example.

@Esport to HeF

DEM (Single Raster)

» Options

rydrobig

flood
Export Files to HydroBID Flood

DEM

[ Get elevations from Mutiple DEM Boundaries

Project Name ~ RiverFlow2D_ QGIS\ExampleProjects\WindTutorialFinal\WindTutorial

Cancel

Plugin window to export the files to RiverFlow2D.

B2 RiverFlow2D

¢ RiverFlow2D

Export Files to RiverFlow2D

Project Directory

Scenario Name

base

DEM (Single Raster)

P Options

Plugin window to export the files.

6. Click on the OK button.

15.6 Running the model

E:/Tutorials/RF2D/WindTutorialFinal\base

OK

Cancel

X

After exporting the files, Hydronia Data Input Program is loaded with the project file from the ‘Wind-

Tutorial. DAT’ example and shows the Control Data panel.

1. Enter the information as illustrated in Figure 15.9
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Control Data Control Data
&) Modules
gc:‘i;ne: .I]'rdnsvn:‘n Time control data Modules Output options
ollutant Transpor Open DAT P
Mud/Taiings Flow Simulation time s ): 24 O Sedment Transpot O i Spil on Land (0 Automatic close of model windows
Oil Spil on Land Save DAT ) O Poliutart Transport (O Oil Spil on Water PP
Oil Spill on Water Outputinterval frs): 0.5 O Mud/Taiings Fow O Water Qualty ! s maxlmurT\ ies
Plastic/Patticle Transpor Output interval 5 O Plastic/Paticle Transport  © None ) Oupust hazard fle
Water Quality for components fws):  ——— ) Urban Drainage EPA-SWMM () Output results for cross sections
Urban Drainage EPA-S Version - -
= Components 00081304 Components [ Output resus for profies
Rairfall/Evaporation Courant number (CFL): 1 (O Rainfall/Evaporation () Weirs () Output resits at observation points
ek Fie Version 0 Bid Wind — Compute mass bal
Bridge Piers 202103 (O Hot start = Ige piers g qu: 0 u&ﬁ\ te mass bolance every
Open Boundary Conditior :I ulverts e iges ) |
Sources and Sinks Computation cortrol data [ intemal rating tables [ Gates Depth for amival 000 =
Wers ) Dam Breach O Inftration tme caloulation ) [ <
Intemal Rating Tables Db e dl [ Souces/Srks () Bidge scour
Wind [_) Manning’s n variable with depth Multiple Sources batch run Initial condttions
Bridges Minimum depth for dry bed: -1 .
Gates — O Dybed
Met Engiish -
g;"f;"‘;’;qw Model Selection tetne o O Readintial water elevs. from FED fie
Dam Breach O Riverflow2D GPU DIP Language:  English i © Horizontal water surface elevation
= Output © RiverFlow2D CPU Parallel computation 0
Graphic Output Options (7]
Profie Output Data fie orign: QGIS Ll LG
Cross Section Output 24 v
Observation Points
Tools
Open Al Files | Save Al Files Run RiverFlow2D Exit @ wwwivdroria com About Hydronia RiverFlow2D

Hydronia Data Input Program Control data panel.

2. Verify that the Wind component is selected.

3. Select the Wind component from list in the left side of the panel. The window with the infor-
mation of the wind parameters will appear as can be seen in the figure below:

Control Data Wind
& Modules
Sediment Transport
Polltant Transport Open WIND
Mud/Tailings Flow CD fnm):  0.009
0il Spill on Land Save WIND =
Ol Spill on Water Air Densty kg/m3): 1225 WiiVebocDATAI
Plastic/Particle Transport U (m/s) Uy (m/s)
Water Qualty |
Urban Drainage EPA-SW Wind Speed File
= Components 1 509 883
Rairfall/Evaporation NI
Culverts 2 384 663
Bridge Piers 3 587 492
Open Boundary Condtior
4
Sources and Sinks 0.00 0.00
Weirs 5 331 -1.90
Intemal Rating Tables 3 066 377
=
Brdges 000 000
Gates 8 384 000
Infiltration 9 0.00 0.00
Bridge Scour
Dam Breach 10 131 751
= Output n 0.00 1020
Graphic Output Options -
1
Profile Output 2 000 764
Cross Section Output 13 000 392
Observation Points 14 0.00 1020
Tool
008 15 479 1316
Open AlFies  Save AlFles  Run Riverflow2D Ext @ wwwhydronia con About Hydronia RiverFlow2D

Hydronia Data Input Program Wind panel.

4. Verify that the simulation time is set to 24 hours and the output interval is set to 0.5 hours.

5. Verify that the Initial conditions is set to Horizontal water surface elevation and 0 on the text
box. Leave all other parameters at their default values.

6. Click on the Run RiverFlow2D button in the lower section of Hydronia Data Input Program.

7. Save the changes with the same name as the ‘base.DAT’ file, then a window will appear
indicating that the model started running.

The model window that appears during the run model shows several runtime parameters.
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2 RiverFlow2D Plus S [m] X

Simulation Status

-381.58 Topography (m) -0.98 0.01 Water Depth (m) 359.35
L T (e T
Info Simulation

B Info t (D H:M:S) At (s.) Volume Error (% Q Inflow (m3/s

The num

Sl o o — Total Inflow === Total Outflow === Violume Error

Progress )
Pause Close

Figure 15.3 — Model window.

15.7 Check the wind output files

The model creates the following files for each output time as defined in the Control panel:
‘CELL_TIME_METRIC_DDDD_HH_MM_SS.TEXTOUT’ (Metric Units) or
‘CELL_TIME_ENG_DDDD_HH_MM_SS.TEXTOUT’ (English Units)

where DDDD indicates the day, HH, hour, MM minutes and SS seconds.

In these files, columns 1, 2 and 3 report the velocity components in Vx, Vy and the module respec-
tively. We can visualize the water velocity fields generating layers either in raster or vectorial format
from the aforementioned files using the Maps of Results vs Time tool.

€x
i

The following figure shows the water velocity field map for time 0000:20:00:00:
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Layers L]

¢ BeT &G BAL
[ rrimesh
V [ Domain Outline
[] Domain Outlineq
— MeshDensityLine
B wind
— MeshBreakLine
[] Boundary conditions
~ |3 MESH_SPATIAL_DATA
V[ JManning N
8 coMPONENTS
v [ OUTPUT_CONTROL
~ [ OUTPUT RESULTS
Velocity 0000:20:00:00
v 0,000 - 0.1070
0.1070 - 0.2140
02140 - 0.3450
03450 - 0.4980
0.4980 - 0.6750
06750 - 0.8910
08910 - 1.3700
v — 13700 - 2.3640
v [ W DEm
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-189
-95
[ B

ASESESLSENES

Figure 15.4 — Map with the speed field for the time 20 hours.

This concludes the Wind driven circulation tutorial.



16 | Using Manning’s n ESRI shape
files

This tutorial illustrates how to use Manning’s n files in ESRI shape file format to assign Manning’s n
values to an existing project using the QGIS interface. The procedure includes the following steps:

1. Open an existing RiverFlow2D project.
2. Load the shape files with the Manning’s n polygons.

3. Import the Manning’s n geometry and values to the Manning N layer.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘ManningsNShapefileTutorial’ folder. This zip file is downloaded separately from your installation
materials.

16.1 Open an existing project

1. Open QGIS

2. On the Project menu click Open... and browse to the existing project: .

This project contains the layers of the domain contour, the Digital Elevation Model (DEM) of the
river bed in raster format, an aerial photograph, and the boundary conditions layer where the
inflow is located in the upper right and outflow in the lower left. The inflow boundary condition
is a hydrograph with a peak discharge of 220,000 ft3/s, and the outflow conditions is set to
Free outflow. When you open the project you will have an image of the project loaded in QGIS
as shown in 16.1.
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P

¥

shapefile — QGIS

DEBRRE (®PAHPP /. BeLIOR - E- 6o QEXRIE =90 BQVAMED
- ~ T mamEgEna QAR AB-a

T hEE ]

Layers; e®
Vo Mamva-zaa
B /[ comanoutine
B |05 e
9 ] manning v
V| (¥ COMPONENTS
28 o
W viwom
o
.u - = Band 1 (Red)
@ mEuey
@
@
Vl; -
Project loaded in QGIS.

16.2 Load the shape file with the Manning’s n polygons

1. In order to load the shape file with the polygons containing the Manning’s n values, click on
Add Vector Layer button

of Manager layer toolbar or from the main menu Layer — Add layer — Add Vector Layer...

2. In tutorial folder under the base subfolder, select the ‘SaltRiver_ManningsN.shp’ file (Figure
16.2).

Automatic ad

Close || Add Help

Window to find and open the shape file.
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When loading the file, an image similar to the one shown in the following figure will be displayed
on the screen:

SaltRiver_ManningsN Layer.

16.3 Import the Manning’s n geometry and values to the
Manning N layer

To transfer spatial and attributive information from the shape file to the Manning N layer, a copy and
paste operation is performed, but it must be ensured that both layers have a field or column with the
same name. The procedure is as follows:

1. Check the fields name of shape file: Right-click on the SaltRiver_ManningsN layer label and
in the pop-up menu select the option Open attribute table (Figure 16.4).
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Q SaltRiver_ManningsN — Features Total: 69, Filtered: 69, Selected: 0 - m) X
o §ENRTYELSD BE B e
LUCode N_Value =
1 |Farm_medium 0.06
2 |Veg_low 0.04
3 Veg_medium 0.055
4 Veg_medium 0.055
5 |Farm_medium 0.06
6 Water 0.03
7 Farm_low 0.05
8 Veg_low 0.04
9 Veg_low 0.04
10| Veg_medium 0.055
11/ Veg_medium 0.055
12 Veg_low 0.04
13|Farm_dense 0.085
14 Urban_blocked 0.13
15 Farm_low 0.05

il ¢

i)

[==/Show All Features,
Attribute table of the SaltRiver_ManningsN layer.

You can see that the shape file loaded has two fields, LUCode and N_Value, the first one with
the coding of the land cover type and the second corresponds to the value of the Manning’s
n, in the case of the Manning N layer, it has a single field called ManningN.

Proceed to change the name of the field N_Value to ManningN. Close the table of attributes
and right-click on the layer label. In the pop-up menu, select Properties then in window that
opens select the Fields tab as shown in Figure 16.5:

(2 Layer Properties — SaltRiver_ManningsN — Fields X
ANIE
~ Id~ Name Alias Type Typename Length Precision Comment Configuration
=<0  LUCode QString String 3

2 0
|1 ManningN|_____ldouble Real 121 | | <

@ Information

%, Diagrams

['% Fields
Attributes
Form

Joins
Auxiliary
4 Storage

& Actions
® Display
« Rendering

- Style v OK |/ Cancel Apply @ Help

Properties the SaltRiver_ManningsN layer.

. Click on the Toggle Editing button

J

then change the N_Value field name by ManningN (Figure 16.6), and click on the Toggle
Editing button again, and save.
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i () Layer Properties — SaltRiver_ManningsN — Fields X |
[ %7 &
i Information = Id ~ Name Alias Type Type name Length Precision Comment Configuration
J\:\‘ Source abe 0 LUCode Text (string) String 32 0 v

8.

€= Labels
€O Masks

¢ 3D View

-
, Diagrams
[ 5] Fielas
-0

Field properties of the edited SaltRiver_ManningsN layer.

Copy the polygons of the shape file: select the SaltRiver_ManningsN layer in the Layers Panel.

. With the select tool E& 7 we draw a rectangle that covers the entire layer:

@ *ManningsN_shapefile — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DEARRE 02PLPRIPFHRALBELICOR BHE- &% QAE#IE =

y v
'E"TZ["‘B".E"BI "E'{base =
Layers a8
Fawva-#20
'u V' M saltRiver ManningsN
[v! [_] Domain Outline
V' |_] Boundary Conditions
9 ~ |V () MESH_SPATIAL DATA
o ] Manning ¥
, V! (8 COMPONENTS
o V! (] OUTPUT_CONTROL
V| 8 ouTPUT RESULTS
v ' DEM
.{, ¥ v V B AerialsC
[ Band 1 (Red)
@ I Band 2 (Green)
@ I Bond 3 (Blue)
Vo~

Selecting all the polygons in the SaltRiver_ManningsN layer.

Paste the spatial elements in the Manning N layer: select Manning N layer of the Layers Panel

Copy the spatial elements by clicking on the Copy button of the digitization toolbar

and set it in edit mode by clicking on the Toggle Editing button f .

5]

Click on the Paste Feature button
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and a message will appear that indicates that features were successfully pasted.

[I] Paste features: 69 features were successfully pasted.

9. Click on the Toggle Editing button again ;/

Confirm and save the changes made to the layer.

To verify the operation was successful, open the attribute table of the Manning N layer and you can
see that the polygons have been copied with their Manning n values. As shown in the Figure below:

2! Manning N — Features Total: 69, Filtered: 69, Selected: 0 - a
/ = BEENGTEDP PEE B¢
ManningN -

1 0.06

2 0.04

3 0.055

4 0.055

5 0.06

6 0.03

7 0.05

8 0.04

9 0.04

10 0.055

11 0.055

12 0.04

13 0.085

14 0.13

15 0.05

16 0.04

17 0.13

18 0.06

19 0.03

20 0.06

21 0.055

22 0.04

23 0.06 v
Show All Features :

Figure 16.1 — Attribute table of the Manning N layer.

You can now remove the SaltRiver_ManningsN layer from the Layer Panel.
This concludes the Using Manning’s n ESRI shape files tutorial.



17 | Post-processing calculations

RiverFlow2D has three output controls that make it easier for the user to analyze the results of the
runs at specific sites in the domain calculator. These output controls are: Observation points, Cross
sections and Profiles.

This tutorial illustrates how to incorporate the output controls in a model using the QGIS interface.
The procedure includes the following steps:

1. Open an existing RiverFlow2D project.

2. Create ObservationPoints, CrossSections and Profiles layers, and draw the output controls.
3. Generate the mesh.

4. Running the model.

5. Review output files.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under the
‘OutControlTutorial’ folder. This zip file is downloaded separately from your installation materials.

17.1 Open an existing project

1. Open QGIS

2. Onthe Project menu click Open... and browse to the existing project: ‘OutControlTutorial.qgz’.

This project contains the layers of the domain outline, the Digital Elevation Model DEM of the
river bed in raster format, the layer with the boundary conditions where inflow is located in the
upper left and outflow in the lower left. The boundary conditions are a hydrograph with a peak
discharge of 6,500 ft*/s and outflow condition set to Free outflow. When you open the project
you will have an image of the project loaded in QGIS as shown in Figure 17.1.

168
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Layers
Vi vasgsrRan
¥, V' Domain Outline
B MeshDensityLine
9 v | Boundary Conditions
© vV MESH_SPATIAL_DATA
Ao V/"/Manning N
W |V ® COMPONENTS
@ . Y ©OUTPUT_CONTROL
57V % OUTPUT_RESULTS
@ vrDEm
Vv
Type to locate (. Coordinate 242814,94198 % Scale 1:2575 v | & Magnifier 100% + Rotation 0.0° %V Render ®EPSG:2285 @

Project screen loaded in QGIS.

17.2 Create a template of the layers ObservationPoints,
CrossSections and Profiles and draw the output
controls

To add the templates where the different output controls are drawn involves the following steps:

1. Create the templates of the layers ObservationPoints, CrossSections and Profiles: for this in
the RiverFlow2D toolbar click on the New Template Layer button

2. In the plugin window activate the checkBox ObservationPoints, CrossSections and Profiles,
as shown in the Figure below:
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@J Add Layer Template

Components Mesh

Manning N
[ Initial WSE
[] MaximumErosionDepth
|:| Infiltration
[] RainEvap
1 wind
CrossSections
Profiles

[] 1nitial Concentrations

hyorobid

~—flood"

Add Template Layer to HidroBID Flood Project

|:| Manning Nz

[] Bridges

|:| Gates

|:| Culverts

[] weirs

[[] pamBreach

|:| Source/Sink
ObservationPoints

Plugin to add the new templates layer.

71 Add Layer Template

X

¢ RiverFlowzp

Add Template Layer to RiverFlow Project

Components Mesh

Manning N

Initial WSE
MaximumErosionDepth
Infiltration

RainEvap

Wind

V| CrossSections

V| Profiles v

InitialConcentrations
Piers

StormDrain

Initial Bed Fractions
HEEF Builds

Internal Rating Table

Manning Nz
Bridges

Gates

Culverts

Weirs

DamBreach
Source/Sink
ObservationPoints
InitialConcentrationsPollutant
Abutments
StormDrainPolygon
ParticleTransport

LandSlides

OK Cancel

Plugin to add the new templates layer.

3. Edit the layers and draw the output controls: Select in the layers panel, the ObservationPoints,
CrossSections and Profiles layers one by one.

4. Click on the Toggle Editing button:
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A pencil will appear on the label of the layers, indicating that the layers are in edit mode:
4 [[¥] {1 ouUTPUT_CONTROL i
=~ CrossSections
<~ Profiles
i ObservationPoints
5. Draw the lines or points that represent the output control: To draw the cross sections, profiles
or observation points, the Add Feature tool will be used.
for the CrossSections and Profiles layers, the icon for the Add Feature button is
in the case of a point layer like ObservationPoints, the icon is
o
6. Drawing the cross sections: Select the CrossSection layer, and activate the Add Feature but-
ton.
7. Proceed to draw three sections: One at the beginning of the channel, another in the middle

and the third almost at the end of the channel, identify (XSECID) as: Section1, Section2 and
Section3, with intervals (ND_CS) of 10, 15 and 20 respectively. The attribute tables of the
sections will be as shown in Figure 17.4 and at the end of the drawing a similar image should
appear as shown in the following Figure 17.5.

CrossSections - Feature Attributes ﬂ

¥SECID | Section1

ND_CS |10

CrossSections - Feature Attributes = |

XSECID |Section2

ND_cs |15

CrossSections - Feature Attributes n

XSECID |section3

MD_CS |20

cancdl

Attribute windows for the three cross sections.
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Transversal sections incorporated into the model.

8. Save the polygon by clicking the Save button and click on the Toggle Editing button J@
to deactivate Edit mode on the CrossSections layer.

9. Drawing the Profile: Select the Profile layer and activate the Add Feature button, we proceed
to draw the profile along the channel central axis, identifier (PROFILEID) is Profile1 and the
number of intervals (ND_PR) equal to 50. The attribute table will be as shown in Figure 17.6.
Once finished drawing, it should appear like the one shown in the following Figure 17.7.

Profiles - Feature Attributes B

PROFILEID Profile1 €|

ND_PR |50 €|
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Attribute window for the profile.

Profile (green line) incorporated into the model.

10. To finalize the profile drawing, save the polygon by clicking the Save button and click on
Toggle Editing button J@ to deactivate Edit mode on the Profile layer.

11. Drawing the observation points: Select the ObservationPoints layer, and activate the Add Fea-
ture button, proceed to draw two observation points, the first between sections 1 and 2 and
the second between sections 2 and 3. As an identifier, (Obsid) is assigned Point1 and Point2
respectively. The attribute tables will be as shown in Figure 17.8 and at the end of the drawing
you should have an image similar to the one shown in the following Figure 17.9.
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ObsID |Point1 a

ObsID |Point2 «a

[ oc [ conad |

Attribute windows for the two observation points.

Observation points incorporated into the model.

12. To finish the drawing of the observation points, you click again on the Toggle Editing button to
disable the editing mode of the ObservationPoints layer.

17.3 Generate the mesh

The mesh is generated with the Generate TriMesh button
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The result is a mesh of approximately 9,000 cells, as shown in Figure 17.10.

Figure 17.1 — The mesh generated.

17.3.1 Exporting files to RiverFlow2D

Now that the mesh is generated and the other layers are ready with the necessary data, export the
files in the format required by RiverFlow2D.

1. Click on the Export RiverFlow2D button

€
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™

2. When run the plugin a window is displayed, select the raster layer that contains the Digital
Elevation Model (DEM) and the name of the project to be exported.

3. Before executing the plugin, activate the layer with the DEM (if it is deactivated).

Una vez ejecutado el complemento, se mostrara una ventana (Figura 17.11), como debe ser
para nuestro ejemplo.

€ Export to HBF ? X

hydrobid

~—flood"

Export Files to HydroBID Flood

DEM (Single Raster) DEM
|:| Get elevations from Multiple DEM Boundaries

Project Name ‘rFIowZD?QGIS\ExampIeProjects\outControITutoriaIFinaI\OutControI

» Options

Plugin to export the files to RiverFlow2D.

‘TARiverFlow2D X

Q> RiverFiowzD

Export Files to RiverFlow2D

Project Directory E:/Tutorials/RF2D/OutControlTutorialFinal\base
Scenario Name base

DEM (Single Raster) DEM ~

» Options

oK Cancel

Plugin to export the files to RiverFlow2D.
4. Once finished inputting the information, click the [OK] button to export the files to the model.

Once it is finished, RiverFlow2D will be loaded with the ‘base.DAT file.

17.4 Running the Model

After exporting the files, RiverFlow2D opens with the project file of the ‘OutControl.DAT’ sample and
shows the Control Data panel to it as illustrated in Figure 17.13.
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Open AllFles  Save AlFies  Run Rverflow2D Exit @ wwwhycronia com About Hydronia RiverFlow2D

Figure 17.2 — Control data panel.

You can observe in the control panel in Output Options the outputs of results for Cross Sections,
Profiles and Observation Points are selected.

Leave all other parameters at their default values.

To run the model, click on the Run RiverFlow2D button. The window that RiverFlow2D presents while
running the model shows: simulation time information, volume conservation error, total discharge
of inflow in and outflow, as well as other parameters as execution progresses (Figure 17.14).

S RiverFlow2D Plus (Build: Mar 9 2023)

Simulation Status

Cells read 8840

Mesh loaded

Found 13 inlet boundary walls with label 1
Found 46 outlet boundary walls with label
Inlet boundary conditions ready

Outlet boundary conditions ready
Boundaries ready
Observation points file read
profiles file read
Cross section data read
aded
s set
ady

RiverFlow2D setup lo.

Dry initial conditio
Observation poi
Cross sections ready
Profiles ready
Simulation setup ready

Info

B Info Activated
Kernel compilation: Mar 9 2023
The number of threads is set to 12

The line defining the section 1 is at least pi

X

44.95 Topography (ft) 0.00 Water Depth (ft) 9.30

58.11

Simulation

Q Inflow (ft/s)
6500.000000

Q Outflow (ft*/s)
6499.984188
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Volume Error (%)
0.000000e+000

=== Total Inflow === Total Outflow === Volume Error
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|9) Jo113 BuIOA

00:40:00 01:00:00
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00:10:00 00:30:00 01:30:00

Pause Close

|

Figure 17.3 — RiverFlow2D output graphics.
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17.5 Review the output files

RiverFlow2D generates the files with the extensions ‘.xseci’ (metric units) and ‘.xsece’ (English units)
which report the results along the cross sections. it generates files with extensions ‘.prfi’ (metric
units) and “.prfe’ (English units) which report the results along the profiles and generates the files with
the extensions ‘.outi’ (metric units) and ‘.oute’ (English units) that report the results in the observation
points.

Figure 17.15 shows an extract of the ‘OutControl.xsece’ file with results at the cross sections:
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RiverFlow2D
Build Mar 9 2023
TWO-DIMENSIONAL FINITE VOLUME RIVER DYNAMICS MODEL
(R) TRADEMARK 2009-2022 Hydronia, LLC.
ALL RIGHTS RESERVED
RUN DATE: 27/Mar/2023

CROSS SECTION RESULTS IN ENGLISH UNITS

TIME: @000 days, 00 hours, @@ min.,00 secs.

CROSS SECTION NO.: 1 CROSS SECTION ID: XSEC_1

( 24344489, 94253.80), ( 243571.18, 94402.64)
ELEM STATION BEDEL DEPTH WSEL VELOCITY FROUDE Qs
(ft) (ft) (ft) (ft) (ft/s) (ft2/s)
6351 13.80 50.16 0.00 50.16 0.00 0.00 ©0.000000
587 23.66 49.49 0.00 49.49 0.ee 9.00 ©0.000000
359 35.49 49,52 0.00 49.52 0.00 0.00 ©0.000000
2325 41.41 49,33 0.00 49,33 0.00 0.60 ©.000000
1551 57.18 49.22 0.00 49.22 0.00 0.0 ©0.000000
293 67.04 49.10 0.00 49.10 0.00 0.00 ©0.000000
6321 72.95 48.87 ©.00 48.87 0.6e 9.00 ©0.000000
4106 80.84 48.82 ©.00 48.82 0.e0 0.00 a.beaaaa
1836 90.70 48.70 0.00 48.70 0.00 0.00 ©.000000
1597 94.64 49.04 0.00 49.04 0.00 0.60 ©.000000
3138 102.53 49.23 0.00 49.23 0.00 0.0 ©0.000000
809 106.47 49,85 0.00 49.85 0.00 0.00 ©0.000000
95 110.42 50.70 0.00 50.70 .60 0.00 ©.000000
4592 124.22 51.52 0.00 51.52 0.00 0.60 ©.000000
2008 130.13 51.58 0.00 51.58 0.00 0.00 ©.000000
6910 139.99 51.70 0.00 51.7@ 0.00 0.0 ©0.000000
1814 143.94 51.98 0.00 51.98 0.00 0.00 ©0.000000
1411 149.85 52.82 0.00 52.02 .60 0.80 ©.000000
2062 159.71 52.13 0.00 52.13 0.00 0.00 ©0.000000
356 165.62 52.07 0.00 52.07 0.00 0.00 0.000000
3167 175.48 52.21 ©.00 52.21 0.ee 0.00 ©.000000
6739 185.34 52.39 0.00 52.39 0.00 0.00 ©0.000000
Q= -0.000 cfs.
CROSS SECTION NO.: 2 CROSS SECTION ID: XSEC_2
( 243995.16, 93802.76), ( 243602.76, 93800.51)
ELEM STATION BEDEL DEPTH WSEL VELOCITY FROUDE Qs
(ft) (ft) (ft) (ft) (ft/s) (ft2/s)
7097 19.82 54,90 0.00 54.90 0.00 0.60 ©.000000
6346 23.78 54.22 0.00 54.22 .60 0.00 ©.000000
6157 27.75 51.32 0.00 51.32 0.00 0.60 ©.000000
121 35.67 48.75 9.00 48.75 0.00 9.00 0.000000
184 39.64 46.82 ©.00 46.82 0.6e 0.00 ©.000000
2632 47.56 46.00 0.00 46.00 0.00 0.00 ©.000000
2968 51.53 45.98 0.00 45.98 0.6e 0.00 ©.0080000
4400 55.49 46.02 0.00 46.02 0.00 0.00 ©0.000000
682 59.46 46.51 0.00 46.51 0.00 0.0 ©.000000

Figure 17.4 — OutControl.xsece file.

Figure 17.16 shows an extract of the ‘OutControl.prfe’ file with the report of the profile results:
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RiverFlow2D
Build Mar 9 20823

TWO-DIMENSIONAL FINITE VOLUME RIVER DYNAMICS
(R) TRADEMARK 2009-2022 Hydronia,

ALL RIGHTS RESERVED
RUN DATE: 27/Mar/2023

PROFILE RESULTS IN ENGLISH UNITS

TIME: @000 days,@0 hours,@0 min.,00 secs.

PROFILE NO.: 1 PROFILE ID: PROFILE_1
ELEM  DISTANCE BEDEL DEPTH WSEL VELOCITY
(ft) (ft) (ft) (ft) (ft/s)
6406 0.00 48.55 15.61 64.17 0.00
4446 15.34 48.69 0.00 48.69 0.00
3736 30.68 48.61 0.00 48.61 0.00
1927 46.02 48.56 0.00 48.56 0.00
2357 61.36 48.76 @.00 48.76 .00
1836 76.69 48.706 6.00 48.70 0.00
8006 92.03 48.82 @.00 48.82 0.00
6142 107.37 48.81 6.00 48.81 0.00
80 122.71 48.78 @.00 48.78 0.00
1878 138.05 48.69 0.00 48.69 0.00
1622 153.39 48.63 0.00 48.63 0.00
978 168.73 48.65 6.00 48.65 0.00
6342 184.07 48.71 0.00 48.71 0.00
5985 199.41 48.76 @.00 48.76 0.00
843 214.74 48.78 e.00 48.78 0.00
6360 230.08 48.89 0.00 48.89 0.00
575 245.42 48.92 e.e0 48.92 0.00
4957 260.76 49.01 6.00 49.01 0.00
4201 276.10 49.02 0.00 49.02 0.00
2430 291.76 48.84 0.00 48.84 0.00
734 307.41 48.79 0.00 48.79 0.00
3495 323.07 48.91 0.00 48.91 0.00
6854 338.72 49.05 0.00 49.05 0.00
6256 354.38 49.03 @.00 49.03 ©.00
3401 370.03 48.65 0.00 48.65 0.00
3600 385.69 48.45 @.00 48.45 0.00
5619 401.34 48.52 e.e0 48.52 0.00
3586 417.00 48.77 0.00 48.77 0.00
822 432.66 48.39 ©.00 48.39 0.00
4197 448.31 48.17 6.00 48.17 0.00
51ee 463.97 48.00 0.00 48.00 0.00
194 479.62 47.93 @.00 47.93 0.00
3785 495.28 47.54 0.00 47.54 0.00
4267 510.93 46.81 @.00 46.81 0.00
7358 526.59 46.52 0.00 46.52 0.00
2123 540.71 46.84 68.00 46.84 0.00
8723 554,84 46.76 0.00 46.76 0.00
4474 568.96 47.17 0.00 47.17 0.00
5572 583.08 45.98 6.00 45.98 0.00
6970 597.21 46.20 @.00 46.20 0.00
2493 611.33 46.19 0.00 46.19 0.00

Figure 17.5 — OutControl.prfe file.
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Figure 17.17 shows an extract of the ‘RESvsT_Point1.oute’ file with the report of the results of the
observation point Point1:

RiverFlow2D
Build Mar 9 2023

TWO-DIMENSIONAL FINITE VOLUME RIVER DYNAMICS MODEL
(R) TRADEMARK 2009-2022 Hydronia, LLC.
ALL RIGHTS RESERVED
RUN DATE: 27/Mar/2023

RESULTS FOR CELL: 840 OBSERVATION POINT ID: Point2
LOCATED AT COORDINATE: (  243832.78),( 93473.50)

TIME u v VELOCITY  DEPTH WSEL  BEDEL_ORI  BEDEL DELTA_BED FROUDE Qsx QsY S
(hours)  (ft/s) (ft/s)  (ft/s) (ft) (ft) (%) (ft) (%) (-) (ft2/s) (ft2/s) (ft2/s)
0.10000  -2.897  -7.137 7.703 4.806  52.126  47.319  47.319 0.000 0.619 0.000 0.000 0.000
0.20000  -2.736  -6.929 7.450 5.019  52.338  47.319  47.319 0.000 0.586 0.000 0.000 0.000
0.30000  -2.720  -6.901 7.418 5.035  52.355  47.319  47.319 0.000 0.583 0.000 0.000 0.000
0.40000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
0.50000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
0.60000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
0.70000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
0.80000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
0.90000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.00000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.10000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.20000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.30000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.40000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.50000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.60000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.70000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.80000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
1.90000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000
2.00000  -2.718  -6.898 7.414 5.038  52.357  47.319  47.319 0.000 0.582 0.000 0.000 0.000

Figure 17.6 — RESvsT_Point1.oute file.
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In many cases the drawing of polygons that share borders (contiguous) is required. Trying to do
this manually usually produces polygon overlap errors, or it may generate gaps as illustrated in the
following figure:

Figure 18.1 — Areas with overlap and empty spaces in manual digitization of adjacent polygons.
This tutorial illustrates how to use the QGIS Snapping tool to facilitate the scanning of adjacent
polygons. The procedure includes the following steps:
1. Open an existing RiverFlow2D project.
2. Activate the Snapping tool.
3. Configure the Snapping tool
4. Draw contiguous or adjacent polygons using the Snapping tool.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘SnappingTutorial’ folder. This zip file is downloaded separately from your installation materials.

182
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18.1 Open an existing project

1. Open QGIS

2. In the main menu go to Project — Open... browse to the existing project: ‘SnappingTuto-

rial.qgz’.

This project contains the basic templates of a RiverFlow2D project and a raster with 4 areas with
different Manning’s n coefficients derived from land cover and land use maps. From this raster, the
polygons of the Manning N layer will be drawn. When the project is opened, a project image will be

loaded in QGIS as shown in Figure 18.2.

7 QGIS 2.18.6 - SnappingTutcrial - o

Project Edit View Layer Settings Plugins \Vector Raster Database Web MMQGIS Processing Help

0 BRI L2 HPPLPRAANMNS @& M-8 -0, EE
H AR/ D B S/ B SRT%EENIGIBTORR
YIXINIRY
Layers Panel [
<.L@¢'Y.‘Iv_:,t?rﬂ
'D D Domain Outline
f — MeshDensityline
] D Boundary Conditions
@ .|+ ¥ @ vesH_spamiaL_pata
o L Manning N
@ e [l COMPONENTS
% [l oUTPUT_conTROL
= [ outPUT_RESULTS
@av >'Mann’| Map n
%
‘v; -
&
Y
&
\RP
Layers Panel Browser Panel
Coordinate 724369, 1164278 % scale| n19628 v | @ Magnifier|100% 2] Rotation |00 2] @ Render @BEPSG2202 @

Figure 18.2 — Project screen loaded in QGIS.

18.2 Activate and configure the Snapping tool

To use the Snapping tool, you must activate it beforehand:

1. Open the configuration options window: In Project menu — Snapping Options...

Project Snapping Settings

@ All Layers Vertex _ |12 px 7~ Topological Editing @Allow Overlap _ Snapping on Intersection

Project Snapping Settings window.

Self-snapping
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2. In the Project Snapping Settings window, click on the Enable Snapping button.

9

3. Next to the Enable Snapping button the dropdown menu for All Layers is activated. Click on
the dropdown and select Advanced Configuration.

4. In the list of layers, make sure only Manning N layer is selected.

5. Select the checkbox to Avoid Overlap on the Manning N layer.

The configuration window of the Snapping tool should be as shown in the following Figure:

Project Snapping Settings n

Q|| % Advanced Configuration _ SQ Disabled _| 0 0 7~ Topological Editing @Allow Overlap _ Snapping on Intersection * Self-snapping

Layer Type Tolerance Units Avoid Overlap Min Scale Max Scale
|__| Domain Outline Vertex 12 pixels
|| Boundary Conditions Vertex 12 pixels

v |v| [ MESH_SPATIAL_DATA
v | Manning N Vertex 12 pixels. v not set

not set not set
not set not set

not set

Q Filter layers.

Figure 18.3 — Snapping configuration panel.

18.3 Draw contiguous or adjacent polygons using the
Snapping tool

To draw the polygons with the information of the Manning’s n coefficients we proceed as follows:

1. Edit the Manning N layer: In the layers panel, select the Manning N layer

2. In the digitalization toolbar click on the Toggle Editing button

J

A pencil icon will appear in the Manning N layer indicating that the layer is in edit mode:

4 ._Iﬁ MESH_SPATIAL_DATA

3. Draw the polygon that demarcates the Manning’s n area: Using the Add Toggle Editing button
in the digitalization toolbar

L

proceed to draw the polygons. Start by drawing the polygon in the bottom of the watershed
shown in gray which corresponds to n = 0.02. After completing the drawing you should have
an image similar to the one shown in the following figure:
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The first polygon sketch.

4. Proceed to draw the second polygon. This will be the small yellow polygon to which corre-
sponds to n = 0.30. To draw the polygon, follow the boundary with the green polygon as
indicated by the raster, but in the boundary with the polygon already drawn (the gray) an over-
lap will be made so that the snapping tool takes the edge that already exists and completes
the polygon. Try to make a path as shown in the figure below:

Drawn of the second polygon.
5. Right-click to finish the drawing.
6. Enter the Manning coefficient, n = 0.30 and you will have an image like the one shown below

where you can see how the final drawing of the second polygon took the vertices of the first
adjacent polygon:
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Final draw of the second polygon.

7. The third polygon to be drawn will be the large yellow polygon. Just as in the previous case,
the contour of the polygon according to the raster is faithfully followed, but in the adjacent
polygons it is already drawn overlapped. The figure below shows the initial drawing, with an
approach in the area where the overlap is made with the existing polygon:

Preliminary draw of the third polygon.

8. Afterfinishing the drawing and assigning the Manning N umber to the polygon, the final drawing
of the third polygon will be shown as shown below:
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Final draw of the third polygon.

9. The fourth polygon to draw will be the green polygon which corresponds to n = 0.45. To do
it will follow the outer boundary of the same and the boundary with the brown polygon. Then
a thick overlap will be made within the polygon already drawn, the yellows and the gray, as
shown in the figure below:

Preliminary draw of the fourth polygon.

10. After finishing the drawing and assigning the Manning’s n value to the polygon, you will have
the final layout of the third polygon as shown below:
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Final draw of the fourth polygon.

11. To finish, draw the fifth polygon of brown color, which corresponds to n = 0.03. For this the
outer limit is drawn following the contour of the raster and for the shared limits an overlap is
made inside the neighboring polygons as shown in the figure below:

Preliminary draw of the fifth polygon.

12. After finishing the drawing and inputting the Manning coefficient to the polygon, you will have
the final drawing of the third polygon as shown below:
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Final draw of the fifth polygon.

13. To finish, click on the Toggle Editing button

4

changes are accepted and saved. Then the layer of the raster Manning_Map_n is deactivated,
and the Manning N vectorized layer can be observed as shown in the Figure below:

Layers Panel 5 x
v @eTa-FAOA
D Domain Qutline
— MeshDensityline

I:‘ Boundary Conditions
a [ [l MESH_SPATIAL_DATA
: Manning N
1 coMPoNENTS
1 oUTPUT_cONTROL
[l OUTPUT_RESULTS
I |:| . Manning_Map_n

Final draw of the Manning N layer.

18.4 Delete a polygon

Suppose you want to delete the last polygon created because you are not satisfied with the result.
In that case you can proceed doing as follows:
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1. The Manning N layer is edited using the Toggle Editing button

J

o ._Iﬁ MESH_SPATIAL_DATA

2. Then the polygon to be eliminated is selected using the Select Feature button

3. With the active select Feature tool, click on the polygon to be deleted and it will be highlighted

in yellow to indicate that it is selected (Figure 18.15).

Polygon to be deleted selected.

4. Then the polygon is deleted either with the Delete key on the keyboard or with the Delete
selected button

i

Manning N layer with the polygon removed.
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5. Finally, the changes are saved and the editing mode of the layer is deactivated by clicking on
the Toggle Editing button.

/4

This concludes the Snapping tutorial.
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Y Z data sets

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under
the ‘InterpolatingRasterTutorial’ folder. This zip file is downloaded separately from your installation
materials.

RiverFlow2D uses elevation data in raster format. For instance, to load an ASCI!I grid file, from the
Layer menu, click Add Layer, and then click Add Raster Layer... You may also click the Add Raster
Layer button:

L3

In this example we will use elevation data available in a tab delimited X Y Z file, and create an
interpolated raster layer.

The XY Z file can be formatted as comma, space or tab delimited data, where the first two columns
correspond to point X and Y coordinates and the third column is the point elevation Z as shown in
the following figure.

E  HohDTM_points METRIC.txt X

File Edit View

X,V,2Z
243364.4297,93288.26758,48.768
243382.2178,93336.55399,49.3776
243384.1564,93243.08402,48.768
243386.3692,93291.82764,49.0728
243388.0944,94363.76962,49.725072
243393.6326,94368.40867,49.228248
243398.7532,94371.9413,49.066704
243399.8017,93352.17194,49.6824
243402.2462,93198.31195,48.768
243402.6547,94338.37368,49.737264
243403.5386,94379.0279,48.990504
243407.0133,94344.64037,49.475136
243408.3087,93295.3877,49.3776
243410.7745,93235.93342,49.0728
243411.2622,94383.34692,48.93564
243413.0605,94352.62613,49.219104

Figure 19.1 — File containing terrain elevation points.

First, the X Y Z file is loaded to create an event layer. This can be accomplished as follows:

1. From the Layer menu, click Add Layer, and then click Add Delimited Text Layer... Alternatively,
you may also click the Add Delimited Text Layer button:
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%%

. Open the elevations file: Click the Browse [...] button and go to

‘\ExampleProjects\InterpolatingRasterTutoria\base\HohDTM_points_xyz.ixt".

Under File format, Comma Separated Values should be selected.

selected.

Under Geometry Definition, click on the Z field dropdown and select z.

The Geometry CRS dropdown should be set to Project CRS: EPSG:2229.

The dialog should look like the following figure:

Q Data Source Manager | Delimited Text

' Browser File name | E:\Tutori: i ialFil :lohDTM_Eims_METRIcm I

Layer name | HohDTM_points_METRIC Encoding | UTF-8

Vector
¥

w File Format

Raster
* (8) CSV (comma separated values)

U/
2o M Regular expression delimiter

; Point Cloud () Custom delimiters

,n Delimited Text @ Record and Fields Options

‘% GeoPackage Number of header lines to discard o s Decimal separator is comma

] v First record has field names Trim fields
+ GPS
V' Detect field types Discard empty fields

7 4 >
7y Spaticlite Custom boolean literals

¢ PostaresQL True False

1 M5 QL Server
w Geometry Definition

. Under Record and Fields Options the checkboxes First row contains field names should be

Well known text (WKT)

* Oracle
- (®) Point coordinates Xfield | x - IZﬁeId z vI
‘!F Virtual Layer
S Y field |y v | M field -

Dialog to create a layer from delimited data text file.

4 SAPHANA DMS coordinates
) e CRSI Project CRS: EPSG:2229 - NADS3 / California zone 5 (US) -1e
&3 wwspwws
4
PRGN Bl v Layer Settings
4 Features
Use spatial index Use subset index Watch file
£ wes
=
Sample Data
xvz
* -
(T ! . Y. z
2EE Vector Tile " g "
HHES 1.2 Decimal (double) v | 1.2 Decimal (double) ~ | 1.2 Decimal (double) ~
- 1 | 243364.4297 93288.26758 48.768
Rfg, Scene
* 2 | 2433822178 93336.55399 49.3776
e o 3 |243384.1564 93243.08402 48.768
@ server 4 |243386.3692 93291.82764 49.0728
5 |243388.0944 94363.76962 49.725072
Metadata Search P PPECTEYCPH 94368.40867 49.228248
7 |243398.7532 943719413 49.066704
8 |243399.8017 93352.17194 49.6824 .
Close Add Help

To go to the area where the points are located, you will have to right-click on the label of the

created layer and select the option Zoom to the layer.
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Layers = &
8 &V &AL

v D Domain Outline

v D Boundary Conditions
v L_IJ_ﬂﬂ MESH_SPATIAL_DATA

v D Manning N

v (@l COMPONENTS

v L_I'jﬂ OUTPUT_CONTROL

v L_I'jﬂ OUTPUT_RESULTS

HohDTM points METRIC
I® Zoom to Layer(s)

How to zoom a layer.

8. The points should appear in the project window:

(@ *InterpolatingRaster — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

PEERRE [LLHPP R BatlOR N-E & & GEME

- T ke S

Layers E®

Vo Mawva-#mn
' v D Domain Outline

]

v [ ] Boundary Conditions

E;’; v || (B MESH_SPATIAL_DATA
9 V| | Manning N

Q V| (1 compoNENTS
f v [ oUTPUT_CONTROL

Q v [ OUTPUT_RESULTS
V| ® HohDTM points METRIC
9, .

Layer of points created from delimited data file.
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9. The raster is created interpolating from the data in the point layer. For that we will use the
Processing Toolbox to load the panel that will allow us to search for the TIN interpolation
command.
[-§§§- Toolbox Ctrl-+Alt+T
‘*_'# Model Designer... Ctrl+Al+G
(Y History... Ctrl-+Alt+H
§ Results Viewer Ctrl+Alt+R
Edit Features In-Place
Opening the Processing Toolbox.
Processing Toolbox ) €
e 0B X
€L interpolation €«
» (O Recently used
~ (2 Interpolation
Heatmap (Kernel Density Estimation)
i‘l IDW interpolation
Loading to the QGIS TIN interpolation tool.

10. In this window select the layer to be interpolated to create the raster, in this example we use
the point layer that we just created named HohDTM_points_ METRIC. Change it by selecting
the dropdown for Vector layer.

11. We select the field that has the attribute that was used as the value to interpolate, in this case
the z field. This is done by clicking the dropdown for Interpolation Attribute, and select z.

12. Click the green + button to add the vector layer into the list.

13. Click on the Set to current map canvas extent button and it shoudl automatically fill in the extent
information.

14. In the Pixel size textboxes, enter 10. You will notice the Rows and Columns textboxes are
automatically filled in based on the pixel size.

15. Select the path to the folder where the raster layer is to be created. It is recommended to point

to the project folder directory chosen earlier in the tutorial.

The panel should look like the following figure:
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@ TIN Interpolation

Parameters Log

Input layer(s)

Vector layer 2" HohDTM_points_METRIC

Interpolation attribute. | 1.2 z

Use Z-coordinate for interpolation

Vector layer Attribute Type
HohDTM_poi... z Points

Interpolation method

‘ Linear

Extent

‘242556.0859,244932.6917,92853.4170,94501.1750 [EPSG:2229]

Output raster size

Rows | 166 % Columns | 239 v
I Pixel size X ‘ 10.000000 < | Pixel size Y | 10.000000 = I
Interpolated

‘ E:/Tutorials/RF2D/InterpolatingRasterTutorialFina

V| Open output file after running algorithm
Triangulation [optional]
‘ [Skip output]

Open output file after running algorithm

| 0%

‘ Advanced " ‘Run as Batch Process...

Interpolation plugin window.

16. Click OK to start the interpolation process.

TIN interpolation

Generates a Triangulated Irregular Network (TIN)
interpolation of a point vector layer.

With the TIN method you can create a surface
formed by triangles of nearest neighbor points. To
do this, circumcircles around selected sample
points are created and their intersections are
connected to a network of non overlapping and as
compact as possible triangles, The resulting
surfaces are not smooth,

The algorithm creates both the raster layer of the

interpolated values and the vector line layer with
the triangulation boundaries.

‘ Cancel

Run | Close ‘ | Help

Once the process is completed, the raster resulting from the interpolation will be displayed on the
screen, by default it is rendered in gray gradient as shown in Figure 19.8.
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Layers. a@®
YaeTi-BRO
~ v ¥ DEM_HOH
danc 1
sasi77e

I 169753

V! ® HohDTM_points_METRIC
V| Domain Outine
v Conditions

~ V] () MESH_SPATIAL DATA

V| (B coMPONENTS
V! [ outeu_conTROL
VI {0 ouTuT ResuLTS

Figure 19.2 — Digital elevation model in raster format created by interpolation.

Note: Right-clicking on the label of the created layer and selecting Properties allows you to change
the rendering style for a more informative color palette.

@ Layer Properties - DEM_HOH — Symbology

v Band Rendering

Interpolation
Color ramp.
Label unit suffix
Label precision

Value

Render type | Singleband pseudocolor

b Min / Max Value Settings

Max 59.5377739999999989

Gomma

Zoomed: in

45.169753

48.76175624.

52.35376349..

5594576674

59.53777399..

Classify

v Layer Rendering

Brightness

Invert colors.

v Resampling

E

Clip out of range values.

Blending mode | Normal

Colorize

Nearest Neighbour

Classes | 5

Legend Settings..

o 2] | Controst  cm— ) o

Saturation S— o

Grayscale | Off

~ | oversampling | 2.00 s

oK. Cancel Aoply Help

Early resampiing

Figure 19.3 — Window to change the render style of a raster layer.

And now the raster layer is displayed with the new color palette selected:
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(@ *InterpolatingRaster — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

NEERRY U2 RPPI/ QLB tOR H-8--5- @
4 TR IR E Y S MRB-BRRORBRD 8 » 0
Q‘E],o‘m,ib,ah,#uao'gﬂv[hse v‘

Layers
A= Ve-BR0

(v [_] Domain Outline

(v [_] Boundary Conditions
v v/ [l MESH_SPATIAL_DATA

v [_| Manning N

[v (] COMPONENTS

|v ([ OUTPUT_CONTROL

|| [ OUTPUT_RESULTS

~ v 3 DEM_HOH
Band 1

I 59.537774
. 45.169753

[v| ® HohDTM_points_METRIC

<

<

SEDBBENCRNS

Figure 19.4 — Digital elevation model with color render.

It is convenient to move the raster layer created to the end of the list of layers, thus it does not
interfere with the display of other layers.
This concludes the Interpolating Raster tutorial.



20 | Setting up a Google Cloud VM for
GPU-Accelerated Simulations

This tutorial provides a step-by-step guide for setting up a powerful virtual machine (VM) on Google

Cloud Platform (GCP) equipped with an NVIDIA Tesla V100 GPU. Such a setup is ideal for running

computationally intensive RiverFlow2D or OilFlow2D simulations that can leverage GPU accelera-

tion, significantly reducing model run times.

Note: Running a VM with a GPU on Google Cloud will incur costs. Windows Server images and

GPUs are premium resources. Please review GCP pricing and ensure billing is enabled for your

project. The Google Cloud Free Trial does not typically cover GPU usage. See the official documen-

tation for more details: https://cloud.google.com/compute/docs/create-windows—server—vm—inst:

The process involves these main steps:

1. Configure and create a new Compute Engine VM instance.
2. Specify the machine type (4 vCPUs and 32 GB Memory).
3. Add and configure an NVIDIA Tesla V100 GPU.

4. Select a Windows Server boot disk.

5. Connect to the newly created VM.

20.1 Before you begin

1. You must have a Google Cloud account with a project created and billing enabled.

2. Ensure your account has the necessary IAM permissions. At a minimum, you will need the
‘Compute Instance Admin (v1)’ and ‘Service Account User’ roles for the project.

3. Enable the Compute Engine API for your project. This can be done from the APIs & Services
dashboard in the Google Cloud Console.

4. You will need an RDP client on your local machine to connect to the Windows VM. Microsoft’s
Remote Desktop client is available for Windows, macQOS, iOS, and Android.
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20.2 Creating the VM Instance 200

20.1.1 Checking and Requesting GPU Quotas

By default, Google Cloud projects have a GPU quota of zero for most regions to prevent accidental
usage. Before you can create a VM with a GPU, you must request and be granted a quota for the
specific type of GPU (e.g., NVIDIA Tesla V100) in your desired region.

1.

2.

In the Google Cloud Console, navigate to IAM & Admin — Quotas.

In the Filter bar, select the Metric property and search for NVIDIA V100 GPUs. Select it from
the list. If it does not appear, you may need to clear the filter and first filter by Service for
Compute Engine API.

This view will show your current GPU quota for all regions. Most will likely be at 0.

Find the region where you plan to create your VM (e.g., ‘us-central1’) and select the checkbox
next to it.

Click the EDIT QUOTAS button at the top of the page.

. A panel will open on the right. Enter your desired new quota limit (e.g., 1 for one V100 GPU)

and provide a brief justification for your request (e.g., “Required for running GPU-accelerated
scientific modeling software”).

Submit the request. Quota increase requests can take some time to be reviewed and approved
by Google. You will receive an email notification once the process is complete. You cannot
proceed with creating the VM until your quota request is approved.

20.2 Creating the VM Instance

1.

In the Google Cloud Console, navigate to the Compute Engine service and select VM in-
stances.

. Click the CREATE INSTANCE button at the top of the page. This will open the instance

creation form.
Name your instance: Enter a descriptive name, for example, ‘hydronia-gpu-workstation’.

Region and Zone: Select a region (e.g., ‘us-central1’). For the Zone, select Any (recom-
mended). This allows Google to pick an available zone, which is necessary to trigger the
quota request workflow if your quota is insufficient.

20.3 Configuring Machine and GPU

This is the most critical step, where you define the computational resources for your VM. The fol-
lowing steps correspond to the selections shown in Figure 20.1.

1.

In the main Machine configuration section, first click the GPUs button. This filters the avail-
able options to those that support graphics processors.
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2. A new Graphics processing units subsection will appear. Configure it as follows:

* GPU type: Select NVIDIA V100.

« Number of GPUs: Select 1.

» Leave the Enable Virtual Workstation (NVIDIA GRID) checkbox unchecked.

3. Next, configure the CPU and memory for the VM itself:

» Series: Ensure N1 is selected.

» Machine type: Click the Custom button.

» Cores: Drag the slider or type 4 into the vCPU box.

* Memory: Drag the slider or type 32 into the GB box. Ensure the Extend Memory check-
box is active.



20.4 Configuring the Boot Disk and Firewall 202

& Create aninstance 47 Create VM from...

G =clin=leontiguiation Machine configuration

, us-central1 Name *

lame
instance-20250702-203230 (@) ‘

e 0Sand storage

Windows Server 2019 Region * - Zone * -

Datacenter us-central1 (lowa) - ® any - @ |

: Region is permanent Google will choose a zone on your behalf, maximizing VM

e Data protection obtainability. Zone is permanent.

Snapshot schedules

e Networking ;. NEW: General-purpose C4D machine series Generally
1 network interface = Available

1of2 3 X

e Observability V Try the new C4D machine series with leading price-performance and advanced Try now
Install Ops Agent

e Security General purpose ~ Compute optimized  Memory optimized ~ Storage optimized | o« GPUs ‘

Graphics processing units (GPUs) accelerate specific workloads on your instances such as machine learning and

e Advanced
data processing. Learn More 2

Accelerate your Al workloads with TPUs X

TPUs, Google's custom-designed Al accelerators, scale cost efficiently for a variety of Al
workloads, including training and inference. Learn more (2

GPU type Number of GPUs
NVIDIA V100 v 1 A

Enable Virtual Workstation (NVIDIA GRID)

Series @ Description vCPUs @ Memory @ CPU Platform
@ N1 Balanced price & performance 1-96 1.8- 624 GB Intel Haswell
Machine type

Choose a machine type with preset amounts of vCPUs and memory that suit most workloads. Or, you can create a
custom machine for your workload's particular needs. Learn more (2

Preset | Custom

Creating a custom machine incurs additional costs

Cores
1 96
L ] 4 VCPU ‘
(2 core)
Memory
3.75 624

- 32 GB ‘

Extend Memory (@

Figure 20.1 — Configuring the machine with a custom N1 type, 4 vCPUs, 32 GB of memory, and one
NVIDIA V100 GPU.

20.4 Configuring the Boot Disk and Firewall

1. In the OS and Storage section, click the Change button.

2. In the fly-out menu, make the following selections:

+ Operating system: Select Windows Server.
* Version: Select Windows Server 2019 Datacenter or a newer version if available.
+ Boot disk type: Select SSD persistent disk for better performance.

+ Size (GB): Set a size appropriate for your needs, for example, 150 GB.
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3. Click Select to confirm the boot disk configuration.

Boot disk

Select an image or snapshot to create a boot disk; or attach an existing disk. Can't
find what you're looking for? Explore hundreds of VM solutions in Marketplace (2

Public images Custom images Snapshots Archive Snapshots Existing Disks

— Operating system
Windows Server A |

~ Version *
Windows Server 2019 Datacenter - |

x86/64, Server with Desktop Experience, x64 built on 20250612

~ Boot disk type *
SSD persistent disk - |

‘ Compare disk types

~ Size (GB) *
150 |

Provision between 50 and 65536 GB

v Show advanced configuration

Configuring the Windows Server 2019 boot disk.

4. In the Firewall section of the main creation page, check both Allow HTTP traffic and Allow
HTTPS traffic. RDP access is enabled by default for Windows instances.

20.5 Create the VM and Handle Quota Requests

1. Review all the settings one last time. At the right side of the page, you will see a monthly cost
estimate.

2. Click the Create button.

3. If this is your first time creating a GPU-enabled VM, the creation will likely fail with a “VM
creation error” pop-up, as shown in Figure 20.3. This is expected and is the easiest way to
request the needed quota.
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Instances Observability Instance schedules

VM instances

VM creation error X

= Filter
The GPUS-ALL-REGIONS-per-project quota

[[] stat maximum has been exceeded. Current limit: 0.0. n
Metric:

0o . .
compute.googleapis.com/gpus_all_regions. More
dimension(s): global=global Learn more (2

Relate S
Edit & retry Request Quota
@ Explore protection su O view biiingre
[ ] Viiaws and manana un

VM creation error due to GPU quota.

4. Click the Request Quota button directly within the error dialog.

5. This will open the “Quota changes” request form. You will proceed in two steps:

+ Step 1/2: Edit Quota (Figure 20.4)

— In the New value box, enter 1.

— In the Request description box, provide a brief justification, such as “Software re-
quires GPU to run for scientific modeling.”

— Click Done, then click Next.

 Step 2/2: Contact Details (Figure 20.5)

— Fill in your contact information.

— Click Submit request.
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X 1quota selected

Step 1/2

Quota changes

Expand each service card to change individual quotas.

]

~ Edit quota

Compute Engine API

Quota: GPUs (all regions) ]

Current value: 0

Enter a new quota value. A value above 0 will req%pproval from your
service provider. (3

- New value *

B

Request description *
( Software requires GPU to run. |

Your description will be sent to your service provider and is used to evaluate your
request. It's useful to include the intent of the quota usage, future growth plans,
region or zone spread, and any additional requirements or dependencies.

Done

Requesting a quota increase.

X Tquota selected

Step 2/2

Contact details

These details will be sent to the approvers while reviewing quota change request.
Name *
[Your Name l

Email *

(@hydronia.com @

‘ Phone ‘

Submit request Back

Providing contact details for the quota request.

6. The quota request will be sent to Google for approval. This can take anywhere from a few
minutes to a few business days. You will receive an email once the request has been approved.
You must wait for the quota approval before you can successfully create the VM. Once
approved, return to the VM instances page in the Google Cloud Console.

7. You will see your failed instance with a red error icon. On the far right of the instance row, click
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8.

the wrench icon to Edit and retry (Figure 20.6).

VM instances

= Filter Enter property name or value
E] Status Name 1 Zone Recommendations In use by Internal IP External IP Connect

O e instance-20250702-203230 ) ]
Related actions
Using the Edit and retry option on a failed VM instance.

This will take you back to the instance creation page with all of your previous settings pre-filled.
Scroll to the bottom and click Create. The VM should now be provisioned successfully.

20.6 Connect to the VM

Once your quota request is approved and the VM has been successfully created (indicated by a
green checkmark icon on the VM instances page), you can set your password and connect.

1.

2.

3.

Click on the name of your new VM instance to go to its details page.
Under the Remote access section, click the SET WINDOWS PASSWORD button.

A default username (your Google account username) will be shown. You can keep it or change
it. Click SET. A new password will be generated. Copy this password and store it securely.

You can now connect to your VM. Return to the VM instance details page, click the RDP button,
and choose Download the RDP file. Open this file with your RDP client.

When prompted, enter the username and the password you just copied. You are now con-
nected to your new Windows Server VM with a powerful GPU, ready for your simulation work.

This concludes the Google Cloud VM Setup tutorial.



21 | Creating high-impact graphics and
animations using Paraview

ParaView is an open-source, multi-platform data analysis and visualization application. You can
quickly build visualizations to analyze model results using qualitative and quantitative techniques.
The data exploration can be done interactively in 2D and 3D, or using ParaView’s batch processing
capabilities.

This tutorial will demonstrate the use of Parview to generate high quality graphics, including depth
maps, velocity fields, 3D visualizations, and animations of RiverFlow2D results.

This tutorial requires ParaView version 5.8.1 or later. You can download and install ParaView version
5.8.1 or later from the website www.paraview.org. To create the ParaView graphs, the RiverFlow2D
model needs to generate during runtime the ‘.vik’ files using the Create graphic output files option
in the Hydronia Data Input Program Graphic Output Options panel.

21.1 Paraview basics

After loading Paraview, the following components can be identified in the main window (see Figure
21.1):

eve Paraview 581

Menu bar —» ™ @ & B KD ID>DIS o O
’<:.. @ B XiaXfixts padtiC 2 BECEG
Toolbars 2 &

/ [ Lo ) Goor MapEtor
Pipeline 8 buit, g

@ 4 2 Beoerviem
Browser

Variable selector
Toolbar

Properties and

Information tab Render View Layout

Ray Traced Rendering
Enable Ray Tracing

Show full messages Save toFile.

Figure 21.1 — Main Paraview window.
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To open the tutorial example group file, click 4 in the Menu bar and double-click the file group
‘BridgeTutorial..vtk’ in the ‘ParavirewTutorial’ folder. The group contains multiple ‘.vtk’ files, where
each file corresponds to a specific simulation time.

Make it visible clicking Apply in the Properties tab. The following graphic in the Render View layout
will look as follows:

> Renderview1 [[1 = [ ©

Figure 21.2 — View after opening the 'BridgeTutorial..vtk" file.

Using the Time control toolbar (see Figure 21.3), select a time to visualize the selected variable.

04 <0 > > DI & tme: 0o B0 |C maxis20 :

Figure 21.3 — VCR and Time Control toolbars.

The graphic will change according with the selected simulation time. For example, for Time = 2 it
should look similar to this:
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Figure 21.4 — View for Time = 2.

An adequate visualization depends on the selection of a color scale of a defined variable. In the
previous figure, the default color scale was selected associated with the depth variable (h). The next
section shows how to customize color rendering.

21.2 Two-dimensional (2D) visualizations

21.2.1 Create a 2D bed elevation map

Paraview has many filters for full visualization of 1D, 2D and 3D data. In this part of the tutorial we
will create a 2D bed elevation graphic. Select the bed elevation variable z in the Variable selector:

ﬁ@ DO » @ F W7

~ @ Solid Color —

i%&®®®%@: [
ERU®® T &

Pipeline Browser 77 velocity

T . ]

ﬁ builtin:
n
@ ) BridgeTutorial*

[x]s) Properties

% Delete

Figure 21.5 — Variable selector.

The representation of the bed elevation z will look like this:
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>» Renderview1 [[] H|[M] @

Figure 21.6 — Bed elevation z representation.

Although it is possible to customize the color maps, we will see how to do it later in this tutorial, for
this example we will use a predefined color.

Click in the Properties tab to pick up the Rainbow Desaturated color map in the Choose Preset
dialog box. Once selected, Apply/Close.

s ] O O O i ssic——
Search ... (use Esc to clear text) default [ Options to load:
@ Colors
Presets Presets v t
Use preset range
| Cool to Warm B cool to warm (Extended)
B bicicsosy Raiston P e
e — B cick, s and whie
| ”
‘ | . " B!ue Orange (divergent) I viridis (matplotlib) Actions on selected:
S r
|| — S B nesr creen crat)
| O oot SR N s creen- orane
|
‘ T Rainbow Desaturated I T velow-Gray - Blue
BN ssinson unitom [
1 Import
Export
|
Close
Tip: <click> to select, <double-click> toapply a preset.

Figure 21.7 — Predefined color maps.

The result graph visualizes of the bed elevation z.
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Figure 21.8 — Bed elevation z representation.

21.2.2 Creating 2D velocity vector fields

In order to create a 2D visualization of the flow and its magnitude with our project data, we will start
with a water depth h representation in a white-to-blue color scale. The first step is to select h in
the Variable selector. To change the color map for water depth h to a white-to-blue, click and
choose the XRay preset color then Apply/Close. The Mapping Data should look as:

@ Color Map Editor
Search ... (use Esc to clear text) | o H| e
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Figure 21.9 — XRay Color Map.
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Double click in the right circle of the range marker bar and select any blue color from the Select
Color dialog box. This example uses Red = 0, Green = 85 and Blue = 255 and Click OK

[ JOX ] Pick Solid Color

Basic colors

Pick Screen Color

Hue: 220 | Red: 0

Custom colors

Sat: 255 C Green: 85

Val: 255 | Blue: 255

Add to Custom Colors HTML: #0055ff

Figure 21.10 — White-to-blue color map.

The Mapping Data will look as follows:

o @ Color Map Editor
Search ... (use Esc to clear text) < W ‘ i
Array Name: h
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*|

Enable opacity mapping for surfaces

Mapping Data

i

Figure 21.11 — White-to-blue color map.

Set the Time = 20 and the result should look as follows:
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Figure 21.12 — Water depth (h).

To create a 2D velocity vector map for this example, follow these steps:

Select BridgeTutorial* in the Pipelines Browser

In the Filters menu select Common/Glyph

Click Apply in the Properties panel. You will adjust the big arrows after

Configure the Vector field configuration in the Properties panel as follows:

— Glyph type: 2D Glyph

— Scale Array: modU (velocity modulus)
— Scale Factor: 35

— Glyph mode: Every Nth Point

— Click Apply to visualize the the filter setup. The user can press this button each time
changes are made

— Coloring: modU

» Choose the Rainbow Desaturated color scale clicking in and Apply/Close.
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Figure 21.13 — Velocity vector field on water depth.
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Figure 21.14 — Velocity vector field detail.

In order to save the Paraview project, select File/Save State. This will save a ‘.pvsm’ file.
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21.3 Three-dimensional (3D) visualizations

In this part of the tutorial we will explain the steps to create a 3D visualization using Paraview. We
start where section 21.2 ends. This assumes that we have a visualization of the bed elevation (z)
variable using the Rainbow Desaturated color map.

Open the ‘BridgeTutorial..vtk’ group as explained in section 21.1 and select the bed elevation vari-
able z in the Variable selector. The render view should look as the following figure:
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Figure 21.15 — Bed elevation z.

Generating a 3D visualization in ParaView requires an interpolation from Cell Data to Node Data as
follows.

» Select Cell Data to Point Data in the Filters/Alphabetical menu. Then, press the Apply button
in the Properties tab.

n @ Pipeline Browser
B buitin:
@ ﬁ BridgeTutorial*
& ‘ CellDatatoPointData1

Q @ Properties
& Apply # Delete ?
Search ... (use Esc to clear text) Hier]

== Properties (CellDa | £} =

Cell Data to Point Data filter.
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» Select again z in the Variable selector. Note that the color view is smoother due to the inter-
polation. The result should look as follows:

@B »@

Layout #1 x |3

0 @ = @ > RenderViewl ‘EE‘EH?

06

Output Messages

Cell Data to Point Data interpolation.

The 3D appearance is obtained by extruding one of the data variables z or (h+z).

» With the CellDatatoPoint selected in the Pipeline Browser, select Warp by Scalar in the Filter-
s/Alphabetical menu to do the extrusion and then click Apply.

» Configure the Properties tab as follows:

— Scalars =z

— Scale Factor = 25

« Click Apply.

» Choose z in the Variable selector.
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Scalefactor g ]

Normal 0 0

Wrap By Scalar filter.

» Switch from 2D to 3D visualization in the Layout Render view to manipulate the project in 3D.

+
B @ @[] @ e =g A @ i 4 > Renderviewt (D H [ O
|

3D option.

» Remove the color map of the bed elevation z by selecting Solid Color in the Coloring drop-down
menu of the Properties tab:

Coloring

&h

7 h+z

7 localCFL
7 moduU
7 velocity

7z
Coloring parameter.

» The Solid Color can be customized clicking the Edit color map icon B Edit in the Properties

tab. Once the desired color has been chosen at the Pick Solid Color tab (this example uses
HTML=#ecb57d), the Render view should look as:
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0 @ Output Messages

3D bed elevation representation.

To view the terrain from different points, use the left mouse button to rotate, press down the mouse
wheel to translate, and scroll the mouse wheel to zoom in or out the image.

Using the Viewpoint Toolbar (Figure 21.22), you can add different view points of your graphic clicking

5
L™ 1 2 3

Figure 21.16 — Viewpoint Toolbar.

The following image was generated using an alternative view point.
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Figure 21.17 — Alternative 3D bed elevation representation.
To return to prearranged views use the Camara control toolbar.
+xn nx ng YH +ZEE EEZ e 9
+90 -90
Figure 21.18 — Camara Control Toolbar.

A more sophisticated visualization can include additional layers. In the next section we will add two
more layers: the water elevation (h+z) and the velocity vector field.

21.3.1 Create a 3D water elevation graphic adding a (h+z) layer

Follow the following steps to create the (h+z) layer:

Click on the CellDataToPointData item in the Pipeline Browser and select Warp by Scalar in
Filter/Alphabetical. A WrapByScalar2 item will be created in the Pipeline Browser.

« Select a time # 0 in the Time control toolbar, e.g. "™ 2B i

Configure the Properties panel as follows:

— Scalars = (h+z)

— Scale factor = 25 (very important)

Click the Apply button. Check that h is in the Variable selector.

Click and choose the Rainbow Desaturated color map, then Apply/Close.
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The resulting Render view should look similar to:

Layout #1 +
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Figure 21.19 — Water surface elevation representation.

As seen in this figure, the layers corresponding to z and (h+z) variables are overlapped in the dry
areas of the domain, generating a confusing presentation. One easy way to fix this issue is to
remove the water depth h values below a user-defined value to avoid overlapping, doing as follows:

Click WrapbyScalar2 in the Pipeline Browser and select Threshold in Filter/Common in the
main menu

Click Apply in the Properties panel, and check that h is in the Variable selector.

Set the minimum value equal to 0.01 m. Depths (h) below this minimum will not appear in the
color representation.

Click Apply and the result should be as follows:
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Figure 21.20 — Threshold Filter application.

With the Threshold layer selected, change the color map for water depth h to a white-to-blue as it
was explained in Section 21.2.2 of this tutorial. The result graph should look as follows:
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Figure 21.21 — Three dimensional water depth h representation.

21.3.2 Create a velocity field graphic

Follow the following steps to create a velocity field graphic:

» Select the Threshold item in thePipeline Browser.

* In the Filters menu select Common/Glyph and click the Apply.
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« Configure the Properties panel as follows:

— Glyph type = 2D Glyph

— Orientation Array = velocity

— Scale Array = modU (velocity modulus)

— Scale Factor = 25

— Glyph mode = Every Nth Point (to prevent a saturation of arrows in the visualization)

— Click the Apply button to visualize immediately the filter setup, the user can press this
button after each of the previous steps

— Set Coloring as (modU) for the color map representation and choose the preset color
Rainbow desaturated then Apply/Close

9 @ Pipeline Browser
EI builtin:
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@ - WarpByScalar1
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@ Q‘J Threshold1
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D @ Properties
W @ Reset % Delete ?
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== Properties (Glyph1) =]

Glyph Source

Glyph Type | 2D Glyph

Orientation

Orientation Array velocity

Scale

Scale Factor p 25|
Masking

Glyph Mode Every Nth Point

Stride 1

+ Select Time # 0 as the current time control tool bar. In this example chose for instance Time=3.

After these steps, the graphic should look like this one:
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Figure 21.22 — Three-dimensional velocity field representation.

In order to save this Paraview project select File/Save State and create a ‘.pvsm’ file. To load any of
the saved projects select emphFile/Load State and select a ‘.pvsm’ file.

21.4 Generating animations

With your Paraview project loaded in your computer to create an animation or movie go to File/Save
Animation and create a file type ‘.avi’. The Save Animation Options dialog will be displayed:

e e Save Animation Options
[search ... (use Esc to clear text) i
Size and Scaling
Image Resolution 1504 1050 <lalc
Font Scaling Scale fonts proportionally
Coloring
Override Color ~
Palette No change
Stereo Mode No chango
Transparent Background
File Options
Format <
Compression
Quality 5 (st quality, larger file)
Animation Options
FrameRate 1
Frame Window o n
e u X Canca

Figure 21.23 — Animation.

In this dialog, the user can configure the video frame rate, the number of frames per time step, the
resolution (in pixels) and the range of time steps. In order to reduce the size of the output video file,
a compression mode is also available for the video. Note that this will also reduce the video quality
of the animation. As an example, the next figures show three frames of the output video generated
in this way, corresponding to six different simulation times.

Animation time frames.
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21.5 Steamlines representation

Streamlines represent the instantaneous direction of the velocity and is drawn as unending lines
that may converge or diverge from one another. They are drawn at roughly even intervals to capture
the flow in all areas.

To create Streamlines with Paraview, follow these steps:

Open the Paraview application in your computer

Load the plugin StreamLinesRepresentation in Tools/Manage Plugins in the main menu

Open the ‘BridgeTutorial..vtk’ Group file and Select Apply

Select a time different than 0 in the time control tool bar

Select velocity in the Variable selector

In the Properties panel select:

Representation = StreamLines

Step Length =1

Number of Particles = 1000

Max Time to Live = 600

+ To have Streamlines in one color, select in the Property panel Coloring = Solid and then click
on ™ Edit ' and select a color.

The next figure shows how the StreamLines look:
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Figure 21.24 — StreamLines representation.

If you load a Paraview project ‘.pvsm’ file, you have to deactivate the filters in the Pipeline Browser
by clicking the open eyes so that only the *.vik’ file layer is open.
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