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Introduction

The main purpose of these tutorials is to assist model users in performing hands-on applications of
the OilFlow2D model using QGIS.

OilFlow2D is a two-dimensional model that simulates spreading of crude oils and other viscous
fluids on the land surface, and trajectory and fate of crude oils on water. The oil spill on land module
can simulate oil depths and velocity over irregular surfaces considering fluid properties such as
density, viscosity that can vary in time. The model can use 3 different rheogological formulations for
Newtonian and non-Newtonian fluids that can have yield stress. The OilFlow2D model also accounts
for oil evaporation and that process affects density and viscosity and its subsequent impact on fluid
flow. The oil spill on water module uses a particle-tracking approach to simulate oil trajectories
of oil spill, and includes oil fate algorithms to account for evaporation, emulsification, dissolution,
dispersion, and interaction with shores.

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.



Creating your first river flow application with
OilFlow2D

This section provides a step-by-step guide to help you get started with a OilFlow2D 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 QilFlow2D.

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.



3 Creating your first river flow application with OilFlow2D

r

td

qgis-bin.exe -
Shortcut

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:

@ Untitled Project - QGIS - o X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help 1 Menu bar

DEERRY O L0 IEYEYAN) I-E-0, #* -

AQV. A A - =3 - A- A
) 3 QGIS toolbars

1% %- %23 2 OilFlow2D toolbar

Layers
v leT -

5 Layers panel

4 Map view area

@ postGls
P mssaL v

< >

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

Figure 2.2 — QGIS interface indicating window areas.

For pre-v10 or standalone OilFlow2D installations, if you don’t see the toolbar with the model icons
as shown, activate the standalone plugin using the Manage and Install Plugins... command under
the Plugins menu.
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Q Plugins | Installed (17) X
Q Search...
i Installed ~ Coordinate Capture This is a core plugin, so you
# Not installed Vv [ DB Manager can't uninstall it
@ eVis

3 Upgradeable

% New [y Geometry Checker o i I Flowz D

1t Georeferencer GDAL
¥ Install from ZIP

5 GPS Tools
¥ Settings v/ @ hydroBID Flood Interface for

V'™ LAStools OilFlow2D for QGIS 3.x

v @ MetaSearch Catalog Client )
« OfflineEditing Interface for QilFlow2D by

Hydronia LLC

v/ 3 Processing
v e Profile tool Category Plugins
Vv A Qgis2threejs More info homepage
v/ @@ QuickMapServices bug tracker
Vv & RiverFlow code

& Topology Checker repository

Author . Artigas for
Hydronia LLC

Installed version 7.10

Upgrade AII‘ Uninstall Plugin = Reinstall Plugin

Close Help

Figure 2.3 — Plugins window showing standalone OilFlow2D activated (pre-v10/standalone).

For version 10 and later, use the unified Hydronia2DMS plugin. In Manage and Install Plugins...,
search the Installed list for Hydronia2DMS, confirm it is enabled, and verify that the OilFlow2D-
flavored toolbar is visible before continuing. Hydronia2DMS exposes the OilFlow2D-flavored toolbar.
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Q. Hydronia2DMS a
= -
[R3 mtaled Hydronia2DMS
5. Not installed . R - R
Unified interface for RiverFlow2D MS, OilFlow2D MS, :
Y Upgradeable HydroBID Flood MS for QGIS 3.x
’,: Unified Hydronia plugin for RiverFlow2D MS, OilFlow2D MS, and HydroBID
New
: Invalid Category Plugins
Tags hydronia2dms, riverflow2d, oilflow2d, hydrobid_flooc
7 Install from ZIP modeling, oil spill modeling
More info homepage code repository
# Settings

Author J. Artigas for Hydronia LLC
Installed version 10.01.01.2026.07.09

4 »

Upgrade All Uninstall Plugin Reinstall Plugin

Close Help

Figure 2.4 — QGIS Plugins window showing Hydronia2DMS installed for version 10 and later.

2.2 Start a new project

1. To create a new OilFlow2D project, click on the New OilFlow2D Project button
in the toolbar. A dialog window appears where you select the optional component layers, the
Coordinate Reference System (CRS), and the project directory.

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:



2.2 Start a new project

(2 Coordinate Reference System Selector

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

R Iy used 5 £

Coordinate Reference System Authority ID
EPSG:2855

NAD83(HARN) / Washington North

>

<
Hide deprecated CRSs

Coordinate reference systems of the world

Coordinate Reference System Authority ID
M m Projected Coordinate Systems
¥ Lambert Conformal Conic
EPSG:2855

NAD83(HARN) / Washington North
v Transverse Mercator

0OSGB36_Highways_England_A30H1 EPSG:102855

<

NAD83(HARN) / Washington North A
Extent Q

-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 +towasB4=0.0.0.0.0.0.0 +units=m +no defs

v

oK Cancel | Help

Coordinate Reference System Selector dialog window.

4. Click OK.

5. After confirming the CRS selection, the Projection button displays EPSG:2855, corresponding
to the NAD83(HARN)/Washington North Coordinate Reference System (CRS):
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OOiIFIOWZD

Create New QilFlow2D Project

Layers | none ¥

MeshDensityLine

MeshBreakLine

Manning Nz

Bridges
Gates
Culverts
Weirs
DamBreach
Piers
Abutments
Infiltration
RainEvap
Wind
Source/Sink

Internal Rating Table

MaximumErosionDepth

CrossSections

Profiles

ObservationPoints

Projection

Name initial scenario : |base

Project Directory |Hoh_QGIS_Metric_Units

Create New QilFlow2D Project configured for Hoh_QGIS_Metric_Units.

MeshDensityPolygon

Multiple DEM Boundaries

Initial WSE

Initial Concentrations

Initial Bed Fractions

Channels1D

Boundary Conditions 1D

QOilSpills
OilRetentionDepth
Shoreline type
Vegetation_Trapping
Initial Conditions Oil
Spill Boom

SpillPaths

OilPipeLine

OilPipelineValves

EPSG:2855

oK Cancel
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6. Keep Name initial scenario set to base. Click the button and choose the
Hoh_QGIS_Metric_Units folder for the Project Directory. This is 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.

Layers @®
AT S - - )

V||| Domain Outline

v![_| Boundary Conditions
v v & MESH_SPATIAL_DATA

v|[ | Manning N

| (31 COMPONENTS

V| [ OUTPUT_CONTROL

V| [l OUTPUT RESULTS

BAarEMNS

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 )

2. In the dialog search for the tutorial folder and select the ‘hohdema2.tif’ file as shown:

(2 Data Source Manager | Raster X
Source type

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

Raster Dataset(s) iverFlow2D_Q S  QGIS_Metric_Units\hohdem2.asc =

74 Spatialite

4 PostgresQL

@ ArcGIS 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.
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4. Use the Zoom to Layer button 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.

Layers 88
“BwmTVi-BRAO
~ v ¥ peM won

Bona 1
sasor7e

I 15169753

V¢ HoRDTM_points METRIC

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.

(A Layer Properties - hohdem2 | Symbology X
. ~ Band Rendering
@ Information :
3 Source Render type Hillshade v
& Symbology Band Band 1 v
=
£ Transparency Altitude 45.00° :
B Histogram i
« Rendering ® X
& Pyramids Azimuth &
{ Metadata
F 315.00° =
Legend
QGIS Server Z Factor 1.00000000 5
Multidirectional
~ Color Rendering
Blending mode |Normal v 49 Reset
Brightness — 0 %  Contrast E— 0 2
Saturation — 0 & Grayscale Off v
Hue Colorize v 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.
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And now the raster layer is displayed with the new palette selected:

Q

DEERRN UPPLH PPL BRI 8 R Pt
|/E V28 Fa AQER 2 -
i fie I fle G @ &
Nh i hEN O =N = <
Vi “@ievi #Rn p
ﬂﬂii &
@é \ = -
7 b B,
W )
Q- \
= \ ;
G- i !
(5] { f
@- (%4
V- 1A%
Ve,
(1517
b f
/
/

oo 015500002 Q5 e 17764+ | (@ Wagnfr 1000 3 Rotaton 00° 3V Rerder @ ESG205 @

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

Ve e — .8 v
LA = R AN BE

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

iy

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|

carcs

CellSize defined for the Domain Outline 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 i

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

The Domain Outline is now complete.

f ,’
j’/

Figure 2.5 — Domain Outline layer.



2.5 Generating the triangular-cell mesh

2.5 Generating the triangular-cell mesh

Generate Trimesh button

12

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

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

You can see the mesh generation statistics, and other messages produced by the mesh generation
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Figure 2.6 — Resulting mesh.

View menu, then by clicking Panels.

program while creating the mesh in the Log messages panel. This window is accessed from the

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
2018-09-04T11:1
2018-09-04T11:1
2018-09-04T11:1
2018-09-04T11:14:
2018-09-04T11:1
2018-09-04T11:1
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
2018-09-04T11:1
2018-09-04T11:1
2018-09-04T11:14:
2018-09-04T11:1
2018-09-04T11:1
2018-09-04T11:14:31 0

Processing Python warning
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
Info
Info

Stopped on Tue Sep 04 11:14:31 2018

Gmsh has been executed correctly

Gmsh 8

Writing 'C:\Users\Hydronia Dell\Documents\RiverFlow2D_QGIS\ExampleProjects\Hoh_QGIS\TriMesh.msh'...
: Done writing 'C:\Users\Hydronia Dell\Documents\RiverFlow2D_QGIS\ExampleProjects\Hoh_QGIS\TriMesh.msh’

Figure 2.7 — Message panel of the registry with GMSH messages.
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2.6 Setting up the boundary conditions

Inflow boundary conditions:

1. Select the BoundaryConditions layer in the Layers panel.

/

2. Click the Toggle Editing button 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:

A

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 u

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.
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Boundary Conditions - Feature Attributes

General BC Data

Time QDischarge =
10 31.60
21 1900.51
320 1900.51
4 -
oK Cancel

Hydrograph loaded from the 'QIN.DAT" file.

7. Click OK to close the dialog and then click Save : i .

Outflow boundary conditions:

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

axe
A

e (53
RATH

Lk

vAVA)

&
v

%

X
v ey,
RANPOORIN

ravg!
SREAR

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 n

General BC Data

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

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

The figure below shows how the BoundaryConditions layer should look:

Er R s v
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AR wRE-BAL o >
v [ TriMesh
v [_| pomain outline
vl
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V/[ | Manning N
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v [l oUTPUT_RESULTS
V. ¥ hohdem2
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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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REAR- AR Chd (e - R <SS =
Layers o8

RS 204" 3- 3=

v [ Timesh
v [_| Domain Outline
V [] Boundary Conditions
9
v v L@ MESH_SPATIAL_DATA
V [/ Manning N
V| (1 COMPONENTS
@, v v @ output cONTROL
@ V[ OUTPUT_RESULTS
P V ¥ hohdem2
@
Vo~
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 to deactivate
editing mode.

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



17 Creating your first river flow application with OilFlow2D

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 QilFlow2D.

1. Activate the DEM layer.

2. Open Plugins > OilFlow2D MS > Export OilFlow2D and click the exact visible action Export
Hydrodinamic OilFlow2D.

3. In the Export Files to OilFlow2D dialog, keep Scenario Name set to base and choose DEM in
the DEM (Single Raster) field.
The Scenario Name is also used for the exported filenames; do not change those filenames
manually.

4. Click OK. A message at the top of the Map area shows the progress of the export process.
After export completes, version 10 and later users see the Open DIP dialog. QGIS DIP is

selected by default; click OK to open it inside QGIS. To use the historical standalone option, ex-

To run the simulation select the Data Input Program (DIP) to launch the 2D n

QGIS DIP
¥ More options
Classic DIP
Run both & compare
Both Classic & . In parallel and compar

Both Classic 8 . Sequentially (one after the other)

ame: |example_run

pand More options, select Classic DIP, and then click OK.

With QGIS DIP selected, the current interface is shown below:
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Graphic Output Opti...
Profile Output
Cross Section Output
Observation Points
Tools

~ Options
Model Selection
License

Open All Files

Save All Files

v

v

v

v

Time control data

Simulation time (hrs.) | 2.0

Output interval (hrs.) (0.1

Output interval for components (hrs.) |0.01

Courant number (CFL) |1.0

Hot start

Computation control data

Manning's n factor | 1.0

Manning's n variable with depth

Maximum depth for dry bed (m) |-1.0

Units
®) Metric
Initial conditions

) Dry bed

English

Read initial water elevs. from FED file

Horizontal water surface elevation

Modules

®) None

Sediment Transport

Pollutant Transport

Mud/Tailings Flow

Plastic/Particle Transport

il Spill on Land

Gil Spill on Water

Run OilFlow2D.

Exi

it

QGIS DIP interface for OilFlow2D.

www.hydronia.com

About Hydronia OilFlow2D.

QGIS DIP and Classic DIP use the same project settings, but their interfaces look different.
Older standalone or non-maintenance versions may open Classic DIP automatically. The
project-specific Classic DIP settings and Run steps below are retained.

Control Data Control Data

S Modules

ﬁri:‘;mwnﬂ Time control data Modules Output options

olltart Transpor Open DAT o o) ¥

Vo Taiings Flow Smulation time s ): 2 O Sedment Transport O O Spil on Land () Automatic close of model windows
04 Spilon Land Save DAT O Polutant Transport O O Spillon Water oot B
0i Spil on Water Outptinterval ). 01 O Mud/Taings Fow O Water Qualty @ Output mavinum fies
Plastic/Particle Transport Outputinterval g oq O Plastic/Patticle Transpot  © None () Output hazard file
Water Qualty for componeris fa) () Utban Drainage EPA-SWMM () Output resuts for cross sections
Urban Drainage EPA-SW Version = -

5 Components 00081304 Components ©) Output el for proes
Rainfall/Evaporation Courant number (CFL): 1 (O Rainfal/Evaporation () Weirs (1) Output resuits at observation points.
Culverts File Version - 0 0

O Hot stat () Bridge piers O Wind ) Compute mass balance every
P O = = 0
Bidge Plers 22103 O Cuivets O Bridges output interval
Open Boundary Condior - o et for vl
Sources and Sinks Computation control data (D) Intemal rating tables ates or amival 00000 =
Wers () Dam Breach ) Infitration time calcuiztion ) s
Intemal Rating Tables _ Mamingsniackr: |1 (O Sources/Sinks () Bidge scour
Wind () Mannings n variable with depth e et Intial condtions
Bridges Miimum depth for dry bed: -1
Gates O Dybed
Metric Englis! put
:ﬁ::;w Model Selection ! e O Read ntial water elevs. from FED fie
Dern Broach O RiverFlow2D GPU DIP Language:  English O Horizontal water suface elevation
= Output O Riverflow2D CPU Paralll computation
Graphic Output Options )
Profile Output Data il origin: QGIS Number of cores:
Cross Section Output 24 v
Observation Points
Tools
www hydronia com
Open AlFies  Save AlFies  Run Riverflow2D Ext @ 1w hydroria.com About Hydronia Riverflow2D

Hydronia Data Input Program window.

5. Click the Run OilFlow2D button to run the model.

6. A dialog box will ask if you want to save changes. No changes were made, so select [No].

An image similar to the one shown below should appear:
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% 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

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

- o X
44.94 Topography (m) 59.50 0.00 Water Depth (m) 8.05
L L -
Simulation
t (D H:M:S) ot (s.) Volume Error (%) Q Inflow (m3/s) Q Outflow (m¥/s)
0.013422 0.000000e+00 1900.513476 1901.814832

0000 02:00:00

2000
1500
1000

500

0
00:00:00
bl

0:10:00

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

/

00:20:00 00:40:00
00:30:00

01:00:00 01:20:00 01:40,
00:50:00 01:10:00 01:30:00
Time

-1E
00 02:00:00
01:50:00

| 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 OilFlow2D application tutorial.



Simulating overland oil spills with OilFlow2D

This section provides a step-by-step guide for setting up an overland oil spill using OilFlow2D. The
tutorial illustrates the model application to simulate a real spill from a pipeline leak. It includes
instructions to enter the terrain elevation data, create the mesh, prepare the layers with the spill
location, and run the OilFlow2D model.

3.1 Tutorial data

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

20



21 Simulating overland oil spills with OilFlow2D

- o X
QilspillonLandTutorial X +
@ New - T sort = view aas
“« v > Documents > RiverFlow2D_QGIS > OilExampleProjects > QilSpillOnLandTutorial >~ G L Search OilSpillOnLandTutor...

OneNote Notebooks Name Date modified Type Size
Paraview Projects [E| SOURCE 1.t Text Document 1KB
PDF Suite Files |2 device.sPU GPU File 1KB
RiverFlow2D_QGIS D nodes.wkt WKT File 1457KB
Documentation [%] OF2D_Results_CleanUp.bat Windows Batch File 1KB
ExampleProjects D RiverFlow2Ddata. VAL VAL File 1KB
GettingStartedVideo 9 RunAllSources.bat Windows Batch File TKB

| Qilspill. ile
Qilspill.OILP QILP Fil TKB
GettingStartedVid =

ingtaneciiaeos 5] solarRad.txt Text Document 7KB
Hydronia 2] skipzoM.TxT Text Document 1KB
Hydronia_Fixed 5] TemperatureTimeSeriesQQ.txt Text Document 1KB
My_Projects [E] TemperatureViscosityDensityQQ.txt Text Document 1KB
MetwerkLicenseManager 5] viscdummyfiletxt Text Document 1KB
OilExamplePrajects \E_’ DEMLLIF TIF File 56,268 KB
|5] EPSG 2202.xt Text Document OKB

Hoh_QGIS_Metric_Units
Hoh_QGIS_Metric_Units_FINAL
MagdalenaRiverSpill
QilSpillOnLandTutorial

14items [Eo

Figure 3.1 — Files with data required for the example.

3.2 Starting QGIS

The first step is to start the QGIS software. After loading the QGIS, you will get a window is similar
to the one shown below:

(@ Untitled Project — QGIS - o X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
D BRRY Osppen B ENOR ®_}' h @ %D v

RQV. 2 REW K QaR 2a

R-REGHES T B R YYD '@

Layers @8
vA®T o

® ®

<

<

ESDHHAENH

2 Type to locate ( @ Coordinate 1.000,-0.076 % Scale 1:13 ¥ & Magnifier 100% % Rotation 0.0° 3 v Render ®EPSG:2445 @

Figure 3.2 — QGIS interface for OilFlow2D indicating window areas. 1: Menu bar, 2: Tool bar, 3: Layer
panel, 4: Maps view area, 5: Status bar.

Note the tool bar contains icons that give access to all the OilFlow2D components. Some of the
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icons have a drop down list that allow getting to more tools.

3.3 Start a new QilFlow2D project

1. To create a new QilFlow2D project, click on the New OilFlow2D Project button
in the toolbar. 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 tutorial creates only the Source/Sink layer: select None in Layers and check Source/Sink.

2. Select the Projection: Coordinate Reference System (CRS) EPSG code: 2202 corresponding
to REGVEN / UTM zone 19N - Projected

3. Select a working Project Directory:
ExampleProjects\QilSpillOnLandTutorial

This will be the folder where the model will write all results and output files. The dialog window
should look like this:

o OilFlow2D

Create New OilFlow2D Project

Layers | none ~

MeshDensityLine

MeshBreakLine

Manning Nz

Bridges
Gates
Culverts
Weirs
DamBreach
Piers
Abutments
Infiltration
RainEvap
Wind

V| Source/Sink

Internal Rating Table

MaximumErosionDepth

CrossSections

Profiles

ObservationPoints

Projection

Name initial scenario : |OilSpill

MeshDensityPolygon

Multiple DEM Boundaries

Initial WSE

Initial Concentrations

Initial Bed Fractions

Channels1D

Boundary Conditions 1D

Qilspills
OilRetentionDepth
Shoreline type
Vegetation_Trapping
Initial Conditions Ol
Spill Boom

SpillPaths

OilPipeLine

OilPipelineValves

EPSG:2202

Project Directory ronia\OilFlow2D\ExampleProjects\OilSpillonLandTutorial

OK Cancel

Create New OilFlow2D Project.
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Verify that Layers is set to None, Source/Sink is checked, the CRS is EPSG:2202, and the
project directory is the extracted OilSpillOnLandTutorial folder.

. Provide a name for the Scenario: OilSpill for this tutorial.

. After clicking OK, the templates of the layers are created, and displayed on the Layers Panel:

. Layers (&l
Vo ¢asve-3ai
Fo v * Domain Outline
E] v L Boundary Conditions
G| v [y| (@ MESH_SPATIAL_DATA
,g v | | Manning N
/ v || 8 COMPONENTS
. N v @ Sources
V3 v/ [l OUTPUT_CONTROL
@ . v @ ouTPuTRESULTS
(4]

Layers created for the project.

OilFlow2D will use the unit system defined in the projection you selected. If the projection has
coordinates in feet, units will be set to English. If the projection coordinates are in meters, units will
be set to Metric/SI.

Copy all of the files from the OilSpillOnLandTutorial tutorial folder into the new scenario folder cre-
ated. In this example, copy them into ExampleProjects\QilSpillOnLandTutorial\QilSpill.

3.4 Load elevation data

OilFlow2D uses elevation data in raster format.

1. 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 +

The following dialog will appear where you can select the raster file containing elevations. In
this case, select DEM.1if from the extracted QilSpillOnLandTutorial folder.
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(@ Data Source Manager | Raster

Source Type
® File () Protocol: HTTP(S), cloud, etc. () OGC API
Source
Raster dataset(s)

b Options

PostgreSQL
g PostaresQ

MS SQL Server
9 Ql

% Oracle

m Virtual Layer

SAP HANA

q; WMS/WMTS
% /)

WFS / OGC API -
% Features

¢, SensorThings
*

Metadata Search

Raster data import dialog.

If you don’t have raster elevation data format, you can import it in any other format, and use

QGIS to convert it to raster.

2. Click Add, then click Close on the dialog and click on the Zoom Full button

3. The raster will be displayed on the screen, by default it is rendered in gray gradient and will
need to be changed in the layer properties by right-clicking the DEM layer and selecting Prop-
erties. Under Symbology, select the drop down menu for Render Type and select Hillshade,

then click OK.

The layer should look like the following figure:



25

Simulating overland oil spills with OilFlow2D

" @ *Untitled Project — QGIS - o X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DERRE UPLLRPPPRA, B8 ENOR K- -0 QEHT =&~ 0~

ROV ZWMB B A/BRR-ZT >3 0 e e qu}yagy AQAR 2a H

rE -z n BRGNS T 9B wes

Layers 1)

YA®RE-RAD :
V [ Domain Outline

9 v [ Boundary Conditions

~ v MESH_SPATIAL_DATA
v [JManning N
~ v & COMPONENTS
[ V ® Sources

V@ OUTPUT_CONTROL
@ | v o OUTPUT RESULTS
L
@
Vo~
L2 Type to locate (... | ‘ Coordinate 723537,1161573 % Scale 1:15748 v | & Magnifier 100% |+ Rotation 0.0° %/ Render ®EPSG:2202 @

Digital elevation model in raster format.

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

3.5 Create the limits of the modeling area (Domain

Qutline)

The limits of the modeling area are defined using 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:

|5 8- /%

Menu buttons for digitalization toolbar.

. Clicking on the button activates the rest of the editing buttons. Now click the Add Polygon

Feature tool which is the bean looking polygon % .
Proceed to delineate the outline of the polygon by marking the vertices clicking with the left
mouse button.

Make sure that the polygon is contained within the limits of the raster layer since OilFlow2D
will not extrapolate elevations to areas that are outside of the available data on the raster layer.
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3. To finalize and close the polygon, right-click anywhere on the screen. 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 n

CellSize | 10|

0K Cancel

Input of attributes for the Domain Outline layer.

fae
If you want to make any correction to the polygon, use the Node tool *1 to move, add or
remove nodes as necessary.

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

/

and click on Toggle Editing icon to deactivate the layer edit mode and complete
the Domain Outline.
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Figure 3.3 — Domain Outline layer.

3.6 Generating the triangular-cell mesh

Now that the Domain Outline layer has been created, proceed to create the mesh.

To generate the mesh, click on the icon
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The following figure shows the generated mesh. You will also find the Layers panel one new layers:
Trimesh :

Figure 3.4 — Mesh generated.

3.7 Entering the spill data

In this tutorial we assume that the spill occurs near the upstream end of the domain. We enter the
spill data in the Source/Sink Sources layer.

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

Oo
O

2. Now click the Add Point Feature tool

3. Click on a point at coordinates () to set the spill location.
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image

4. Then enter the spill name Source 1, and select the source/sink type: Discharge vs Time as
shown:

(@ Sources - Feature Attributes - o X

General | Data

Source/Sink (ID) : |SOURCE_1|

Source/Sink type : | 1.Discharge vs Time v

image

5. While you are on this dialog, activate the Data panel and use the Import Source/Sink File
button to select the ‘SOURCE_1.txt’ file. This file contains the oil spill discharge (flowrate vs
time).
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(2 Sources - Feature Attributes o X

General Data

Source/Sink File |s_Final/base/SOURCE_1.txt | | Import Source/Sink File

Time(hr) Q(m3/s) T°C
1/0 5] 50
2/0.5 3 50
3/0.5001 0 50
4100 0 50
5
OK Cancel

image

6. Once you select the ‘SOURCE_1.txt’ file, a dialog will appear to confirm the type of additional
column data we are importing. Leave the default Temperature and click OK.

L Source X

The file contains additional columns, which type of data are :

Temperature v

0K Cancel
image

7. To complete entering the spill data, click again the Toggle Editing icon (pencil) and Save.

3.8 Assigning Manning’s n roughness coefficients

Manning’s coefficients are used in OilFlow2D to represent the terrain roughness. To assign Man-
ning’s n values, we will enter polygons with particular n’s. There can be as many polygons as
required to reproduce the spatial variability of this parameter. In this example, a single polygon will

be used for the entire area.

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

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

Manning N - Feature Attributes

ManningN |0.035 a

| OK H Cancel ‘

Dialog to input Manning N Feature Attributes.

-

or

4. Click the Save icon "l and then click the Editing Tool icon to deactivate
editing mode.

3.9 Setting the boundary conditions

To define the boundary conditions:
Inflow boundary conditions. Draw a polygon that includes the nodes or vertices at the lower end of

the mesh as indicated in the figure:

Figure 3.5 — Polygon that covers the nodes defining the Inflow 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 outflow conditions are established.

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 input the ID of this BC (Boundary Cond. ID). Click the dropdown
menu for Type of Open Boundary select the boundary condition Type 8.Free outflow.

The window should appear as shown in Figure below:

Boundary Conditions - Feature Attributes -

General BC Data

Boundary Cond. Identify (ID) BC_1

Type of Open Boundary 8.Free outflow v
Bound. Cond. File Name NULL Import BC File
OK Cancel

Outflow Boundary Condition parameters.

5. Click OK to close the dialog box.

/

6. Click the Save icon :ﬂ and then click the Editing Tool icon to deactivate
editing mode.

3.10 Exporting the files to OilFlow2D

Once the layers with the input information to the model have been created, the next step is to run
the tool that exports the data files in the proper format required by OilFlow2D. The process is as
follows:
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. Make sure all of your required layers are active before performing this step.

. Run the Export Hydrodynamic OilFlow2D plugin:

% Export Hydrodinamic QilFlow2D

”~

image

. A dialog window is presented, where we will indicate the raster layer with the Digital Elevation

Model (DEM), as this layer is not created by the plugin and its name may be arbitrary.

. Make sure to indicate a file name (e.g. Oilspill) including the path where the generated files

will be stored, and click OK.

9.1 GilFlow2D X

o OilFlow2D

Export Files to OilFlow2D

Project Directory C:/Users/PC/Desktop/Qilspill_Tutorial
Project Name Oilspil|
DEM (Single Raster) DEM

» Options

v

OK Cancel

Window dialog of the Export to OilFlow2D tool with the example data.

While exporting the data, you will be able to see the task progress at the top of the message
bar. After export completes, version 10 and later users see the Open DIP dialog. QGIS DIP is
selected by default; click OK to open it inside QGIS. To use the historical standalone option, ex-

To run the simulation select the Data Input Program (DIP) to launch the 2D n

QGIS DIP

¥ More options

Classic DIP

Run both & compare

Both Classic &

. In parallel and compar

Both Clas & Sequentially (one after the other

example_run

pand More options, select Classic DIP, and then click OK.

With QGIS DIP selected, the current interface is shown below:
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Control Data
~ Modules
oil spill on Land
~ Components
Open Boundary Condi.
Sources and Sinks
~ Output
Graphic Output Options.
Profile Output
Cross Section Output
Observation Points
Tools
~ Options
Model Selection
License
~ Help
View Help

Open All Files save Al Files

¥ Time control data
Simulation time (hrs.) 2.0
Output interval (hrs.) |0.1
Output interval for components (hrs.) |0.01
Courant number (CFL) | 1.0
Hot start
> Computation control data
> Units
> Initial conditions
¥ Modules
None
Sediment Transport
Pollutant Transport
Mud/Tailings Flow

Plastic/Particle Transport

Ol pill on Land
Ol Spill on Water
Water Quality
Urban Drainage EPA-SWMM
¥ Components

Rainfall/Evaporation

Bridge piers

Culverts

Internal rating tables

Dam Breach

V! Sources/Sinks

Multiple Sources batch run

> Output options

Run OilFlow2D Exit

Weirs
Wind
Bridges
Gates
Infiltration
Bridge scour
1D

www.hydronia.com

About Hydronia OilFlow2D

QGIS DIP Control Data panel for the Oil Spill on Land tutorial.

QGIS DIP and Classic DIP use the same project settings, but their interfaces look different.
Older standalone or non-maintenance versions may open Classic DIP automatically. The
project-specific Classic DIP settings below are retained as a legacy values reference; in this
example, Oilspill .DAT should already be set.

Then the window with the input parameters of OilFlow2D are presented, as shown in the image

below:

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

Control Data
= Modules
Sediment Transport
Polutant Transport
Mud/Taiings Flow
Oil Spill on Land
O Spill on Water
Plastic/Particle Transport
Water Qualty
Urban Drainage EPA-SWA
= Components
Rairfall/Evaporation
Culverts
Bridge Piers
‘Open Boundary Condtior
Sources and Sinks
Weirs
Intemal Rating Tables
Wind
Brdges
Gates
Infitration
Dam Breach
Bridge Scour
Dam Breach New
=)-Output
Graphic Output Options
Profile Output
Cross Section Output
Observation Points

Open Al Files Save All Files

- x
Control Data
Time control data Modules Output options
Open DAT o -
Simulation time (rs): 2 D Sedment Transpot @ Oi Spillon Land O Automatic close of model windows
Save DAT O Polutant Transport O O Spill on Water
Output interval frs.): 0.1 O Mud/Taiings Flow O Water Qualty Output mesdmun fles
Outputinterval ¢4 O Plastic/Particle Transpot O None O Output hazardfle
e = () Uban Drainage EPA-SWMM (0 Output resuts for cross sections
—— [0 Output resuts for profiles
Courant number (CFL): 1| (O Rainfall/Evaporation () Weirs () Output results at observation points
O Hotstat () Bridge piers O Wind () Compute mass balance every
O Culverts () Bidges — output nterval
([ Intemal rating tables () Gates Depth for amival
Computation control data - — 0.0000 |5
() Dam Breach () fitration time calcuiation {m)
RN Marming's n factoc: 1 Sources/Sinks (O Bridge scour
O Manring'sn varable wth depth | ) wtie Sources batchun Intial condtions
Minimum depth for dry bed: -1
— O Diybed
Metic Englis -
Model Selection ! o © Read intial water elevs. from FED file
O OiFlow2D GPU DIP Language: | Engish O Horizontal water suface elevation
© OiFlow2D CPU Parallel computation
(2]
Datafile origin: QGIS Number of cores
2%
Run OilFlow2D Bt © wwwhydronia.com About Hydronia OiFlow2D

Hydronia Data Input Program window.

5. Ensure that the Oil Spill on Land Module is selected, the Sources/Sinks component is selected,
that the Simulation time is set to 2 hours, and the Output Interval for components is set to 0.1.

6. Click [Save .DAT] and overwrite the ‘Oilspill.dat’ file.

7. Now click on the Oil Spill on Land panel, make sure Basic Model radial button is selected, and
enter the data the following data: Oil viscosity: 0.009966468 Pa.s, Flow Resistance Relation



35

Simulating overland oil spills with OilFlow2D

Quadratic, Oil density: 893.19 kh/m3, and Yield stress: 0.1 N/m? as indicated:

Control Data
~ Modules
T i Open .OILP || Save.OlP | @ E:/HydroniallC:
~ Components
Open Boundary Condi ADIOS Oil Database| (@) Basic Model () Heat Transfer Model
Sources and Sinks
~ Output
Basic Model
Graphic Output Options. cic Model - [RfBowncenyjContra)
Profile Output
Cross Section Output Constants
Observation Points
Tools Oil viscosity (Pa*s) 0.009966468
~ Options
Modiel Selection Flow Resistance Relation | Quadratic -
License
- Heb Oil density (kg/m?)  [893.19
View Help
About Yield stress (Pa) 01
Tables
Viscosity-Density File..
@ | TemperatureviscosityDensityQQ.txt
Temperature (°C) Viscosity (Pa*s)
Add row
Open All Files Save All Files Run OilFlow2D Exit

Testing/v10.0.

Density (kg/m>)

L inal/OilSpil\OilSpill.OILP

Evaporation

No evaporation M

a
[}

Wind Velocity (m/s)

Temperatures File...
@  TemperatureTimeseriesQQ.ixt

Time (hrs.)

Add row

www.hydronia.com

Temperature (°C)

About Hydronia GilFlow2D

QGIS DIP Oil Spill on Land panel with Basic Model selected.

The following Classic DIP panel is retained as a legacy values reference:

43 Hydronia Data Input Program - C:\Users\PC\Desktop\Oilspill_Tutorial\Oilspill

Control Data

= Modules
Sediment Transport
Pollutant Transport
Mud/Taiings Flow
0il Spill on Land
Oil Spill on Water
Plastic/Particle Transporl
Water Quaity
Urban Drainage EPA-SW

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

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

Open Al Files Save All Files

= X
Oil Spill on Land
© Basic Model D Heat Transfer Model
Open OILP
(" Basic Model
Save OILP .
Constants
E ratic
O viscosty (Pa's)  0.00996! aporaton
Use calculated density and viscosty
Flow Resistance
i | Quadratic )
C1 0018 Wind Velocity (m/s)
Oi densty kg/m3) 89319 Yieldstress Pa) 0.1 21
Tables
Viscosty-Densty File. Temperatures Fie
[Temperature ViscosityDenstyQQ bt Temperature Time SeriesQQ bt
Temperature ('C) Viscosty (Pa’s) Denstty (kg/m3) Time (hrs.) Temperature ('C)
Run OlFlow2D Ext © www hydronia.com About Hydronia OiFlow2D

Legacy Classic DIP Oil Spill on Land panel.

8. Click [Save .DAT] and overwrite the ‘Oilspill.dat’ file. You will receive warnings for empty files,
you may ignore these.

9. Click the Run OilFlow2D button to run the model. An image similar to the one shown below
should appear:
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& RiverFlow2D Plus

Simulation Status

L3 Msgs (20)
L2 Msgs (2)

908.45 0.00

B L1 Msgs (13)
Nodes read 13579
Cells read 26729
Mesh loaded
Found 58 outlet boundary walls with label :
Outlet boundary conditions ready
Boundaries ready
Sources/sinks file read
Maxopts file read
RiverFlow2D setup loaded
Dry initial conditions set
Source 1 point located in cell 11406
Sources/sinks ready
Simulation setup ready

Time

Info Simulation
B Info Activated t (D H:M:S) At (s.) Volume Error (%) Q Inflow (m3/s) Q Outflow (m3/s)
Kernel compilation: Jul 10 2025 0000 01:26:36 0.529315 0.000000e+00 0.000000 46.657899
The number of threads is set to 24
=== Total Inflow === Total Outflow === Volume Error === Net Sources Flow
50 -_— £
2 40 £
3 30+ z
£ 2 3
g 10+ 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

Progress

The graph generated by the OilFlow2D model.

| Pause | ’ Stop

10. When you have finalized reviewing the information included in this window, close it. The fol-

lowing post processing window will appear indicating the final post-processed task performed
by the OilFlow2D model. The window will close automatically.
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| 4% RiverFlow2Dm5 - [u] X

| File Edit View State Window Help

< C:\Users\PC\Desktop\Oilspill_Tuterial\Qilspill

TWO-DIMENSIONAL FINITE-VOLUME RIVER DYR
(R) TRADEMARK 022 Hydronia,
TS RESERVED

READING SOURCE/SINK DATA
SETTING UP PRE-PROCESSES
LICENSE KEY: RF2
READING MESH DATA 2 C 8 NODES.
GENERATING MESH DATA STRUCTURES
BEGIN PROCESSING BC POLYGONS
END PROC I C POLYGONS
BEGIN REORDERING MANNIN N POLYGONS
END RECRDERING MANNINGS N POLYGONS 0O
BEGIN PR SING MANNIN N POLYGONS
END PROC ING INGS N POLYGONS
BEGIN REGENERATING .FED FILE
.FED FILE
BOUNDARY CONDITIONS

XECUTION COMPLETED.
EXPCRTING ADDITIONAL OUTPUT FILES.

**xx***pPLEASE DO NOT CLOSE THIS WINDOW UNTIL THE O 'UT PROCESS IS COMPLETED*****

PLEASE WAIT WHILE THE PROGRAM COMPUTES MAXIMUM RESULTS AT CELLS
EXTREMES PROCESSED 6.2

MAXTMUMS GENERATED

MAXTMUM VALUES AT CELLS FILES

MAXTMUM RESULTS AND HAZARD L L5 AT CELLS READ 0.3125000
PROGRAM EXECUTION AND OUTPUT PROCESS COMPLETED.

THIS WINDOW WILL CLOSE AUTOMATICALLY IN 16 SECONDS.

[Running |

Final post-processes.

3.11 Creating OilFlow2D maps

Once OilFlow2D has finished running, you may want to create maps using the model results. Oil-
Flow2D QGIS plugin offers several tools to create maps and animations. In this section we will show
how to create depth maps.

1. Click the OilFlow2D Maps
Maps.

%- % % - o
Hydrodynamics Maps » | yg Results vs Time Maps

button dropdown menu and select Results vs Time

Land Oil Maps » ‘ﬁ Maximum Result Maps
Water Qil Maps » Time-to-Depth Maps

image
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2. A dialog window is presented where we will indicate the output files list ‘Oilspil OUTFILES’
and the desired parameter, that will be Depth for time 2 hours. Also indicate the Raster Map
option as shown.

nw
| 94 Results vs Time Maps. X
|
o QilFlow2D
Hydrodynamics Results vs Time Maps
Dat File : jhared/ COURSES/OilSpill WIT 2025/Day_2/Exercise3)\base\base.outfles
Maps Output Times Output Maps
Velocity Field 0000:00:00:00 Depth_0000:02:00:00
Velocity Magnitude 0000:00:06:00
WSE 0000:00:12:00
0000:00:18:00 |
Inital Bed Elevations 0000:00:24:00
Bed Elevations 0000:00:30:00 |
Delta Bed Elevations 0000:00:36:00
Froude Number 0000:00:42:00 |
Q Sediments Field 0000:00:48:00 |
Q Sediments Magnitude 0000:00:54:00
Bed Shear 0000:01:00:00 |
0000:01:06:00 |
Infitration 0000:01:12:00 |
Manning N 0000:01:18:00 i
DT Limiting Times 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 <
|
Map for mutii spill(s) |
V! Cell Maps Raster Maps Resolution for raster map 10 Vector Skip Frequency 1 B

oK Cancel

Window dialog of the Results vs Time Maps plugin.

3. Click OK to start the process. After a few seconds a new layer with the requested map will be
created.

4. Right-click the newly generated layer and select Properties. In the Properties window, click on
the Symbology tab and change the Mode to Equal Count (Quantile) option.
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Oil depth map at 2 hours after the initial spill.

Save the project in QGIS to continue. On the QGIS Project menu, click Save, to save the project
assigning the name Oilspill, in the same directory that you previously selected in the Create New
Project dialog above.
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3.12 Utilizing the Heat Transfer option for oil on land
spills in OilFlow2D

In addition to modeling with density, viscosity, and yield stress, OilFlow2D can account for and
simulate additional properties such as wind velocity, relative humidity, ambient temperature, and
solar radiation effects over time.

Continue from the QGIS DIP or Classic DIP path selected in the export section; no second chooser
is needed for this continuation.

The Heat Transfer model requires a temperature to be set on a third column for each row in the
‘Source_1.txt’ file. If the third column of data is missing, the model will not run.

1. In the selected DIP program with the project loaded, click on the Oil Spill on Land panel. Click
on the Heat Transfer Model radial button and click Open .OILP. Select the OilHT.OILP file and
click Open.

This will load a template with the environmental parameters file and a yield stress table to use
in the subsequent simulation.

Control Data
~ Mo

Open .OILP Save .OILP | €@ E:/HydronialLC- o ttorials/ Testing/v10.0_| L 0ilSpill\OilSpill.OILP

ADIOS Oil Database Basic Model (®) Heat Transfer Model

Environmental Parameters | Density | Viscosty | Yield Stress | Evaporation | Boundary Control

Quadratic M Envi rameters | Use Environmental Parameters File ~

ure (INLT) (°C) | 55.000

ions
Model Selection
License

Heat capacity (Cp) (kg C) 1900.000
View Help
About

Time (hr) Wind Velocity (m/s) __Relat. Humidity Temperature (°C) _solar Radiation (W/m? *
2558 1
085 2098 1
il max. temperature (°C) 180.000 <
085 36.86 1
085 37.13 1
0.85 3458 101
0.85 3082 151
2871 s01
085 2659 151
085 2558 101
085 2937 1
0.85 3481 1

085 36.66 1

)
°

Open All Files Save Al Files Run OilFlow2D Exit vivow.hydronia.com About Hydronia OilFlow2D

QGIS DIP Oil Spill on Land panel with Heat Transfer Model selected.

2. Click Save .OILP and select Oilspill. OILP to overwrite the file that the project is utilizing for the
run.
3. Click on the Control Data panel and change the Simulation time (hours.): to 24.

We change the simulation time to account for the day/night cycle and observe how oil proper-
ties are affected by ambient temperature changes.

*OPTIONAL* Under Model Selection select GPU if your computer has an nVidia GPU installed.
This can significantly accelerate the simulation

4. Click Run OilFlow2D, then click Yes to save the changes and overwrite the existing Oilspill.dat
file.
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Having run the Heat Transfer model, QGIS will be able to produce additional Results vs. time outputs.
These will appear in QGIS, in the Results vs. time dropdown menu:

%% % B -l

Hydrodynamics Maps » ‘ B J
Oil Land Properties Maps ¥ | ‘sg Oil Properties vs Time Maps
Oil Water Properties Maps 4 % Oil Properties Maximum Maps

Concentrations and Properties vs Time Maps ‘

Figure 3.6 — Oil Properties vs. Time Maps menu button.

@3 0il Land Properties vs Time Maps. X

o OilFlow2D

Oil Spill on Land Properties vs Time Maps
Dat File : pctsShared/ COURSES/OilSpill WIT 2025/Day_2/Exercise3\base\base.dat

Maps Output Times Output Maps
Oil Temperature 0000:20:06:00 B
| il Density 0000:20:12:00
| il Viscosity 0000:20:18:00
| Ol Yield Stress 0000:20:24:00
0000:20:30:00
| 0000:20:36:00

0000:21:00:00
0000:21:06:00
0000:21:12:00
0000:21:18:00

:24:00

0000:21:48:

:00
0000:21:54:00 ->
0000:22:00:00
0000:22:06:00 <
0000:22:12:00

0000:23:12:00
0000:23:18:00
0000:23:24:00
0000:23:30:00
0000:23:36:00
0000:23:42:00
0000:23:48:00
0000:23:54:00
0001:00:00:00

Map for mutii spill(s)
V' Cell Maps Raster Maps Resolution for raster map 10| Vector Skip Frequency 1

oK Cancel

Figure 3.7 — Output map options for Oil Properties vs. Time Maps.

3.13 Animating oil spill on land results in OilFlow2D

Sometimes it is better to view an animation of the results for a different audience, or to view all of the
results quickly. Animations can also be exported to a movie file for maximum portability. To create
an animation, complete the steps as follows:

1. In QGIS, click on the Oil Animation Button in the OilFlow2D toolbar.
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2. A panel will open on the bottom left side of the QGIS interface.

QilFlow2D Animation (=]ES)
Select layer & Add Layer
Delete Layer
QOutput Time
-
Renderer Style
|< E |= o I

Speed | 1

Export Shape | | Export Image Export Video

Output map options for Oil Properties vs. Time Maps.
3. Click on the Select Layer dropdown menu and select Depth. Click on the Add Layer button.
4. After the animation loads, it will be listed in the list window under the Select layer button.

5. in the Layers panel above, there will be a new group named ANIMATION which will contain
the newly created Depth animation layer.

6. The layer needs to be moved above the DEM layer so that it is visible when being played. Click
and drag the ANIMATION group and make sure to drop it above the layers that would need to
be underneath it, such as the DEM and satellite imagery layers as in the following figure:

b (W] ANIMATION
+ |V ¥ ESRI Satellite
v I DEM

Layer order for Animations to be visible.

E
7. To play the animation, click the Play button in the OilFlow2D Animation panel.

Make sure all other output layers have been disabled.

The user can change the speed of the animation, export the animation as a shape file, export an
image of a particular frame of an animation, and finally export a video via the buttons located at the
bottom of the OilFlow2d Animation panel.

This concludes the tutorial Simulating overland oil spills with OilFlow2D.



Multiple Scenario Project Tool

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 version of
the OilFlow2D plugin for QGIS allows the management of multiple scenarios within the same project.
Variants of the same model can be created as subprojects, keeping the scenarios organized in one
project.

4.1 New interface elements for managing multi-scenario
projects in OilFlow2D

The OilFlow2D toolbar includes a scenario drop-down list. The first toolbar button opens the New OilFlow2D Project/S
menu, which contains New OilFlow2D Project, New Scenario, and Delete Scenario. The OilFlow2D Tools

menu contains Import Single to MultiScenario Project for converting an existing single-scenario
project. The figures below show these current OilFlow2D controls in workflow order.

hathd - RO CRE Al = Bl Shg RE=TE .

Figure 4.1 — OilFlow2D toolbar with the scenario list

%] New Scenario
Figure 4.2 — OilFlow2D New Scenario menu item

43
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Import Single to MultiScenario Project

Figure 4.3 — OilFlow2D Import Single to MultiScenario Project menu item

4.2 Creating a new OilFlow2D multiple-scenario project
using QGIS

1. Open Plugins > OilFlow2D MS > New OilFlow2D Project/Scene and select New OilFlow2D Project.

%] New OilFlow2D Project

OilFlow2D menu to create a new project

2. Inthe Create New OilFlow2D Project dialog, choose the project directory and review the layers

to include. The Name initial scenario : field is initially of2d_base in the current interface. Use
a short scenario name without spaces, for example base, before confirming the project.
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OOiIFIOWZD

Create New QilFlow2D Project

Layers | all v
v MeshDensityLine v MeshDensityPolygon
V| MeshBreakLine v | Multiple DEM Boundaries
v Manning Nz
v Initial WSE
V| Bridges V| Initial Concentrations
V| Gates
V| Culverts v Initial Bed Fractions
V| Weirs
V| DamBreach
v/ Piers V| Channels1D
V| Abutments V| Boundary Conditions 1D
Vv Infiltration
v RainEvap
V| OilSpills
V| Wind
v OilRetentionDepth
V| Source/Sink
v | Shoreline type
v Internal Rating Table
v Vegetation_Trapping
V| MaximumErosionDepth V| Initial Conditions Oil
V| Spill Boom
V| CrossSections
v SpillPaths
V| Profiles
v OilPipeLine

V| ObservationPoints
OilPipelineValves
Projection EPSG:2229
Name initial scenario : |of2d_base
Project Directory

OK Cancel

OilFlow2D Create New OilFlow2D Project dialog

The selected project directory contains a subfolder with the initial scenario name. That scenario
folder contains the shape data folder and the other OilFlow2D layer data. Each additional scenario
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receives its own scenario folder and shape data folder.

4.3 Create a new scenario

After creating a multi-scenario project, or after converting an existing project as described below,
create an additional scenario from the current scenario.

1. Open Plugins > OilFlow2D MS > New OilFlow2D Project/Scene and select the visible New Scenario
action.

tﬁ New Scenario

OilFlow2D menu for creating a new scenario

2. Inthe Add New Scenario to OilFlow Project dialog, enter a short name without spaces in New Scenario Name :.
The configured example uses scenario_a, as shown below, and then confirms with OK.

OOiIFIOWZD

Add New Scenario to QilFlow Project

New Scenario Name : |scenario_a

OK Cancel

Add New Scenario to OilFlow Project dialog configured with scenario_a

The new scenario is based on the input layers of the current scenario. OilFlow2D creates the new
scenario folder, copies the required input-layer files, updates the layer paths, and adds the new
name to the scenario list. Post-processing products such as maps and animations are not copied.

4.4 Switching scenarios

1. Open the scenario list in the OilFlow2D toolbar and select the desired scenario. The example
below shows base and scenario_a in the list.

base

scenario_a

OilFlow2D scenatrio list with base and scenario_a
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2. When changing from the current scenario, OilFlow2D displays the QilFlow2D confirmation di-
alog with the message Do you want change scenario?. Choose Yes to switch or No to remain
in the current scenario.

Do you want change scenario?

Yes No

OilFlow2D confirmation dialog for switching scenarios

When a scenario is switched, the state of the layers in the current scenario is saved automatically.

4.5 Deleting scenarios

1. Open Plugins > OilFlow2D MS > New OilFlow2D Project/Scene and select the visible Delete Scenario
action.

%] Delete Scenario

OilFlow2D Delete Scenario menu item
2. Complete the deletion through the visible OilFlow2D dialog and prompts.

Do not delete a scenario folder manually from the project directory. The project can become unus-
able; use the OilFlow2D action instead.

4.6 Import an QilFlow2D project into Multi-scenario
mode

The multi-scenario tool can convert an existing single-scenario OilFlow2D project.

1. Open Plugins > QilFlow2D MS > OilFlow2D Tools and select the exact visible action Import Single to MultiSce

Import Single to MultiScenario Project

OilFlow2D Tools menu with Import Single to MultiScenario Project
2. In the visible import window, choose the source .DAT file and confirm the import.

OilFlow2D creates a scenario subfolder for the imported project, copies the project data into that
scenario folder, and updates the QGIS project metadata and layer sources to the new locations.
The scenario list is then updated with the imported scenario.

The original project files remain in the project folder. Keep the QGIS project file (.qgz) and remove
the original data only when it is no longer needed.

This concludes the tutorial on using the Multiple Scenario Project tool within the QGIS OilFlow2D
toolbar.
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This tutorial will explain how to use the OilFlow2D model to simulate oil spills from a pipeline utilizing
the Qil Pipeline Module. The steps to accomplish this are as follows:

1. Starting QGIS and Creating a new OilFlow2D project.

2. Adding the required layers.

3. Create the Pipeline by adding the Oilpipeline layer.

4. Running the Oil Pipeline Break Module within the QilFlow2D plugin.

5. Generating the triangular mesh and exporting the data files to the QilFlow2D model.
6. Configuring parameters in the Hydronia Data Input Program.

7. Creating maps of all sources from results data.

5.1 Tutorial data

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

48
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Name Date modified Type Size

'A| DEM.tif 4/22/2024 4:13 PM TIF File 14,090 KB
~ OILPTemperatureDensity.txt 7/25/2023 11:57 AM Text Document 1KB
| OILPTemperatureViscosity.txt 7/25/2023 11:57 AM Text Document 1KB
_ OILPTemperatureYieldStress.txt 7/25/2023 11:57 AM Text Document 1KB
© OPLBC_1.txt 7/25/2023 11:57 AM Text Document 1KB
| OPLBC_2.txt 7/25/2023 11:57 AM Text Document 1KB

| PipelineTutorial OILP 7/28/2023 12:52 PM OILP File 1KB
- TemperatureTimeSeriesQQ.txt 7/27/2023 4:48 PM Text Document 1KB
~ TemperatureViscosityDensityQQ.txt 7/27/2023 4:48 PM Text Document 1KB

Figure 5.1 — Files with data required in this tutorial.

5.2 Starting QGIS and Creating a new OilFlow2D project

1. To create a new OilFlow2D project, open QGIS and then click on the New OilFlow2D Project

button in the toolbar. A dialog window appears where you select the optional
component layers, the Coordinate Reference System (CRS), the initial scenario name, and the
project directory. For this example, select none in Layers, choose EPSG:2202, keep Name
initial scenario set to base, and use SimulatingPipelines as the Project Directory.
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OOiIFIOWZ

Create New QilFlow2D Project

Layers | none ¥

MeshDensityLine MeshDensityPolygon
MeshBreakLine Multiple DEM Boundaries
Manning Nz

Initial WSE
Bridges Initial Concentrations
Gates
Culverts Initial Bed Fractions
Weirs
DamBreach

. Channels1D

Piers
Abutments Boundary Conditions 1D
Infiltration
RainEvap

QilSpills
Wind

OilRetentionDepth
Source/Sink

Shoreline type
Internal Rating Table

Vegetation_Trapping

MaximumErosionDepth Initial Conditions Oil
Spill Boom
CrossSections
SpillPaths
Profiles
QilPipeLine

ObservationPoints
OilPipelineValves
Projection EPSG:2202
Name initial scenario : |base
Project Directory |SimulatingPipelines

OK Cancel

New QOilFlow2D Project window configured for SimulatingPipelines.

Copy all of the files from the SimulatingPipelines tutorial folder into the new scenario folder
created. In this example it would be copied into \SimulatingPipelines\base.
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2. Save the QGIS project by clicking on the Save Project :i icon in the toolbar.

3. Make sure to save the QGIS project above the scenario folder. In this example it would be
saved under \SimulatingPipelines\.

5.3 Setting up the required layers

The Digital Elevation Model (DEM) or Digital Surface Model (DSM) needs to be added to the project,
then the Domain Outline, Manning N will need to be drawn and given input values.

1. In this tutorial we will load a DSM clicking the Add Raster Layer button & . You may also
use the QGIS shortcut Control+Shift+R.

The DSM file DEM.1if is located in the extracted SimulatingPipelines tutorial folder.

2. Drag the newly added DSM layer to the bottom of the list in the Layers panel:

Layers 2=
& @ @ T [E =
v Domain Outline
v Boundary Conditions
V| 3] MESH_SPATIAL DATA
Manning N
COMPONENTS
OUTPUT_CONTROL
OUTPUT_RESULTS
== DEM

EIEIEAS

<< <<

Layer order for DEM.

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.

3. Right-click the DEM layer and select Zoom to layer(s).

This is what you should have on your screen so far:
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hahd-achd e -R=h =™

Layers
Vo Masvi-#ad
[ Domain outine
[ Boundary conditions
= | (B MESH SPATIALLDATA
V[ Manning N
. (B CoMPONENTS
. & ouTpuT_CONTROL
(8 outpur Resuts
v ¥ pem

SHOBABNIEN

Comdinae 716541153450 9§ Scl et

QGIS Layout after adding the DEM.

4. The limits of the modeling area are defined using a polygon on the Domain Outline layer. To
create it do as follows: Select the Domain Outline layer in the Layers panel and click on Toggle

Editing icon in the toolbar section.

5. Click the Add Polygon Feature tool 5 . Proceed to delineate the outline of the polygon by
clicking the vertices with the left mouse button as shown:
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Domain Outline area.

6. Right-click to close the polygon. A dialog will appear asking for the Cellsize value for our mesh.
Input 20 as our value.

() Domain Outline - Feature Attributes O X
CellSize 20| a|
‘ OK H Cancel |

Domain Outline Feature cellsize input dialog box.

7. Click the Save icon i and then click the Toggle Editing icon to deactivate
editing mode.

8. Now that we have created the Domain Outline, deactivate the Boundary Conditions layer by
unchecking the box on the left side, as it will not be used for this exercise.

9. Select the Manning N by clicking on the layer located under the MESH SPATIAL_DATA group.

10. Click on Toggle Editing icon in the toolbar section.
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11. Click the Add Polygon Feature tool % . Proceed to delineate the outline of the polygon
by clicking the vertices with the left mouse button, keeping the polygon outside of the Domain
Outline polygon as shown:

o g

Domain Outline Feature cellsize input dialog box.

12. Right-click to close the polygon. A dialog window will appear to input the Manning N coefficient.
Enter the value 0.03.

13. Deactivate the Boundary Conditions layer in the Layers panel by clicking the checkbox on the
left side. It will not be used in this tutorial.

14. Click the Save icon i and then click the Toggle Editing icon to deactivate
editing mode.

15. Save the QGIS project by clicking on the Save Project i icon in the toolbar.

5.4 Create the Pipeline by adding the Oilpipeline layer

A polyline will be used to delineate the location and length of the pipeline for this tutorial. First, a the
Oilpipeline layer must be created:
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. Click on the OilFlow2D Tools dropdown menu and select New Template Layer.

Q-] Add Layer Template X

OOiIFIOWZD

Add Template Layer to OilFlow Project

Components | Mesh

Manning N Initial WSE

CCTHITEE Initial Concentrations
Initial Bed Fractions

Bridges

Gates MaximumErosionDepth

Culverts

Channels1D

We
eirs Boundary Conditions 1D

DamBreach

Piers Qilspills

‘ Abutments OilRetentionDepth

‘ Infiltration Shoreline type

| RainEvap Vegetation_Trapping
Wind Initial Conditions Oil
Source/Sink Spill Boom

‘ Internal Rating Table SpillPaths

| CrossSections V| OilPipeLine

Profiles

OilPipelineValves
ObservationPoints

[ o Cancel

Add Layer Template window.

. Click [OK] in the Add Layer Template window.

. Select the OilPipeLine layer in the Layers panel and click the Toggle Editing icon

in the toolbar section.

. Click the Add Line Feature button and then start to draw the pipeline on the map by

left-clicking to create the vertices.

. Right-click to end drawing the pipeline. A dialog window will appear requesting to add addi-

tional data about the pipeline. Keep default values and make the pipe diameter 3 meters as

shown:
2 Oilpipeline - Feature Attributes [m] X

OilPipeLine (ID) : 1
Pipe Diameter (m) : 1]

Pipe Roughness (m) : |0.00015

OK Cancel
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Oilpipeline layer input dialog box.

The finished pipeline should look similar to the following:

P

A

Finished Oilpipelines polyline.

6. Save the QGIS project by clicking on the Save Project i icon in the toolbar.

5.5 Running the Oil Pipeline Module within the
QilFlow2D plugin

The Oil Pipeline Break Model tool will be used in this tutorial to create the sources of the spill along
the length of the pipeline. It requires us to specify the length between each break, the total inflow
rate, the oil properties, and will calculate the spill outflow rates for each break based on these
parameters.

1. Click on the OilFlow2D Tools % dropdown menu and select Run Oil Pipeline Break
Model.

2. Enter the data as shown in the following figure:



57 Simulating Oil Pipeline Breaks
%3 Run Qil Pipeline Break Model
. QOil Pipeline Break Model
I Calculation interval (seconds) : |15.0
Distance between spill points [Delta X] (m) : 200
| Leak diameter (m): |0.5 Discharge coeff.(0-1) : 0.6
| Friction coeff. : |0.03
| Oil Properties
|
Density (kg/m3) : 950
: Kinematic Viscosity (m2/s) : |0.00001
| @) Basic Model Heat Transfer Model Output Oil Temp (°C) : |35
|
| Initial pressure head at pipe end (m) : |50
Initial flowrate (m3/s) : |0.5
|
Valve closing time (seconds) : |60
| Assign elevations to spill points from:
OlilPipeline nodes
@) DEM layer | DEM v | Offset(m): |0
Get elevations from Multiple DEM Boundaries
Using local mesh  Cell Size : |20 H/V Size (m) : (0.5
Run Close
| —
Oil Pipeline Break parameters.
3. Click [Run]. The plugin will generate a new Sources layer, populate it with the spill points and

they will appear along the pipeline in the map area:

%3 Information X

o Import multi source file is ready!

oK

Spill sources created after running the Oil Pipeline Break Model.

4. Save your QGIS project by clicking on the Save Project icon in the toolbar.
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5.6 Generating the triangular mesh and exporting to the
OilFlow2D model

1. Create the mesh with a cell size of 20 meters by clicking on the Generate Trimesh
button.
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Spill sources created after running the QOil Pipeline Break Model.

A

Save your QGIS project by clicking on the Save Project icon in the toolbar.

w

Click on the Export files for OilFlow2D dropdown and select Export Hydrody-
namic OilFlow2D.

4. Leave all default values and click [OK] to export.

After export completes, version 10 and later users see the Open DIP dialog. QGIS DIP is
selected by default; click OK to open it inside QGIS. To use the historical standalone option, ex-
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pand More options, select Classic DIP, and then click OK.

To run the simulation select the Data Input Program (DIP) to launch the 2D n

QGIS DIP

¥ More options
Classic DIP

Run both & compare

Both Classic & . In parallel and compar

-

Both Classic & . Sequentially (one after the other)

Run name: |example_run

With QGIS DIP selected, the current interface is shown below:

Control Data "
e ¥ Time control data
il Spill on Land )
- Coman Simulation time (hrs.) |2.0
Open Boundary Condi. Output interval (hrs.) 0.25
Sources and Sinks P =L
~ output Output interval for components (hrs.) (0.25
Graphic Output Options
Profile Output Courant number (CFL) 1.0
Cross Section Output
Observation Points Hot start
Tools
~ Options » Computation control data
Model Selection =
License > Uts
- Hel
P e Help > Initial conditions
About ¥ Modules
None
Sediment Transport
Pollutant Transport
Mud/Tailings Flow
Plastic/Partice Transport
) 0l Spillon Land
Ol Spill on Water
Water Quality
Urban Drainage EPA-SWHMM
¥ Components
Rainfal/Evaporation Weirs
Bridge piers Wind
Culverts Bridges
Interna rating tables Gates
Dam Breach Infitration
V] Sources/Sinks Bridge scour
V] Multiple Sources batch run 1
» Output options
Open All Fies Save AllFiles Run OiFlow2D Exit vy hydronia.com

About Hydronia OilFlow2D

QGIS DIP Control Data panel for Simulating Pipelines.

QGIS DIP and Classic DIP use the same project settings, but their interfaces look different.
Older standalone or non-maintenance versions may open Classic DIP automatically. The
project-specific Classic DIP settings and Run steps below are retained.

5.7 Configuring parameters in the Hydronia Data Input

Program

The tutorial will simulate pipeline breaks at each of the spill points for 2 hours with 15 minute intervals.

Please do the following:
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1. Configure the Control Data parameters with the parameters in the figure below:

n

w

B

The following Classic DIP Control Data panel is retained as a legacy values reference:

4% Hydronia Data Input Program - EATutorials\SimulatingPipelines\base\base

- X
Control Data Control Data
& Modules
?E.TE:TTWSDT — Time control data Modules Output options
ollutant Transpor pen ~
Mud/Taiings Aow Smulation time (s ): 2 O ETMTT@"SDO" 9 g': z"':: <l ";”d B Automatic close of model windows
Oil Spil on Land Save DAT ) Polutant Transport - ) Oil Spill on Water Oulput fle
Ol Spill on Water Output interval hrs ) 025 O Mud/Taiings Flow () Water Qualty ! D
Plastic/Particle Transporl Outputinterval o5 O Plastic/Particle Transpot () None [:| Output hazard file
Water Quality for components {rrs): () Urban Drainage EPASWMM () Output results for cross sections
Utban Drainage EPA-SW Version -
= Components 00081304 Components [:I Output results for profies
Rairfall/Evaporation Courant number (CFL): 1 () Rainfall/Evaporation () Weirs () Output results at observation points
g\‘;"‘z‘;en gl")ez ¥§;i°ﬂ () Hot start (O Bridge piers O wind () Comute mass balance every
o O Culverts (O Bidges " output interval
Open Boundary Condtior — 0 - ‘
Sources and Sinks Computalion control data [0 Intemal rating tables () Gates or amival 0000 B
Weis (O Dam Breach O Inftration e ) =
Intemal Rating Tables o Marring's nfactor: |1 I® Sources/Sinks () Bridge scour
Wind [J Manning's n variable with depth @ Wuitiple Sources batch un Initial conditions
Bidges Minimum depth for dry bed: -1
Gates — © Drybed
Metric Englih .
:;:gc;h;zw Model Selection " e O Read initial water elevs. from FED fie
Dam Breach © 0ilflow2D GPU DIP Language: | Engish O Horizontal water surface elevation
= Output O OilFlow2D CPU Parallel computation
Graphic Output Options (2]
Profile Output Data file origin: QGIS SRYced
Cross Section Output NVIDIA GeForce GTX 1080 Ti
Observation Points
Tools
Open Al Fles  Save Al Fies Run Oiflow2D Ext @ ywwhydonia com

Legacy Classic DIP Control Data parameters.

About Hydronia OilFlow2D

Click on the Oil Spill on Land module in the left pane of the DIP.

Click on the [Open .OILP] button.

Browse to the ‘SimulatingPipelines’ folder and select the ‘PipelineTutorial.OILP’ then

[OPEN].

The Oil Spill on Land window should look like the figure below:

File Edit View

Control Data

~_Modules Open OILP || Save OIP | €@ E:/HydroniallC:

Oil Spill on Land
~ Components
Open Boundary Cond.

ADIOS Oil Database|  (®) Basic Model () Heat Transfer Model
Sources and Sinks
~ output
e ehic Qutput Options Basic Model | Boundary Control
Profile Output
Cross Section Output Constants
Observation Points
Tods Oil viscosity (Pa¥s)  [0.003
~ Options
Mode! Selection Flow Resistance Relation | Simplified Bingham ~
License L
© hep Oil density (kg/m?) (9500
View Help
Aot Yield stress (Pa) 001
Tables
Viscosty-Density Fil...
@  TemperatureViscosityDensityQQ.oxt
Temperature (°C) Viscosity (Pa*s)
1/-1000 0.003
22000 0.003
Add row
Open All Files Save AllFiles Run OiFlow2D Bt

950

950

Testing/v10.0

Density (kg/m?)

Evaporation
No evaporation
c
=}

Wind Velocity (m/s)

Temperatures File...

@  TemperatureTimeSeriesQQ.ot

Time (hrs.)
1/0.0

2/ 10000.0

Add row

‘www hydronia.com

Temperature (°C)

About Hydronia OilFlow2D

QGIS DIP Qil Spill on Land panel for Simulating Pipelines.

The following Classic DIP Oil Spill on Land panel is retained as a legacy values reference:

click



61

Simulating Oil Pipeline Breaks

4% Hydronia Data Input Program - EA\Tutorials\SimulatingPipelinesFinal\base\base

Control Data
= Modules

Qil Spill on Land

Sediment Transport
Poliutant Transport
Mud/Tailings Flow

il Spill on Land

Oil Spill on Water
Plastic/Particle Transporl
Water Quality

Urban Drainage EPA-SW

Open OILP

Basic Model
Save OILP
Constants

ADIOS Oil Database

Rainfall/Evaporation
Culvets Oil densty (kg/m3) 950
Bridge Piers

Open Boundary Conditior
Sources and Sinks Tables

Weirs Viscosty-Density File...
Intemal Rating Tables

Oil viscosty (Pas)  0.003

Flow Resistance

= Components Relation  Smplfied Bngham

© Basic Model O Heat Transfer Model

Evaporation
No evaporation v

C163 Wind Velocity (m/s)

Yield stress (Pa)  0.01 €2 103 1

Temperatures File

Wind | Temperature ViscosityDensityQQ tt
Bridges
Gates

Temperature Time SeriesQQ tt

Infiltration

Bridge Scour

Dam Breach
& Output -100.0 0.003

Graphic Output Options 200.0 0003

Profile Output

Cross Section Output

Observation Points

- Tools

Viscosty (Pa’s)

Densy (g/m3)

832 0.0 50.0
832 10000.0 50.0

Temperature (°C)

Open Al Fies  Save Al Fies Run Oifiow2D Ext @ wwhydronia com

About Hydronia OilFlow2D

Legacy Classic DIP Qil Spill on Land parameters.

Click [Save].

5. Click the [Save .OILP] button. Keep the default name (The name of the scenario in your case).

6. Return to the Control Data pane and Click [Run OilFlow2D].

7. When asked to save the DAT file, Click [Yes] and click [Save], making sure it is in the default

project directory with the name provided.

Multiple model windows will appear and close automatically during the simulation process,

they will look like the following figure:
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& OilFlow2D Heat Transfer GPU (Build: Feb 12 2024) - = X
Simulation Status 0.00 Temperature (°C) 50.00 | 0.00 Depth (m) 0.44
L3 Msgs (18) SRS E— ——
L2 (1)

s
Cells read 9326

Mesh loaded

Boundaries ready

Sources/sinks file read
RiverFlow2D setup loaded

Dry initial conditions set

Source 1 point located in cell 5063
Sources/sinks ready

Initial uniform temperature set

Qil flow parameters ready

Heat exchange parameters ready
Simulation setup ready

Warnings
B Warnings Activated (D H:M:S at(s Mass Error Q Inflow Q Outflow Inflow Dens Outflow Dens
Kernel compilation: Feb 12 2024 B m3/s m3/s} (kg/m= kg/m=)

GPU device ID selected by user: 2 00-00:00:00 0.00000 0.00000 0.000 0.000 0.000 0.000
GPU: NVIDIA GeForce GTX 1080 Ti

Progress
ENNNNNNNNNNER Pause Stop

OilFlow2D model window.

When this process ends, the windows will all be closed automatically. The model has finished
simulating all sources.

5.8 Creating maps of all sources from results data

The QilFlow2D plugin for QGIS can create a single layer with the results of the multiple pipeline
breaks. In this example a map of the combined spill affected area will be created. This can be
performed with the following steps:

1. In the OilFlow2D Maps dropdown button in the OilFlow2D toolbar, click on Hydrodynamics
Maps and then Maximum Result Maps.

2. Click the [. . .] button to specify the Maximum Value File. A dialog will appear.

%-H B[

Hydrodynamics Maps » % Results vs Time Maps

Qil Land Properties Maps »

‘& Maximum Result Maps

‘ﬁ Time-to-Depth Maps

-

Qil Water Properties Maps

Concentrations and Properties vs Time Maps

image

3. Browse into the newly created results folder, named ‘spill0001°. Select the file with your project
name _cells_max.textout. In this example the file is named ‘Pipelines_cells_max.textout’.
Click [Open].
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4. Alist will appear in the Maximum Result Maps window. Click the checkbox for Maximum Spill

Area, and select the radio button for Infegrated layer that contains all sources/spills, then click
[OK].

94 Maximum Result Maps X |

OOiIFIOWZD ’

Hydrodynamics Maximum Result Maps ’

|
.Dat File: y 2/Exercise4\base\base.dat

Maximum velocity magnitude

Maximum depth |

‘ V| Maximum Flood Area
Maximum WSE

| Maximum depth x velocity

Maximum Shear Stress

Impact Force

() Map for mutli spill(s) v

(®) Integrated layer that contains all sources/spills

V| Cells Maps Raster Maps Resolution for raster map | 10 Cancel

Maximum Result Maps window.

After classifying the spill-area polygons by the layer attribute that corresponds to the spill point,
the final result should look like the following:

Q@ Pipsines —QGls
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

BRRH Ospenpp 18 LU0 H-BE-§-5 QEMIE-=-9
RQV.Z2 BB /4 =4 = 599 % AQQR 292 H

R Y- -t = [HapTior Gaseming 1
V; Kasws-#an

B v |_|Demain Outline
Boundary Conditions
= W/ (B MESH_SPATIAL DATA
V|| Manning N
~ /(B COMPONENTS
- v — Oilpipeline
v sources
| oUTRUT CONTROL
¥ W (¥ ouTPUT RESULTS
* v 0 GlobalMaximumFlosdArea
[l MaximumFloodArea_spilloo01
v Il MaximumFioodirea spilopo2
[l MaximumFloodArea_spillo003
[l MaximumFloodArea_spillo00s
v [ MaximumFioodirea spilooos
Il MaximumFloodarea_spillo00
v ¥ DEM

SEHBABAY

Q Type o locate (CriK

Coordinate 718795,1151356 W Scale 1:6695

Final integrated map of all spill areas.
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This concludes the Simulating Oil Pipeline Tutorial.



Simulating overland oil spills from a tank break

This tutorial explains how to use the QilFlow2D model to simulate overland oil spills from a tank
break. The steps to accomplish this are as follows:

1. Start QGIS and create a new OilFlow2D project.

2. Adding the terrain elevation data.

3. Create the limits of the modeling area (Domain Outline).

4. Setting the boundary conditions.

5. Assigning Manning’s n roughness coefficients.

6. Using the Weirs layer to create the tank.

7. Filling the tank with oil utilizing the Initial WSE layer.

8. Generating the triangular mesh and exporting the data files to the OilFlow2D model.
9. Configuring parameters in the Hydronia Data Input Program.

10. Creating OilFlow2D maps and animations from results data.

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

65
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Name

A base.OILP

Bl DEM.tif

™ densdummyfile.txt

@ EnvironmentData.txt

M EPSG Projection 2202.txt

P SOURCE 1.txt

@ TemperatureTimeSeriesQQ.txt

m TemperatureViscosityDensityQQ.txt
™ viscdummyfile.txt

@ ysdummyfile.txt

Figure 6.1 — Files with data required in this tutorial.

6.1 Start a new OilFlow2D project

1. To create a new QilFlow2D project, click on the New OilFlow2D Project button %l in the tool-
bar. 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. Select None,
then enable Domain Outline, Manning N, BoundaryConditions, InitialWSE, and Weirs. This
tutorial uses the InitialWSE layer to define the oil level and the Weirs layer to outline the tank.

2. Select the Projection: Coordinate Reference System (CRS) EPSG code: 2202 corresponding
to REGVEN / UTM zone 19N - Projected

3. Use the same working Project Directory:

ExampleProjects\SimulatingTankbreaks
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Q-1 Create Layer X

o OilFlow2D

Create New OilFlow2D Project

Layers | none ~

MeshDensityLine

MeshBreakLine

Manning Nz

Bridges
Gates
Culverts

V! Weirs
DamBreach
Piers
Abutments
Infiltration
RainEvap
Wind
Source/Sink

Internal Rating Table

MaximumErosionDepth

CrossSections

Profiles

ObservationPoints

Projection

MeshDensityPolygon

Multiple DEM Boundaries

V' Initial WSE

Initial Concentrations

Initial Bed Fractions

Channels1D

Boundary Conditions 1D

Oilspills
OilRetentionDepth
Shoreline type
Vegetation_Trapping
Initial Conditions Ol
Spill Boom

SpillPaths

OilPipeLine

OilPipelineValves

EPSG:2202

Name initial scenario : | base
Project Directory  tsShared/_COURSES/OIlSpill WIT 2025/Day_3/Exercise5

oK Cancel

Create New OilFlow2D Project.

4. After clicking OK, the templates of the layers are created, and displayed on the Layers Panel:

Layers @

|3 eV &E-F AL

v u Domain Outline
v/ [ Boundary Conditions
~ |V [l MESH_SPATIAL_DATA
v Manning N
v [l mitialwse
~ || [{l COMPONENTS
V| — Weirs
v/ (il OUTPUT_CONTROL
v/| [l OUTPUT_RESULTS

Layers created for the project.

OilFlow2D will use the unit system defined in the projection you selected. If the projection has
coordinates in feet, units will be set to English. If the projection coordinates are in meters, units will

be set to Metric/Sl.

6.2 Load elevation data

OilFlow2D uses elevation data in raster format.

1. To load the raster elevation file, from the Layer menu, click Add Layer, and then click Add
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¥

Raster Layer.... You may also click the Add Raster Layer button

The following dialog will appear where you can select the raster file containing elevations. In
this case, select DEM.tif from the extracted SimulatingTankbreaks folder.

(X Data Source Manager | Raster

[m] X
h Browser “ Source Type
\ ; Vector ®) File Protocol: HTTP(S), cloud, etc. OGC API
Source
Raster dataset(s) C:\Users\User\Desktop\Day 3\TankOilSpil \DATA\DEM.tif a
° Point Cloud .
* v Options
Delimited
# Text Consult GTiff driver help page for detailed explanations on options
‘;ﬁ GeoPackage NUM_THREADS
GEOTIFF_KEYS_FLAVOR <Default> -
"= Gps
L GEOREF_SOURCES
# 4 Spatialite SPARSE_OK <Default> =
 PostaresQL IGNORE_COG_LAYOUT BREAK | <Default> =
MS SQL
# Server
* Oracle
Close Add Help

Raster data import dialog.

2. Click Add, then click Close on the dialog and click on the Zoom Full button él or by right-
clicking the DEM layer and selecting Zoom to layer.

3. The raster will be displayed on the screen, by default it is rendered in gray gradient and will
need to be changed in the layer properties by right-clicking the DEM layer and selecting Prop-

erties. Under Symbology, select the drop down menu for Render Type and select Hillshade,
then click OK.

The layer should look like the following figure:
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@ +Untitled Project — QGIS
Project Edit View layer Settings Plugins Vector Raster Datbase Mesh HCMGIS Processing Help

DEARRY (LRI PPRALEELIOR &-
¥y /8. -Rix-BTE < B = @ » A3 9 a

Y- %% B Yl -]
Layers 2

Faeve-#al

Domain Outline

RS- @ #E om0 -

Boundary Conditions
MESH_SPATIAL_DATA
[ Manning N

“«

SIS

4
<
NeL<de ]

|
g3z
3

OUTPUT_CONTROL
OUTPUT RESULTS

=33

Jlu

SIS
=

SOHBMABNFBAS

Digital elevation model in raster format.

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

=
. Save the QGIS project by clicking on the Save Project icon in the toolbar. Make sure it

is saved in the same directory that you previously selected in the Create New Project dialog
above.

6.3 Create the limits of the modeling area (Domain

Qutline)

The limits of the modeling area are defined using 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:

|5 8- /%

Menu buttons for digitalization toolbar.

2. Clicking on the button activates the rest of the editing buttons. Now click the Add Polygon

Feature tool which is the bean looking polygon %

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

mouse button.
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Make sure that the polygon is contained within the limits of the raster layer since OilFlow2D
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 anywhere on the screen. 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 H

CellSize |10|

| (0]¢ Cancel

| e —

Input of attributes for the Domain Outline layer.

If you want to make any correction to the polygon, use the Node tool 'F" to move, add or
remove nodes as necessary.

4. Save the polygon by clicking the Save button [_)ﬁ‘ .

and click on Toggle Editing icon y to deactivate the layer edit mode and complete the
Domain Outline.
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Figure 6.2 — Domain Outline layer.

6.4 Setting the boundary conditions

To define the boundary conditions:

Inflow boundary conditions. Draw a polygon that includes the nodes or vertices at the lower end of
the mesh as indicated in the figure:
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Figure 6.3 — Boundary-condition polygon at the lower end of the mesh.

1. Select the BoundaryConditions layer in the Layers panel.

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

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 input the ID of this BC (Boundary Cond. ID). Click the dropdown
menu for Type of Open Boundary select the boundary condition Type 5.Uniform flow condition.
Enter the value 0.0025 in the So field.

The window should appear as shown in Figure below:

Q Boundary Conditions - Feature Attributes o (m] X
General BC Data
Boundary Cond. Identify (ID) [BCJ .JL ]
Type of Open Boundary [S.Uniform flow condition v ]
So [0.0025 I Import BC File \

Uniform flow Boundary Condition parameters.
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5. Click OK to close the dialog box.

6. Click the Save icon m and then click the Editing Tool icon é/ to deactivate editing mode.

6.5 Assigning Manning’s n roughness coefficients

Manning’s coefficients are used in OilFlow2D to represent the terrain roughness. To assign Man-
ning’s n values, we will enter polygons with particular n’s. There can be as many polygons as
required to reproduce the spatial variability of this parameter. In this example, a single polygon will
be used for the entire area.

1. Select the Manning N layer and click the Toggle Editing button é/ .
2. Draw the polygon around the entire domain taking care that it covers all the cells.

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 ():

ManningN |0.035

Cancel

Dialog to input Manning N Feature Attributes.

&

4. Click the Save icon and then click the Editing Tool icon ;/ to deactivate editing mode.

6.6 Using the Weirs layer to create the tank

In this tutorial we assume that the spill occurs in a tank. We will use the Weirs layer to draw the tank
in the northern part of the domain.

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

%o
o
2. Now click the Add Line Feature tool

3. Left-click to create the vertices of the tank, starting from the bottom left corner and moving in
the direction shown in the figure.
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4. Right-click to close the polyline, ensuring that there is a gap between the last and first vertices
as shown in the figure below:

Weir polyline, drawn counter-clockwise.

5. Then enter the Cell Size attribute, in this case we will use 5 m:

Q Weirs - Feature Attributes — o X
General I Weir crest elevation for vertex }
Weir Name (D) : |WEIR_1 J
Weir discharge coefficient : [0.6 ]
Cell Size (m): IS I
Import Geometry File

Weir feature attributes dialog, General tab.

6. Click on the tab Weir crest elevation for vertex, enter the number as shown in the following
figure before clicking Set a weir crest elevation for all the weir

This will populate the WCREST column with the value entered.
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To determine the appropriate weir crest elevation, first use the Identify Features tool on the
DEM to find the ground elevation where the tank will be placed. The weir crest elevation
should be that ground elevation plus the desired height of the tank wall (e.g., ground elevation
+10m).

General Weir crest elevation for vertex

Set a weir crest elevation for all the weir 910
X_W(m) Y_W(m) WRCREST(m) A
1 | 722869.838566 1160260.789396 910.00

2 | 722856.775770 1160263.122038 910.00
3 | 722848.378258 1160284.582346 910.00
4 | 722859.574941 1160304.176540 910.00
5 | 722882.434834 1160309.308353 910.00
6 | 722899.229858 1160296.245557 910.00
7 | 722900.162915 1160272.919135 910.00
8 | 722887.100118 1160261.255924 910.00

9 |722879.169135 1160258.456754 910.00 4

OK Cancel

Weir feature attributes dialog, Weir crest elevation for vertex tab.

7. To complete entering the Weir, click Save [_ﬁ' and then the Toggle Editing icon (pencil) é/

6.7 Generating the triangular-cell mesh

Now that the Domain Outline layer has been created, proceed to create the mesh.

1. To generate the mesh, click on the icon ﬁ

The following figure shows the generated mesh. You will also find the Layers panel one new
layers: Trimesh :
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P <

Mesh generated.

Inspect the weir feature to ensure that it has a minimum of two cells in between the first and
last vertices.

N

= =N

Weir gap with generated mesh.

6.8 Filling the tank with oil utilizing the Initial WSE layer

This layer is used to define the initial water surface elevation within the created polygon, in this
tutorial it will be used to fill the tank with oil.

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

()]
2. Now click the Add Polygon Feature tool
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3. Left-click inside the Weirs polygon, staying close to each vertices to create the internal polygon
of the tank.

4. Right-click to close the polygon.

Initial water surface elevation polygon.

5. A dialog window is presented where you must input the initial water surface elevation, in this
case we will use 909 m. This value may need to be different depending on where you place
the tank within the domain.

@ Initial WSE - Feature Attributes (m] X

InitialWsE [EE a

Initial WSE feature attributes dialog.

=
6. To complete entering the Initial WSE, click Save and then the Toggle Editing icon (pencil)

VA

6.9 Exporting the files to OilFlow2D

Once the layers with the input information to the model have been created, the next step is to run
the tool that exports the data files in the proper format required by QilFlow2D. The process is as
follows:

1. Make sure all of your required layers are active before performing this step.
2. Run the Export Hydrodynamic OilFlow2D plugin:

9% %% 4%

‘ta Export Hydrodinamic OilFlow2D

Q.1 Export OILW File
i S

Layer

<

Export Hydrodynamic OilFlow2D command.
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3. Adialog window is presented, where we will indicate the raster layer with the Digital Elevation
Model (DEM), as this layer is not created by the plugin and its name may be arbitrary.

4. Make sure to indicate a file name (e.g. Qilspill) including the path where the generated files
will be stored, and click OK.

o OilFlow2D

Export Files to OilFlow2D

Project Directory (C:/Users/User/Desktop/Day 3/TankOilSpill_Final\base
Scenario Name

DEM (Single Raster) DEM
» Options.

oK Cancel

Window dialog of the Export to OilFlow2D tool with the example data.

While exporting the data, you will be able to see the task progress at the top of the message
bar. Once the process of creating the files is completed, the Hydronia Data Input Program
(DIP) is opened automatically and a dialog window is presented with the model project to run.
In this case: ‘base.DAT’ should already be set.

After export completes, version 10 and later users see the Open DIP dialog. Keep QGIS DIP
selected and click OK. To use the historical standalone option, expand More options, select
Classic DIP, and click OK.

To run the simulation select the Data Input Program (DIP) to launch the 2D model:

QGIS DIP
¥ More options
Classic DIP
Run both & compare
Both & . In parallel and compare

OK Cancel

Figure 6.4 — Open DIP dialog showing QGIS DIP selected by default and More options expanded with
Classic DIP.

The OilFlow2D input settings are then available in QGIS DIP:
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Control Data r
-+ Madies v Time control data
Oil Spill on Land .
« Components Simulation time (hrs.) 2.0
Open Boundary Cond Output interval (hrs.
e P (hrs)) 0.1
~ Output Output interval for components (hrs.) |0.01
Graphic Output Options
Profile Output Courant number (CFL) | 1.0
Cross Section Output
Observation Points Hot start
Tools
~ Options » Computation control data
Model Selection =
License > Units
v Helj
P rew velp > Initial conditions
About v Modules
None
Sediment Transport
Pollutant Transport
Mud/Tailings Flow
Plastic/Particle Transport
) 0l Spill on Land
Ol Spill on Water
Water Quality
Urban Drainage EPA-SWMM
¥ Components
Rainfall/Evaporation V! Weirs
Bridge piers Wind
Culverts Bridges
Internal rating tables Gates
Dam Breach Infiltration
Sources/Sinks Bridge scour
1D
» Output options
Open All Files Save All Files Run OilFlow2D Exit. www.hydronia.com About Hydronia OilFlow2D

Figure 6.5 — QGIS DIP Control Data panel for Simulating Tank Breaks.

The legacy configuration figure below is retained as a values reference.

Cortrol Data Cortrol Data

[=- Modules

ieﬁ‘”‘e”‘;ﬁ”s““ Time control data Modules Output options

olltart Transport Open DAT O Sedi 0
M Taings P Simuation time (s 2 o ieﬁ:‘ne: TTranspo“n 9 gu‘ Ep\:: on :_5: [ Automatic close of modsl windows
Ol Spil on Land Save DAT O Polutant Transport O Oil Spil on Water outout N
O 5ol on Water Output interval hrs.): 0.1 © Mud/Taiings Flow () Water Qualty @ Output mavimum fes
Plastic/Particle Transport Outputinterval g © Plastic/Particle Transport () None. () Output hazard file
Water Qualty for components rs):  ——— () Urban Drsinage EPASWHMI [0 Output resits for cross sections
Urban Drainage EPA-SVA Version -

- Components 00081505 Components O Ouput et Frproies
Rairfall/Evaporation Courant number (CFL): 1 O Raifall/Evaporation @ Weirs [ Output results at observation points
Culverts File Version — M B 0Oy

) O Hot start () Bridge piers [ Wind Compute mass balance every
Bridge Piers 202103 - ) [ Culverts () Bridges O cutputrtervel
Open Boundary Conditior - = oot wind

ate window
Sources and Sinks Computation control data U Intemal rating tables | Giates " -
Weirs (O Dam Breach O Infitration © Graphic O Console
Intemal Rating Tables Mannings nfactor: 1 O Sources/Sinks () Bridge scour Depth for amval .
Wind [ Manring's n variable with depth Muiole Sources batchn () 1D time calculation (m) 00000
Bridges Minimum depth for diy bed: -1
Gates — Intal condions
Inftration Metric Englsh
Model Selection

Bridge Scour ~
Dam Breach © OiFlow2D GPU DIP Langusge:  Engish . O Drybed
1D Boundary Condtions © Oiflow2D CPU Parallel compuation © Read niial water elevs. from FED file

- Output GPU card: o O Horizontal water surface elevation
Graphic Output Options Data fie origin: QGIS
Profile Outpit Parsec Virtusl Display Adapter 0
Cross Section Output
Observation Points

Open Al Fles | Save Al Fies Run OilFlow2D Ext @ wwwhydronia com About Hydronia OiFlow2D

Figure 6.6 — Legacy configuration reference for the Hydronia Data Input Program.

5. Ensure that the Oil Spill on Land Module is selected, the Simulation time is set to 2 hours, and
the Output Interval is set to 0.1.

6. Click Save .DAT and overwrite the ‘base.dat’ file.

7. Now click on the Oil Spill on Land panel, make sure Basic Model radial button is selected, and
enter the data the following data: Qil viscosity: 0.009966468 Pa.s, Flow Resistance Relation
Quadratic, Oil density: 893.19 kg/m?, and Yield stress: 0.1 N/m?. In the Tables section, make
sure to fill in the values as seen in the figure below:
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Control Data
~ Modules
« X o
il Spil on Land Open OILP || Save.OILP | €@ E:/HydroniallC Testing/v10.0_f P
~ Components
Open Boundary Cond ADIOS Oil Database| (@) Basic Model () Heat Transfer Model
jeirs
~ Output
Basic Model
Graphic Output Options. sic Mode! - [ poundory/Contrl
Profile Output .
Cross Section Output Constants Evaporation
Observation Points
Tools Oil viscosity (Pa*s) 0.009966468 No evaporation -
~ Options
Modiel Selection Flow Resistance Relation | Quadratic - [}
License
« Help Oil density (kg/m?) 893.19 @
View Help
Yield stress (Pa) 0.1 Wind Velocity (m/s)
Tables
Viscosity-Density File... Temperatures File..
@ [ TemperatureviscosityDensityQQ.txt @  TemperatureTimeSeriesQQ.xt
Temperature (°C) Viscosity (Pa*s) Density (kg/m?) Time (hrs.)
1/0 0.003 832 100 50
2/ 200 0.003 832 2/ 10000 50
Add row Add row
Open All Files Save All Files Run OilFlow2D Exit www.hydronia.com

Temperature (°C)

About Hydronia OilFlow2D

QGIS DIP Oil Spill on Land panel for Simulating Tank Breaks.

The following Classic DIP Oil Spill on Land panel is retained as a legacy values reference:

Control Data
- Modules
Sediment Transpart
Polutart Transport
WMud/Talings Flow
Ol Spill on Land
Ol Spill on Water
Plastic/Patticle Transpart
Water Qualty
Urban Drainage EPA-SY\
Components
Rairfall/Evaporation
Culverts
Bridge Piers
Open Boundary Condiior
Sources and Sirks
Weirs
Intemal Rating Tables
Wind
Bridges
Gates
Infitration
Bridge Scour
Dam Breach
1D Boundary Conditions
= Output
Graphic Output Options
Profie Output
Cross Section Output
Observation Points

Oil Spill on Land

Open OILP

ADIOS Ol Database

Basic Model  Boundary Control
Constants
Gil viscosity (Pa’s)

Flow Resistance
Relation

Oi densty (kg/m3) 893.13

Tables
Viscosty-Densty File..

Yield stress (Pa)

O Basic Model

0.00996!

Quadratic ~

0.1

O Heat Transfer Model

Evaporation
No evaporation
c1 0018
c20

Temperatures File.

Wind Velocty m/s)

0

[Temperature ViscostyDensityQQ bt

‘ [Temperature Time SeriesQQ bt

0 0.003

o

Densty fkg/m3)
832

832 10000

00 50
50

Open Al Files Save Al Files

Run QilFlow2D

= @ wwwhydronia com

About Hydronia QilFlow2D

Legacy Classic DIP Oil Spill on Land panel.

8. Click Save .DAT. This will create the TemperatureViscosityDensityQQ.ixt and Temperature-

TimeSeriesQQ.txt files in your scenario folder.

9. Click the Run OilFlow2D button to run the model. An image similar to the one shown below

should appear:
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& RiverFlow2D Plus

Simulation Status 890.94 Topography (m) 908.45

L3 Msgs (20)

L2 Msgs (2)

B L1 Msgs (13)
Nodes read 13579
Cells read 26729
Mesh loaded
Found 58 outlet boundary walls with label :
Outlet boundary conditions ready
Boundaries ready
Sources/sinks file read
Maxopts file read
RiverFlow2D setup loaded
Dry initial conditions set
Source 1 point located in cell 11406
Sources/sinks ready
Simulation setup ready

Info Simulation

W Info Activated t(D HiM:S) At (s) Volume Error (%) Q Inflow (m2/s) Q Outflow (m=/s)
Kernel compilation: Jul 10 2025 0000 01:26:36 0.529315 0.000000e+00 0.000000 46.657899
The number of threads is set to 24

=== Total Inflow === Total Qutflow === Volume Error === Net Sources Flow
_: 50 e E—— e — <
£ X /— g
o 30 3
5 20 3
2 10 ®
5 ®

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
Pause Stop

The graph generated by the OilFlow2D model.

10. When you have finalized reviewing the information included in this window, close it. The fol-
lowing post processing window will appear indicating the final post-processed task performed
by the OilFlow2D model. The window will close automatically.
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| 4% RiverFlow2Dm5 - o X

| File Edit View State Window Help

TWO-DIMENSIO
(R) TRADEMARK 2

READI
SETTING
LICENSE KEY
14338 NODES.

BEGIN PROCE
END PROCESSINI
BEGIN REORDER: 3 5 N POLYGONS
END REORDERINI N POLYGO 0.00 00E+00
BEGIN PROCE N MANN S N POLYGO!
N POLYGONS
.FED FILE
.FED FILE
BOUNDARY CONDITIONS
RUNNING MODEL

MODEL EXECUTION COMPLETED.
EXPORTING ADDITIONAL OUTPUT FILES.

PLEASE DO NOT CLOSE THIS WINDOW UNTIL THE OUTPUT PROCESS IS COMPLETED

PLEASE WAIT WHILE THE PROGRAM COMPUTES MAXIMUM RESULTS AT CELLS
EXTREMES PROCESSED 6.25( OE

MAXTMUMS GENERATED

MAXTMUM VALUES AT CELLS FILES CREATED 0.312

MAXTMUM RESULTS AND HAZARD LEVELS AT CELLS REA

PROGRAM EXECUTION AND OUTPUT PROCESS COMPLETED.

THIS WINDOW WILL CLOSE AUTOMATICALLY IN 16 SECONDS.

[Running " |

Final post-processes.

6.10 Creating OilFlow2D maps

Once OilFlow2D has finished running, you may want to create maps using the model results. Oil-
Flow2D QGIS plugin offers several tools to create maps and animations. In this section we will show
how to create depth maps.

1. Click the OilFlow2D Maps % button dropdown menu and select Results vs Time Maps.

Hydrodynamics Maps »| 'yg Results vs Time Maps

Qil Land Properties Maps 4 % Maximum Result Maps

Oil Water Properties Maps 4 ?ﬂ Time-to-Depth Maps
OilFlow2D Maps menu.

2. A dialog window is presented where we will indicate the output files list ‘base.OUTFILES’ and
the desired parameter, that will be Depth for time 2 hours. Also indicate the Raster Map option
as shown.
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Q7 Results vs Time Maps 5%

o OilFlow2D

Hydrodynamics Results vs Time Maps
Dat File : /Users/User/Desktop/Day 3/TankOilSpill_Final\base\base.dat!

Maps Output Times Output Maps
Velocity Field 0000:00:00:00 Depth_0000:02:00:00
Velocity Magnitude 0000:00:06:00
WSE 0000:00:12:00
Depth 0000:00:18:00
Initial Bed Elevations 0000:00:24:00
Bed Elevations 0000:00:30:00
Delta Bed Elevations 0000:00:36:00
Froude Number 0000:00:42:00
Q Sediments Field 0000:00:48:00
Q Sediments Magnitude 0000:00:54:00
Bed Shear 0000:01:00:00
Rain 0000:01:06:00
Infiltration 0000:01:12:00
Manning N :01:18:00
DT Limiting Times 0000:01:24:00
:01:30:00

:01:36:00
0000:01:42:00 <-
: :00

0000:0: :00
0000:02:00:00

Map for mutli spill(s)
V| Cell Maps Raster Maps Resolution for raster map 10| Vector Skip Frequency 1 B

OK Cancel

Window dialog of the Results vs Time Maps plugin.

3. Click OK to start the process. After a few seconds a new layer with the requested map will be
created.

4. Right-click the newly generated layer and select Properties. In the Properties window, click on
the Symbology tab and change the Mode to Equal Count (Quantile) option.
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Oil depth map at 2 hours after the initial spill.

Save the project in QGIS to continue. On the QGIS Project menu, click Save, to save the project
assigning the name SimulatingTankBreaks, in the same directory that you previously selected in the
Create New Project dialog above. The saved project file will be SimulatingTankBreaks.qgz.
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6.11 Animating oil spill on land results in OilFlow2D

Sometimes it is better to view an animation of the results for a different audience, or to view all of the
results quickly. Animations can also be exported to a movie file for maximum portability. To create
an animation, complete the steps as follows:

1. In QGIS, click on the Oil Animation Button %ﬂ in the OilFlow2D toolbar.

2. A panel will open on the bottom left side of the QGIS interface.

OilFlow2D Animation =)
Select layer A Add Layer
Delete Layer
Output Time
-
Renderer Style
J< <= |= S I

Speed | 1
Export Shape | | Export Image Export Video
Output map options for Qil Properties vs. Time Maps.
3. Click on the Select Layer dropdown menu and select Depth. Click on the Add Layer button.
4. After the animation loads, it will be listed in the list window under the Select layer button.

5. in the Layers panel above, there will be a new group named ANIMATION which will contain
the newly created Depth animation layer.

6. The layer needs to be moved above the DEM layer so that it is visible when being played. Click
and drag the ANIMATION group and make sure to drop it above the layers that would need to
be underneath it, such as the DEM and satellite imagery layers as in the following figure:

o] ANIMATION
* | 2 ESRI Satellite
v = DEM

Layer order for Animations to be visible.

7. To play the animation, click the Play L button in the OilFlow2D Animation panel.
Make sure all other output layers have been disabled.
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The user can change the speed of the animation, export the animation as a shape file, export an
image of a particular frame of an animation, and finally export a video via the buttons located at the
bottom of the OilFlow2d Animation panel.

This concludes the tutorial: Simulating overland oil spills from a tank break.



QOil spills in Rivers. Part |: Hydrodynamics

This tutorial guides in the application of OilFlow2D to simulate oil spills in rivers. The first part
explains how to setup and run the hydrodynamic stage, where the model is used to generate the
velocity field in the river. The second part, included in a separate chapter, explains how to enter the
spill locations, and other oil data to simulate oil trajectories and fate.

7.1 Tutorial data

Before starting the project with QGIS. It is recommended to create a folder that will contain all the
necessary data such as the boundary condition files, the elevation data files, either in ASCII or in
raster format, etc.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under the
‘OilSpillsinARiverPart1’ folder. This zip file is downloaded separately from your installation materials.

The folder contains the files shown:

87
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Name

IH EPSG3116 - MAGNA-SIRGAS Colombia Bogota zone - Projected.txt
| Magdalena.tif
] oilp1.dat

M OilSpill_1.txt

M oilSpill_2.txt

8 QIN2.DAT

= Temperature.DAT
P WindVelocDATA txt

Figure 7.1 — Files with data required in this tutorial.

7.2 Starting QGIS

The first step is to start the QGIS software. After loading the QGIS, you will get a window is similar
to the one shown below:

(i Untitled Project — QGIS - o X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing ﬂelp@
DeBRRK O2pea tUOR a0 QBT vm
aA@V. s RmE0 = e Q@R 22 B
RBEG % T 9% %% @
Layers B®
Vo lwamei-®A0
L
%
Ve
e}
.-
]
o~

Type to locate ( @ Coordinate 1.000,-0.076 ® Scale 1:13 v @& Magnifier 100% 5 Rotation 0.0° 5 v Render ®EPSG:2445 @

Figure 7.2 — QGIS interface for OilFlow2D indicating window areas. 1: Menu bar, 2: Tool bar, 3: Layer
panel, 4: Maps view area, 5: Status bar.

Note the tool bar contains icons that give access to all the OilFlow2D components. Some of the
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icons have a drop down list that allow getting to more tools.

7.3 Start a new OilFlow2D project

1. In the QilFlow2D toolbar, click on the New OilFlow2D Project button to start a
new OilFlow2D project. A dialog window appears where you select the optional component
layers, the Coordinate Reference System (CRS), the initial scenario name, and the project
directory.

2. Select None in the Layers drop down menu.

3. Select the Projection button. Click on the [EPSG] projection button and select: Coordinate
Reference System (CRS) EPSG 3116 corresponding to MAGNA-SIRGAS Colombia Bogota
zone - Projected (meters), and click OK.

4. Keep Name initial scenario setto base. Click the[...] button and choose the QilSpillsInARiverPart1
folder for the Project Directory. This is the folder where the model will write all results and out-
put files.

5. After clicking OK, the layer templates are created, and displayed on the Layers Panel:
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Create New QilFlow2D Project

Layers | none ¥

MeshDensityLine

MeshBreakLine

Manning Nz

Bridges
Gates
Culverts
Weirs
DamBreach
Piers
Abutments
Infiltration
RainEvap
Wind
Source/Sink

Internal Rating Table

MaximumErosionDepth

CrossSections

Profiles

ObservationPoints

Projection
Name initial scenario : |base

Project Directory | OilSpillsInARiverPartl

MeshDensityPolygon

Multiple DEM Boundaries

Initial WSE

Initial Concentrations

Initial Bed Fractions

Channels1D

Boundary Conditions 1D

QilSpills
OilRetentionDepth
Shoreline type
Vegetation_Trapping
Initial Conditions Qil
Spill Boom

SpillPaths

QilPipeLine

OilPipelineValves

EPSG:3116

OK

OOiIFIOWZ

Cancel

Create New OilFlow2D Project configured for QilSpillsinARiverPart1.

OilFlow2D 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
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meters, units will be set to Metric or SI.

6. On the QGIS Project menu, click Save, to save the project assigning the name OilwPart1, in
the same directory that you previously selected in the Create New Project dialog above.

7.4 Load elevation data

OilFlow2D uses elevation data in raster format. To load the raster, from the Layer menu, click Add

Layer, and then click Add Raster Layer.... You may also click the Add Raster Layer button & .
Clickthe ... browse button and select Magdalena.tif from \ExampleProjects\OilSpillsinARiverPart1\DATA.
Verify that the selected path appears under Raster dataset(s).

N
h Browser
lector

Raster

Source Type

(@) File () Protocol: HTTP(S), cloud, etc. () OGC API

Source
Raster dataset(s) |\ExampleProjects\QilSpillsInARiverPart1\DATA\Magdalena.tif «
; Point Cloud

Delimited
# Text

‘;ﬂ_ GeoPackage

U= Gps

patiaLite

+ PostgreSQL

MS sQL
# Server

Oracl
g Oracle

m Virtual Layer

+ SAP HANA

@ WMS/WMTS

. WFS/0GC

2 API - 7 = 7
Features Close A Help

Figure 7.3 — Raster data import dialog.

1. Click Add and wait for the raster to load. Then click Close and click on the Zoom Full button

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

2. Right-click on the label of the created layer and select Properties to change the rendering style
for a more informative color palette.
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3. In the Symbology tab, under Render Type, select Singleband pseudocolor. Under the Color
Ramp dropdown menu, select Spectral. Then click the [Classify] button to create the classes
and then click [OK] to close the Layer Properties window. The layer should look as follows:

Q- qQels - o =%
Project Edit Yiew Layer Settings Plugins Vectar Baster Database Web Mesh Progessing Help

NEERRYE UPLLOHI PBH LYY e L e S -G
R@ Vo # 1 Ed AQOR 2 -
D fie L fie %% @@

hub=bcnd-ila = k=) <)

25

kY

\

Coondwe 17257, 712888 ) Scale 12701~ | @ Manifer 0% 3 Roaten 000 3 ¥/ Render @ ESGINS @

Digital elevation model in raster format created by interpolation.

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

7.5 Create the limits of the modeling area (Domain
QOutline)

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:
L AVA1 8a NN BE
Menu buttons for digitalization toolbar.

2. Clicking on the button activates the rest of the editing buttons. Now click the Add Polygon

an

Feature tool which is the bean looking polygon
3. Proceed to delineate the outline of the polygon by marking the vertices clicking with the left
mouse button.

Make sure that the polygon is contained within the limits of the raster layer since OilFlow2D
will not extrapolate elevations to areas that are outside of the available data on the raster layer.



Oil spills in Rivers. Part I: Hydrodynamics

Domain Outline layer.

. To finalize and close the polygon, right-click anywhere on the screen. 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 50 m.

Domain Outline - Feature Attributes B

CellSize 50.000000000000000

OK | | Cancel

Input of attributes for the Domain Outline layer.

If you want to make any correction to the polygon, use the Node tool to move, add or

remove nodes as necessary.

. Save the polygon by clicking the Save button

and click on Toggle Editing icon to deactivate the layer edit mode and complete

the Domain Outline.
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7.6 Generating the triangular-cell mesh

Now that the Domain Outline layer has been created, proceed to create the mesh.

To generate the mesh, click on the icon

The following figure shows the generated mesh. You will also find the Layers panel one new layers:
Trimesh :
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Figure 7.4 — Mesh generated.

7.7 Setting the boundary conditions

In this tutorial we will define inflow and outflow conditions. To define the inflow boundary condition
do as follows:
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1. Enter the INFLOW boundary condition polygon: Click the Toggle Editing button
to add the polygons that are going to indicate the nodes on which the inflow condition is im-

posed.

2. Draw a polygon that includes the nodes or vertices at the lower 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 the last vertex. A window to enter the attributes of the
newly created polygon is displayed. It is important that the boundary condition polygon would

cover completely the outflow segment.

4. In the window change the Type of Open Boundary to Discharge vs. Time.

Q Boundary Conditions - Feature Attributes

General BC Data

Boundary Cond. Identify (ID) BC_1

Type of Open Boundary 2.Discharge vs Time

[m] X

Bound. Cond. File Name s/QilSpillsInARiverParti/base\QIN2.DAT | | Import BC File

OK

Inflow boundary condition data.

Cancel



7.7 Setting the boundary conditions 96

5. Click the Import BC File button and browse to the tutorial folder and select the ‘QIN2.DAT’ file,
then click OK.

6. Ckick the BC Data tab. The data should look as follows:

Boundary Conditions - Feature Attributes n

Actions

General BC Data

Time QDischarge
10 8000
2 100 8000
3 200 8000

OK Cancel

Inflow hydrograph read from the ‘QIN2.DAT file.

7. Enter the OUTFLOW boundary condition polygon: Draw a polygon that includes the nodes or
vertices at the lower end of the mesh as indicated in the figure:

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

8. To finish the polygon, right-click on the last vertex. A window to enter the attributes of the

newly created polygon is displayed. It is important that the boundary condition polygon would
cover completely the outflow segment.

9. In the window set the boundary condition Type to: Uniform flow condition, then set the So to
0.0025.
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Q Boundary Conditions - Feature Attributes m] X

General BC Data

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

So 0.0025 Import BC File

OK Cancel

Outflow condition data.

10. Click [OK] then click the Save button :ﬁ to save the changes made to the layer:

/

11. Deactivate editing mode by clicking on the Toggle Editing icon

7.8 Assigning Manning’s n roughness coefficients

Manning’s coefficients are used in OilFlow2D to represent the terrain roughness. To assign Man-
ning’s n values, we will enter polygons with particular n’'s. There can be as many polygons as
required to reproduce the spatial variability of this parameter. In this example, a single polygon will

be used for the entire area.

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:

1. Select the Manning N layer and click the Toggle Editing button
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Qi
DmARRE 0BSAHPP R .RENY 6.0 e LEE4 =95
BEVARD 1/ =wF AQOR -
91909:-85 %1% %

V eAwmTE BAD
v

& Magrifer 105 3 Retaton 00° 3 ¥ Render @BSGIE @

Coneinne O7168,712553 R Sk 129097 v

Hlegend entries remaved:

Editing the Manning N layer.

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 (0.025):

Manning N - Feature Attributes n

Actions

ManningN [0.025]

| oK ‘ Cancel

Dialog to input Manning N Feature Attributes.

- i and then click the Editing Tool icon to deactivate

4. Click the Save icon
editing mode.

7.9 Exporting the files to OilFlow2D and running the

model

Once the layers with the input information to the model have been created, the next step is to run
the tool that exports the data files in the proper format required by OilFlow2D. The process is as
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follows:

1. From the QGIS menu bar, select Plugins > OilFlow2D MS > Export OilFlow2D > Export Hy-
drodinamic OilFlow2D to run the export plugin:

% Export Hydrodinamic OilFlow2D
5
Plugins menu path to Export Hydrodinamic OilFlow2D.

2. In the Export Files to OilFlow2D dialog, make sure the option for DEM (Single Raster) has
Magdalena selected. Click [OK].

%
o OillFlow2D
Export Files to OilFlow2D
Project Directory E:/Tuterials/QilSpillsInARiverPartiFinal\base
Scenario Name base
DEM (Single Raster) Magdalena v
» Options

OK Cancel

Window dialog of the Export to OilFlow2D tool with the example data.

While exporting the data, you will be able to see the task progress at the top of the message
bar. After export completes, version 10 and later users see the Open DIP dialog. QGIS DIP is
selected by default; click OK to open it inside QGIS. To use the historical standalone option, ex-

To run the simulation select the Data Input Program (DIP) to launch the 2D n

QGIS DIP
¥ More options
Classic DIP
Run both & compare
Both Classic & . In parallel and compar

Both & Sequentially (one after the other

example_run

pand More options, select Classic DIP, and then click OK.

With QGIS DIP selected, the current interface is shown below:
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File Edit View

~ Components
Open Boundary Condi.

~ Output
Graphic Output Options.
Profile Output
Cross Section Output
Observation Points
Tools

~ Options
Mode! Selection
License

~ Help

View Help

¥ Time control data

Simulation time (hrs.) | 12.0

Output interval (hrs.) 0.1

Output interval for components (hrs.

) [0.01

Courant number (CFL) | 1.0

> Computation control data
> Units
> Initial conditions
¥ Modules
) None
Sediment Transport
Pollutant Transport
Mud/Tailings Flow
Plastic/Particle Transport
ol spill on Land
il spill on Water
Water Quality
Urban Drainage EPA-SWMM
¥ Components
Rainfall/Evaporation
Bridge piers
Culverts
Intemal rating tables
Dam Breach

Sources/Sinks

> Output options

Open All Files Save Al Files

Run OilFlow2D. Exit

Hot start

Weirs
Wind
Bridges
Gates.
Infiltration
Bridge scour

0

www.hydronia.com

About Hydronia OilFlow2D

QGIS DIP Control Data panel for Oil Spills in a River Part I.

QGIS DIP and Classic DIP use the same project settings, but their interfaces look different.
Older standalone or non-maintenance versions may open Classic DIP automatically. The
project-specific Classic DIP settings and Run steps below are retained.

Enter the parameters as shown:

The following Classic DIP configuration is retained as a legacy values reference:

Control Data Control Data
- Modules
Se:l';“e;l“; i —rre Time control data Modues Output options
olistart Transpor pen *
Mud/Taiings Flow Simulation time (rs): 12 D) Sedment Transport () Of Spil on Land () Automatic close of model windows
O Spill on Land Save DAT O Polusant Transpot O O Spillon Water = N
Oi Spill on Water Output interval (rs.): 0.1 O Mud/Taiings Flow O Water Quality ! Pt madmam e
Plastic/Particle Transporl ] OQutput rl'tme(;‘va\) o (O Plastic/Patticle Transpot €@ None U Output hazard file
or componerts (rs - A
ZV:er gua\rty coasn B ) Urban Drainage EPASWMM () Output resutts for cross sections
an Drainage EPA- -
=) Components Components ‘:‘ Output resuls for profies
Rainfall/Evaporation Courant number (CFL): 1 () Rainfal/Evaporation () Weirs (0 Output resutts at observation points
E‘m‘im O Hotstat (O Biidge piers O Wind () Compute mass balance every
Open Boundary Condtior O Cubverts L) Bidges R
() Gates Depth for anival
Sources and Sinks Computation control data (O intemal rating tables L) 00000 1=
Weirs () Dam Breach O nfitration time calcuiation fr) =
intemal Rating Tables el () Sources/Snks () Brdge scour
‘g:nd [0 Manning’s n variable with depth Muttiple Sources batch run Intial condtions
dges Minimum depth for dry bed: -1
Gates " - © Drybed
i Metric nglish -
g':m';”ach Model Selection - . O Read nital water elevs. from FED fie
Bridge Scour () Riverflow2D GPU DIP Language:  English O Horizontal water surface elevation
Dam Breach New © Riverflow2D CPU Parallel computation
= Output (7]
Graphic Output Options Datafie origin: QGIS Bebed cons
Profile Output 2
Cross Section Output
Observation Points
Open Al Fies | Save Al Fies Run RiverFlow2D Ext @ www hydronia com About Hydronia RiverFlow2D

Legacy Classic DIP configuration window.

3. Then click the Run OilFlow2D button to run the model. When asked to save your changes,
click [Yes]. Overwrite the ‘base.dat’ file, and click [OK].

An image similar to the one shown below should appear:
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S RiverFlow2D Plus (Build: Nov 20 2019) - X

Simulation Status

-18.60 Topography (m) 1.07 0.00 Water Depth (m) 14.49
R e B

Info Simulation

D H:M:S

Progress ’

Window appearing when the model is running.

4. When you have finalized reviewing the information included in this window, you may click
[Close].

The following post processing window will appear indicating the final post-processed task per-
formed by the OilFlow2D model. The window will close automatically.

+¥ Riverflow2Dm5

File Edit View State Window Help

4% CA\Users\PC\Documents\RiverFlow2D_QGIS\O| plePrajects\GilSpillsinARiverPart1

5 MODEL

NODES.

END REORDERIN!

.FED FILE
.FED FILE
ONDITIONS

LDDITIONAL OUTPUT FILES.
PLEASE DO NOT CLOSE THIS WINDOW UNTIL THE OUTPUT PROCESS IS COMPLETED*#%*#

PLEASE WAIT WHILE THE PROGRAM MPUTES MAXTMUM RESULTS AND D LEVELS
PROCESSED

AT CELLS FILES
ULTS AND
TION AND

THIS WINDOW WILL CLOSE AUTOMATICALLY IN 16 SECONDS.

Final post-processes.
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7.10 Creating a velocity field map

Once OilFlow2D has finished running, you may want to create maps using the model results. Oil-
Flow2D QGIS plugin offers several tools to create maps and animations. In this section we will show
how to create depth maps.

1. Click the OilFlow2D Maps
Maps.

i Il S EET
Hydrodynamics Maps »| 'v& Results vs Time Maps

Land Oil Maps » % Maximum Result Maps
Water Oil Maps » % Time-to-Depth Maps

button dropdown menu and select Results vs Time

image

2. Inthe Results vs Time Maps dialog, click the Browse [...] button to open the ‘base.OUTFILES’
file.

3. Under Maps select Velocity Field, under Output Times select 12 hours (0000:12:00:00). Click

->
the arrow right button to add the 12 hour time to the list of times for Output Maps.
Click [OK].

9 Restits vs Time Maps X
l}

OOiIFIOWZD

Hydrodynamics Results vs Time Maps
Dat File : jhared/ COURSES/OilSpill WIT 2025/Day_3/Exercises\base\base.outfiles

Maps Output Times Output Maps

Velocity Field 0000:08:06:00 - Velocity Field_0000:12:00:00
Velocity Magnitude 0000:08:12:00
WSE 0000:08:18:00
0000:08:24:00
Initial Bed Elevations 0000:08:30:00
Bed Elevations 0000:08:36:00
Delta Bed Elevations 0000:08:42:00
Froude Number 0000:08:48:00
Q Sediments Field 0000:08:54:00
Q Sediments Magnitude 0000:09:00:00
Bed Shear 0000:09:06:00
Rain 0000:09:12:00
Infikration 0000:09:18:00
Manning N 0000:09:24:00
DT Limiting Times 0000:09:30:00 |
0000:09:36:00
0000:09:42:00
0000:09:48:00
0000:09:54:00 >
0000:10:00:00

0000:12:00:00
Map for mutii spill(s)
V| Cell Maps Raster Maps. Resolution for raster map 10 Vector Skip Frequency 1

oK Cancel
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image

After a few seconds walit, the velocity field plot will be displayed:

v [ Boundary Conditions
¥ V3 MESH SPATIAL DATA
[ Manning N
v (¥ COMPONENTS
v & oUTPUT_CONTROL
v v @ oureuT ResuLTS
V Velocity 0000:12:00:00_

Cecececet

> V¥ Magdalena

image

This concludes the tutorial Oil spills in Rivers. Part |: Hydrodynamics.
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This is the second part of the Oil spills in rivers tutorial. The first part explained how to setup and
run the hydrodynamic stage, where the model was used to generate the velocity field in the river. In
this section we will show how to enter the spill locations, and other oil data to simulate oil trajectories
and fate.

8.1 Opening the project with results obtained in Part |

We will use the files resulting from Part | of the tutorial that should have been generated before in
the ‘OilSpillsiInARiverPart1’ folder under \ExampleProjects\QilSpillsInARiverPart1’.

Open QGIS and then open the project resulting from Part |, where we completed the hydrodynamic
simulation of the river and created a velocity field map:

Alternately you may choose to open a premade version of the Part | project located in the OilSpillsi-
nARiverPart1Final folder.

104
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Layers

YARTHEYBAOL

v ¥ (¥ MESH_SPATIAL_DATA
/[ IManning N
v (& COMPONENTS
Vv (& OUTPUT_CONTROL
~ v & outPuT RESULTS
¥ V7 Velocity_0000:12:00:00_

BN

>V ¥ Magdalena

« »

Figure 8.1 — Resulting project from the tutorial Oil Spill in Rivers Part |

8.2 Create the QilSpills layer and enter the spill location

and data
1. Create a new OilSpills layer: for this, go to the OilFlow2D toolbar of and click on New Template
Layer
%3 ¥ base v

New Template Layer

EPA-SWMM Tools

Import Multi Sources File

Import OilFlow2D Layers

Recover Removed Layers

Compare Output Raster Maps

Setting TriMesh Elevations from FED file
Check internal angles of TriMesh's cells
Run Qil Pipeline Break Model

Import Single to MultiScenary Project
QilFlow2D Settings

OilFlow2D dialog to add the new layer.

2. Inthe Add Template Layer dialog, select the OilSpills checkBox, as shown in the Figure below
and click OK.
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94 Add Layer Template X

o OilFlow2D
|

Add Template Layer to OilFlow Project

Components | Mesh

Manning N Initial WSE

Initial Concentrations

Initial Bed
Gates MaximumErosionDepth

Channels1D

Boundary Conditions 1D

Piers. V| Oilspills

Abutments OilRetentionDepth
Infiltration Shoreline type
RainEvap Vegetation Trapping
Wind Initial Conditions Oil
Source/Sink Spill Boom

Intemal Rating Table SpillPaths

CrossSecti
mmmmmm OiPipetine

Profiles

OilPipelineValves
ObservationPoints

oK Cancel

OilFlow2D dialog to add the new layer.

3. Edit the OilSpills layer: In the layers panel we select the OilSpills layer then in the digitalization

toolbar we click on the Toggle Editing button

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

/ OilSpills

4. To enter the spill location click on the Add Point Feature button of the digitalization toolbar

Oo

and then click on the location where you want to set the spill point. The oil
spill dialog will appear. Enter the data as indicated in the figure:

O
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(.Y OilSpills - Feature Attributes 0O X

General Data

Spill Site (ID) : |OilSpill _1

Water Density : |1000.0

Initial spill location X : |925098.9807749991
Initial spill location Y : |1707598.4810683671
Initial spill location Z : |0.0

N Parcels : 1000

Qil Density (API) : |40.0

Qil Viscosity : 0.1

Initial Spill Time : |2

Longitudinal Dispersion Coeff. : |1
Transversal Dispersion Coeff. : |1

Vertical Dispersion Coeff, : 0.001|

Compute Bottom Trapping Compute Shore Trapping
Compute Dispersant Application Compute Vegetation Trapping
oK Cancel
Oil Spill Dialog.

5. Click on the Data panel and open the spill volume file using the Import Spill Volume File button.

6. Browse to the project ‘DATA’ folder and select ‘Oilspill_1.txt".

QilSpills - Feature Attributes n

Actions

General Data

Spill Volume File 12D_QGIS/ExampleProjects/QilSpillsInARiverPart1/OilSpill_1.txt | Import Spill Volume File

Time Cumulative Volume
10 1000
205 2000

OK Cancel

Oil Spill Volume File.

7. Click OK to close the dialog and the ail spill point will be shown:
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Sispill_1

Oil Spill Point.

=

8. Click on the Save Layer Edits button

/

8.3 Export Oil Spill Data

1. Use the Export OILW command to export the data to run the model

%% HNs

Q1 Export Hydrodinamic OilFlow2D ‘

Export OILW command.

Toggle editing button then click the Toggle Editing

to finalize the editing mode.

2. In the dialog enter the simulation time (12 h), output interval (0.5 h), the time step (10 sec.),
import the wind velocity data (‘WindVelocData.DAT’) file, and ambient temperature file (‘Tem-
perature.DAT’) as shown, and click OK.

9 GilFlow2D

OilFlow2D

Export OILW File

Compute Evaporation Compute Emulsification Compute Booms
Compute Shoreline Compute Dispersion
Compute Dissolution Compute Sedimentation

SimulationTime (hr): |10

Output Interval (hr): 0.1 ‘
Time Step (sec): 10

Wind Velocity File : | WindVelocDATA.txt ‘
Ambient Temperature File : | Temperature.DAT

Hydrodinamic outfiles : | COURSES/QilSpill WIT 2025/Day_3/Exercise6\base\base.outfiles

oK Cancel
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Export OILW Dialog.

After export completes, version 10 and later users see the Open DIP dialog. QGIS DIP is
selected by default; click OK to open it inside QGIS. To use the historical standalone option, ex-

To run the simulation select the Data Input Program (DIP) to launch the 2D n

QGIS DIP

¥ More options
Classic DIP

Run both & compare

Both Classic & . In parallel and compar
Both Classic & . Sequentially (one after the other
example_run
pand More options, select Classic DIP, and then click OK.
With QGIS DIP selected, the current interface is shown below:
File Edit View
Control Data " -
« Modules ¥ Time control data
Oil Spill on Water
~ Components
Open Boundary Condi.
~ Output
Graphic Output Options
Profile Output
Cross Section Output
Observation Points
Tools
~ Options
Model Selection » Computation control data
License
~ Help > Units
View Help e =
About » Initial conditions
¥ Modules
.
Sediment Transport
Pollutant Transport
Mud)Tailings Flow
Plastic/Particle Transport.
0il Spill on Land
®) Oil Spill on Water
Water Quality
Urban Drainage EPA-SWMM
¥ Components
Rainfall/Evaporation Weirs
Bridge piers Wind
Culverts Bridges
Internal rating tables Gates
Dam Breach Infiltration
Sources/Sinks Bridge scour
»
» Output options
Open All Files. Save All Files Run OilFlow2D Exit www.hydronia.com About Hydronia OilFlow2D

QGIS DIP Control Data panel for Oil Spills in a River Part Il.

QGIS DIP and Classic DIP use the same project settings, but their interfaces look different.
Older standalone or non-maintenance versions may open Classic DIP automatically. The
project-specific Classic DIP settings and Run steps below are retained.



8.4 Enter additional data in the Hydronia Data Input Program and run OilFlow2D 110

8.4 Enter additional data in the Hydronia Data Input
Program and run QilFlow2D

1. Review the data in the Hydronia Data Input Program panels:

The following Classic DIP Control Data panel is retained as a legacy values reference:

Control Data Control Data

& Modues
ot poipsieiny oA Modues Output options

‘ol ranspor dpen - (@) —
Mud/Taiings Flow © Sedment Transpott O 0 Spil on Land (O Automatic close of model windows
Oil Spill on Land Save DAT O Polutant Transport 9 Ol Spill on Water 8 Outout maimum s
O Spil on Water O Mud/Taings Fow O Water Qualty =
Plastc/Paticle Transport 0 O Plastic/Particle Transport () None )/ Octorst sz o
m“’"ﬂg‘(’:“y oasn () Utban Drainage EPA-SWMM () Output resuits for cross sections
an Drainage EPA- -

& Components rom— O Outpt reus o profes
Rainfall/Evaporation () Rainfall/Evaporation () Weirs (O Output results at observation points
Culverts =

() Bridge piers — Compute mass balance every

Hot st:

Bridge Piers A O Culverts O output interval
Open Boundary Condtior O o
Sources and Sinks () Intemal rating tables Depth for amiv: —

= 00000 |5
Weirs O Dam Breach time calcuiztion )
Intemal Rating Tables O Sources/Snks
Wind Manning's n variable with depth Mutiple Sources batch run
Bridges

1
Gates Dry bed
Metric glish
ifaton Model Selection e o Read intial water elevs. from FED file
Dam Breach
Badee Seour © OiFilow2D GPU DIP Language:  Engish v Horzontal water surface elevation
Dam Breach New O OiFlow2D CPU Parallel computation Py
= Output .
Graphic Output Options Datafie origin: QGIS Gl o
Profile Output NVIDIA GeForce GTX 1080 Ti v
Cross Section Output
Observation Points
Open All Fles  Save Al Fies Run OiFlow2D Ext @ www hydronia com About Hydronia OiFlow2D

Legacy Classic DIP Control Data panel.

File Edit View
Control Data

+ Modules Yo Control Data | Trajectory | Evaporation | Emusiication | Trapping | Dissolution | Booms
Ol Spill on Water .
< Components Save OILW Site: Oilspill_ Version: 202311
Open Boundary Condi
~ output @ erpartzFinalbase\base OILW Compute Evaporation Simulation time (hrs) |12.000 Time step (sec) |10.0
Graphic Output Opti
profie outot - | Version: 202311 Compute Emulsification Output interval (hrs) [0.500 Grid cell factor (GCF) |0
g’:;: ::;:‘:f:’z::“ File version: 202311 Compute Shoreline and Bottom Interaction collo Poweriaw Velocity Profile (6.0
oo Spill Site Name Compute Dissolution
O Selection CEILL Compute Containment Booms
License Use Powerlaw Velocity Profile
~ Help
View Help
About
Velocity Field Project..
E:\Tutorials\OilSpillsInARiverPart2Final\base
Wind Velocity File... Ambient Temperature Fil...
©® ALt @ \Te DAT
Time (hr) Ux (m/s) Uy (m/s) E Time (hr) Temperature (°C)
1o 597 217 10 5
2 |t 509 883 2100 5
3 |2 384 663 3 200 5
4 |3 587 492
s 4 0.00 0.00
6 S 331 190
7 e -0.66 377
8 |7 0.00 0.00
Addrow | Remove Update Wind Velocity File| | Addrow | Remove Update Ambient Temperature File
Open All Files save Al Files Run OilFlow2D Exit www.hydronia.com About Hydronia OilFlow2D

QGIS DIP Qil Spill on Water Control Data panel.

The following Classic DIP Oil Spill on Water Control Data panel is retained as a legacy values

reference:
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Control Data 0il Spil on Water
- Modues

Sediment Transport
Polltant Transport Open OILW Control Data  Trajectory Evaporation Emulsfication Trapping Dissolution  Booms
Mud/Taiings low
il Spill on Land Save OILW OilSpi Stte Name: OiSpil_1 Version Number: 202311
il Spill on Water] e~ = -
Plastic/Particle Transport O Compute Evaporation zistion toe ¢l 10.000 [§ Time step fsec) 1000
Water Qualty Output interval frs) [0.1000 2] Grid cellfactor (GCF) [0
Utbon Drainage EPASSW ADIOS Oil Database () Compute Emuisfication

Components [ Compute Shoreline and Bottom Interaction
Rainfall/Evaporation (O Compute Dissolution Velociy Field Project.
Culvetts E:/Hydronia Dropbox/Nick
Brdge Piers (3 Compute Containment Booms Calero/HydroniaProjectsShared/_ COURSES/OilSpill WIT
Open Boundary Condiior 2025/Dav 3/Exerciseb/base\base outfies
Sources and Seks Wind Velociy Fie Ambient Temperature Fie...
rtemal Reting Tables E:\Hycronia Dropbox\Nick Calero dronia Dropbox\Nick Calero
Wi HydroniaProjects Shared\_COURSES\OISpil WIT HycroniaProjecis Shared\ COURSES\OiSpil WIT
s 2025\Dav 3\Exercise6\base\WindVelocDATA 2025\Dav 3\Exercise6\base\Temoerature. DAT
Gates ]
raton - s || Temperature (0
Dam Breach [
1D Boundary Condtions 1 509 ) 100 3

Output 2 284 ‘ 663 200 ‘ 2
Graphic Output Options
Profile Output 3 5.87 |a52 ‘
Cross Section Output 4 000 |00
Observation Ports B BT 150

Open AllFles  Save Al Fles Run OilFlow2D Ext @ wwwhydronia.com About Hydronia OFlow2D
L J

Legacy Classic DIP Qil Spill on Water Control Data panel.

File Edit View

Control Data , et o .
~ Modules f Yo | | Contolpata | Trajectory | Evaporation | Emusiicatin | Trapping | Dissluton | Booms
Elezllenis ‘ Site Name: OilSpill_L Version Number: 202311
~ Components Save .OILW. ]
Open Boundary Condi. Initial Spill Location Fluid Properties
~ Output @ erPart2Final/base\base.OILW.
‘Graphic Output Options x o) R Water density Ol density Ol viscosity
Profile Output Version: 202311 @ i (aP1) (@
Cross Section Output File version: 202311 ¥ (m) [1707756.283 ~ = ~
Observation Points . " I TO7Es s [ 100000 3] (4000 2 (100 B
Tools ol o Depth (m) | 0.000
~ Options Oilspill_L
Mode! Selection
License
~ Help
View Help
Dispersion Coefficients (m?/s)
Inital spill time (hrs) | 2.00 2| Nparcels | 1000 D O] — )
0.0000 [2] [o.0000 =] [0.0000 =
Use Initial O Area
Spill Release Path
Spill Path File...| D |
[ Spill Volume Fie.. ] Time (hr) X (m) Y (m)
® o 1|
Time (hr) Acc.Volume (bbl)
1o 1000
205 2000
| Addrow Add row Remov
Open Al Files Save AllFiles | | RunOiFlow2p | | Exit www.hydronia.com About Hydronia OilFlow2D

QGIS DIP Oil Spill on Water Trajectory panel.

The following Classic DIP Oil Spill on Water Trajectory panel is retained as a legacy values
reference:
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Control Data Qil Spill on Water

- Modules

Sediment Transport
Pollutant Transport
Mud/Taiings Flow

Ol Spill on Land

Ol Spill on Water
Plastic/Patticle Transport
Water Qualty

Utban Drainage EPA-SW
=)-Components
Rainfall/Evaporation
Culverts

Bridge Piers

Open Boundary Condtior
Sources and Sinks
Weirs

Intemal Rating Tables
Wind

Bridges

Gates

Infitration

Bridge Scour

Dam Breach

1D Boundary Condtions
= Output

Graphic Output Options
Profile Output

Cross Section Output
Observation Poirts

Open OILW

Save OILW

ADIOS Oil Database

Control Data  Trajectory Evaporation Emulsfication Trapping Dissolution Booms

Site Name: OilSpill_1 Version Number: 202311

Inital Spill Location Fluid Properties
X(m) (925098981 = Water density (kg/m3)  Oil densty (API) Ol viscosty (cP)
1000.00 % 000 2 010 =
Ym) [1707598.481 %
Depth (m) [0.000 < Dispersion Coefficients (m2/s)
longtudinal ~ Transversal  Vettical
5 N 1.0000 2| [1.0000 2] [00010 (S
Initial spill time (ws) 200 3| Nparcels 1000 3
Spil Volume e [0 Spil Release Path
Spill Path File
\OilSpill WIT
20BN A\ FummieaRihase\iSnill 1t

\OilSpill WIT

- e 2M2R\Nau N FvamieaRihaca\N
OO I | KT

Open Al Files

Save All Files Run QilFlow2D Exit

S

© www hydronia.com

About Hydronia OilFlow2D

Legacy Classic DIP Oil Spill on Water Trajectory panel.

2. Set the Logitudinal, Transversal and Vertical dispersion values to 0.

3. Click [Save .OILW] and overwrite the ‘base.OILW’ file.

4. When ready to run the model click Run OilFlow2D.

5. A plot window will open while the model runs:

Oil Trajectory
TIME: 0000:00:30:00 DDDD :HH:MM:SS
[Blue: in mesh; Brown: on boundary; Red: on botton]

17134435 : !

17119271

2 1710410.8

1708894.4 —

1707378.0 T T T
9193435 920859.9

T

9223763
Hm.)

9238926 925409.0

Model plot window.

The model run window will report the times being computed and a message will indicate that

the model finished running:
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<

File Edit ie

Nindow  Help

SETTING UP PRE-PROCESSES
READING M DATA ] . NODES.
DATA STRUCTURES
C POLYGONS
POL
GIN REORDERING MANNING!
END RECRDERING MANNIN(
G ESSIN
END PRO NG MANNIN(
NTINUE WITH E T IN

SPILL
SPILL
SPILL
SPILL
SPILL
SPILL

SPILL

SPILL

SPILL

SPILL

SPILL

SPILL

OIL SPILL

G COIL SPILL
OIL SPILL
OIL SPILL

G OIL SPILL
OIL SPILL
MPUTING OIL SPILL

RiverFlow2Dm5

Run terminated normally0
! Exit Window?

[Finished

Model execution window.

6. Click Yes to close the window.

8.5 Creating a Oil Spill Trajectory Animation

To check the model results we can create a oil trajectory animation using the following procedure:

1. Select the Animation tool

2. Onthe Animation panel, click Add Layer, and select the ‘Oil Water Particles’ from the dropdown
menu as shown:



8.5 Creating a Oil Spill Trajectory Animation

» | Select layer
Velocity Field
Velocity Mag
WSE
Depth
Bed Elevation
Delta Bed Elev
QBedSed Field
QBedSed Mag
Rain
Infiltration
QSuspendSed Mag
Pollutant
Mud/Tailings Flow
Oil Land Temperature
Oil Land Density
Oil Land Viscosity

i L
2ilEd Oil Land Yield Stress

Add Layer
Oil Water Volume

Oil Water Density

Oil Water Viscosity

Oil Water Concentration

4

Oil_Volume_per_unit_area

Output Time

Renderer Style
Get render range from:
® ) All times Present time

|< << |> >> |

a

Speed 1

Export Shape Export Image Export Video

Select Oil Water Particles animation.

3. Click the Add Layer button, and select Oilspill_1 and click [OK].

4. Then onthe Animation panel, select the Oil_Water_Particle_OQilspill_01 layer and click
to view the animation:
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Oil trajectory during animation.

This concludes the tutorial Oil spills in Rivers. Part II: Oil Spill.



Qil spills in Coastal Areas. Part |. Coastal
Hydrodynamics

This tutorial guides in the application of QilFlow2D to simulate oil spills in a coastal area. The first
part explains how to setup and run the hydrodynamic stage, where the model is used to generate
the velocity field in the area. The second part, included in a separate chapter, explains how to enter
the spill locations, and other oil data to simulate oil trajectories and fate.

9.1 Tutorial data

Before starting the project with QGIS. It is recommended to create a folder that will contain all the
necessary data such as the boundary condition files, the elevation data files, either in ASCII or in
raster format, etc.

The files required to follow this tutorial can be extracted from the ‘ExampleProjects’ zip file under the
‘OilSpillsinABayPart1’ folder. This zip file is downloaded separately from your installation materials.
The folder contains the files shown:

shape 7/17/2023 10:04 AM File folder
Ll biscayne_bay_S200_2018_utm.tif 7/12/2023 10:46 AM TIF File 101,269 KB
L’ biscayne_bay_S200_2018_utm.tif.aux.xml 7/12/2023 10:46 AM XML File 1KB
- EPSG32617.txt 3/25/2019 4:30 PM Text Document 0 KB
- OilSpill_1.txt 11/15/2019 3:03 PM Text Document 1KB
- Oilspill_2.txt 11/15/2019 3:03 PM Text Document 1KB
~ QINC.DAT 10/18/2019 10:51 AM DAT File 1KB
- QINConc.DAT 10/14/2019 9:15 AM DAT File 1KB
- Temperature.DAT 11/22/2019 8:43 AM DAT File 1KB
~ TidesVirginiaKey.dat 5/18/2021 10:47 AM DAT File 95 KB
~ TidesVirginiaKeyConc.dat 10/18/2019 10:51 AM DAT File 122 KB
~ WindVelocDATA txt 12/19/2017 1:17 PM Text Document 231 KB

Figure 9.1 — Files with data required in this tutorial.

116
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9.2 Starting QGIS

The first step is to start the QGIS software. After loading the QGIS, you will get a window is similar
to the one shown below:

(i3 Untitled Project — QGIS - (u] X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing ﬂelp@
[ BRx Oeppen Lo B @} EXE =
LAY 1" o QaR 2a
R-REGHES T B R YYD '@
Vv Jasvi-ana
90
ANNO, ©
72}
.-
[ R

Type to locate ( @ Coordinate 1.000,-0.076 % Scale 1:13 v & Magnifier 100% 5 Rotation 0.0° 5 v Render ®EPSG:2445 @

Figure 9.2 — QGIS interface for OilFlow2D indicating window areas. 1: Menu bar, 2: Tool bar, 3: Layer
panel, 4: Maps view area, 5: Status bar.

Note the tool bar contains icons that give access to all the OilFlow2D components. Some of the
icons have a drop down list that allow getting to more tools.

9.3 Start a new OilFlow2D project

1. To create a new QilFlow2D project, click on the New OilFlow2D Project button
in the toolbar. A dialog window appears where you select the optional component layers, the
Coordinate Reference System (CRS), the initial scenario name, and the project directory.

2. Select None in the Layers drop down menu.

3. Select the Projection button and select: Coordinate Reference System (CRS) EPSG 32617
corresponding to WGS 84 / UTM zone 17N - Projected (meters), and click OK.

4. Keep Name initial scenario setto base. Click the “...” button and choose the QilSpillsinaBayPart1
folder for the Project Directory. This is the folder where the model will write all results and out-
put files.
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5. After clicking OK, the layer templates are created, and displayed on the Layers Panel:

OOiIFIOWZD

Create New OQilFlow2D Project

Layers | none ¥

MeshDensityLine

MeshBreakLine

Manning Nz

Bridges
Gates
Culverts
Weirs
DamBreach
Piers
Abutments
Infiltration
RainEvap
Wind
Source/Sink

Internal Rating Table

MaximumErosionDepth

CrossSections

Profiles

ObservationPoints

Projection
Name initial scenario : |base

Project Directory |QilSpillsInaBayPart1

MeshDensityPolygon

Multiple DEM Boundaries

Initial WSE

Initial Concentrations

Initial Bed Fractions

Channels1D

Boundary Conditions 1D

QilSpills
OilRetentionDepth
Shoreline type
Vegetation_Trapping
Initial Conditions Oil
Spill Boom

SpillPaths

OilPipeLine

QilPipelineValves

EPSG:32617

OK Cancel

Create New OilFlow2D Project configured for QilSpillsinaBayPart1.

OilFlow2D will use the unit system as that defined in the projection you selected. If the pro-
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jection has coordinates in feet, units will be set to English. If the projection coordinates are in
meters, units will be set to Metric or SI.

6. On the QGIS Project menu, click Save, to save the project assigning the name OilwPart1, in
the same directory that you previously selected in the Create New Project dialog above.

9.4 Load elevation data

OilFlow2D uses elevation data in raster format. For instance, 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 & .

The following dialog will appear where you can select the raster file containing elevations. In this
case, select biscayne_bay S200_2018_utm.tif from ExampleProjects\QilSpillsinABayPart1\DATA.

Q) Data Source Manager | Raster

fomertes
» Vector o File " Protocol: HTTP(S), cloud, etc.

¥, Raster
23 M

Source

oud Raster dataset(s) \Users\PC\Dx OilFlow2D! 1\DATA\biscayne_bay_S200_2018_utm.tif = .
ted Text

& GeoPackage

» Options

% MS SQL Server
" Oracle
14 Virtual Layer
', SAP HANA
& wMs/wMTS
WFS / OGC API -

| ArcGIS REST
* server

4 GeoNode
Metadata Search

Close | Add | Help

Figure 9.3 — Raster data import dialog.

Click Add, Close the dialog and click on the Zoom Full button

The raster will be displayed on the screen, by default it is rendered in gray gradient. Right-clicking
on the label of the created layer and selecting Properties allows changing the rendering style for a
more informative color palette. When changed to Singleband psudocolor it appears as shown:
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Figure 9.4 — Digital elevation model in raster format created by interpolation.

It is convenient to move the raster layer to the end of the list of layers, thus it does not interfere with
the display of other layers.
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9.5 Create the limits of the modeling area (Domain
QOutline)

The limits of the modeling area are defined using 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_H:] F -D - = ﬂ- #
L AV B RO B

Menu buttons for digitalization toolbar.

2. Clicking on the button activates the rest of the editing buttons. Now click the Add Polygon

an

Feature tool which is the bean looking polygon

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

Make sure that the polygon is contained within the limits of the raster layer since OilFlow2D
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 anywhere on the screen. 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 500 m.

Domain Outline - Feature Attributes n

CellSize 500.000000000000000

OK Cancel

Input of attributes for the Domain Outline layer.

Z
»

If you want to make any correction to the polygon, use the Node tool to move, add or
remove nodes as necessary.

4. Save the polygon by clicking the Save button

/

and click on Toggle Editing icon to deactivate the layer edit mode and complete
the Domain Outline.
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Figure 9.5 — Domain Outline layer.

9.6 Generating the triangular-cell mesh

Now that the Domain Outline layer has been created, proceed to create the mesh.

To generate the mesh, click on the icon .
The following figure shows the generated mesh. You will also find the Layers panel one new layers:
Trimesh :
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Figure 9.6 — Mesh generated.

9.7 Setting the boundary conditions

In this tutorial we will define tidal stage condition at open boundaries. To define the tide boundary
condition do as follows:

1. Click the Toggle Editing button to add the polygons that are going to indicate
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the nodes on which the inflow condition is imposed.

2. Draw a polygon that includes the nodes or vertices at the lower end of the mesh as indicated
in the figure:

Polygon that covers the nodes defining the inflow boundary condition segments.

3. To finish the polygon, right-click on the last vertex. A window to enter the attributes of the
newly created polygon is displayed. It is important that the boundary condition polygon would
cover completely the inflow/outflow segment.

4. In the window the (Boundary Cond. ID) is BC 1, and the boundary condition Type: 9. Water
Surface Elevation vs. Time[Perpendicular].
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! Boundary Conditions - Feature Attributes [w] X

General = BC Data

Boundary Cond. Identify (ID) BC_1

Type of Open Boundary  9.Water Surface Elevation vs Time [Perpendicular] v
Bound. Cond. File Name artl/base\TidesVirginiaKey.dat Import BC File
OK | Cancel

Inflow boundary condition data.

« Boundary Conditions - Feature Attributes O X

General BC Data

Time(hr)  WSE(m) -
1 0 -0.273
2 0.25 -0.214
3 0.5 -0.154
4 0.75 -0.093
5 1 -0.034
6 1.25 0.024
7 1.5 0.079
8 1.75 0.131
9 2 0.179
10 2.25 0.221
11 2.5 0.258
12 275 0.289 .
OK | Cancel

Tidal condition read from the TidesVirginiaKey.DAT file.

5. Repeat the process for other tidal boundaries as necessary.

There are no outflow conditions in this case, since the open boundaries will consider inflow and
outflow though the tidal cycle.

9.8 Assigning Manning’s n roughness coefficients

Manning’s coefficients are used in QilFlow2D to represent the terrain roughness. To assign Man-
ning’s n values, we will enter polygons with particular n’s. There can be as many polygons as
required to reproduce the spatial variability of this parameter. In this example, a single polygon will
be used for the entire area.

1. Select the Manning N layer and click the Toggle Editing button
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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 (0.025):

Manning N - Feature Attributes

Actions

ManningN 0.025]

OK Cancel

Dialog to input Manning N Feature Attributes.

/

and then click the Editing Tool icon to deactivate

B

4. Click the Save icon
editing mode.

9.9 Exporting the files to OilFlow2D and running the
model

Once the layers with the input information to the model have been created, the next step is to run
the tool that exports the data files in the proper format required by QilFlow2D. The process is as
follows:

1. Unselect the MeshDensityLine and MeshBreakline layers, since they are not used in this ex-
ample.

2. Run the Export Hydrodynamic OilFlow2D plugin:

% Export Hydrodinamic OilFlow2D

i~

image

3. A dialog window is presented, where we will indicate the raster layer Magdalena containing
the Digital Elevation Model (DEM).

4. Click OK to start the export process.
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9 OilFlow2D X

OilFlow2D

Export Files to OilFlow2D

Project Directory E:/Tutorials/OF2D/QilSpillsInaBayPart1Final\base
Scenario Name base
DEM (Single Raster) biscayne_bay_S200_2018_utm hd
P Options
OK Cancel

Window dialog of the Export to OilFlow2D tool with the example data.

While exporting the data, you will be able to see the task progress at the top of the message
bar. After export completes, version 10 and later users see the Open DIP dialog. QGIS DIP is
selected by default; click OK to open it inside QGIS. To use the historical standalone option, ex-

To run the simulation select the Data Input Program (DIP) to launch the 2D model:

QGIS DIP
¥ More options
Classic DIP
Run both & compare
Both Classic & . In parallel and compare

Both & Sequentially (one after the other) and compare

example_run

pand More options, select Classic DIP, and then click OK.

With QGIS DIP selected, the current interface is shown below:
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Control Data
~ Components
Open Boundary Condi.
~ Output
Graphic Output Options.
Profile Output
Cross Section Output
Observation Points
Tools
~ Options
Mode! Selection
License
~ Help
View Help

¥ Time control data

Simulation time (hrs.) |120.0
Output interval (hrs.) 0.25
Output interval for components (hrs.) |0.01
Courant number (CFL) | .0

Hot start

> Computation control data

> Units

> Initial conditions

¥ Modules

) None
Sediment Transport
Pollutant Transport
Mud/Tailings Flow
Plastic/Particle Transport
ol spill on Land
il spill on Water
Water Quality

Urban Drainage EPA-SWMM

v Components

Rainfall/Evaporation Weirs

Bridge piers Wind

Culverts Bridges

Intemal rating tables Gates.

Dam Breach Infiltration

Sources/Sinks Bridge scour
U]

> Output options

Open All Files Save Al Files

Run OilFlow2D. Exit www.hydronia.com

About Hydronia OilFlow2D

QGIS DIP Control Data panel for Qil Spills in a Bay Part I.

QGIS DIP and Classic DIP use the same project settings, but their interfaces look different.
Older standalone or non-maintenance versions may open Classic DIP automatically. The
project-specific Classic DIP settings and Run steps below are retained; in this case, base.DAT
should already be set.

5. Enter the parameters as shown:

The following Classic DIP configuration is retained as a legacy values reference:

Control Data

= Modules
Sediment Transport
Pollutant Transport
Mud/Tailings Flow
il Spill on Land
il Spill on Water
Plastic/Particle Transpori
‘Water Quality
Urban Drainage EPA-SV\

=-Components
Rainfall/Evaporation
Culverts
Bridge Piers
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 Al Files Save Al Files

Control Data
Time control data Modules Output options
Open .DAT I =
E Simlation time (hrs.): 120 O sedment Transpot O O Spil on Land (0 Automatic close of model windows
Save DAT O Polutant Transpot (O Oil Spill on Water

Output interval (hrs.): 0.25
Outputinterval g 55

for components (hrs):
Courant number (CFL): 1

(O Hot start

Computation control data

Manning's n factor: 1

(0 Manning’s n variable with depth

Minimum depth for dry bed: -1

Model Selection
© RiverFlow2D GPU

O RiverFlow2D CPU
Data file origin: QGIS

& Output il
O Mud/Taiings Flow O Water Qualty 18 Output maximum files

O Plastic/Patticle Transport Q) None 9 Output hazard file
(O Urban Drainage EPA-SWMM () Output resuits for cross sections

Components ) Output resutts for profiles

(O Rainfall/Evaporation () Weirs (0 Output resuits at observation points
[0 Bridge piers O wind () Compute mass balance every

O Culvets (O Bridges — output interval

([ Intemal ratingtables () Gates Depth for amival

M 0.0000 |5
() Dam Breach () Infitation Hime calculation ¢n)

[0 Sources/Sinks (O Bridge scour

Initial conditions

Mutiple Sources batch run
O Drybed
Metric English =
O Readinttial water elevs. from FED file
DIP Language: | English v © Horizortal water suface elevation
Parallel computation 0
GPU card (]

NVIDIA GeForce GTX 1080 Ti

Run RiverFlow2D

B @ wwwhydronia com

Legacy Classic DIP configuration window.

About Hydronia RiverFlow2D

6. Then click the Run QilFlow2D button to run the model.

7. A dialog box will appear asking to save your changes, click [Yes]. By default it will use the

name of the Scenario as the name of the .dat file. Confirm to overwrite the file.
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8. A few console windows will appear to initiate the model, then an image similar to the one
shown below should appear.

oEa

Window appearing when the model is running.

9. When you have finalized reviewing the information included in this window, close it. The fol-
lowing post processing window will appear indicating the final post-processed task performed
by the OilFlow2D model. The window will close automatically.
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% RiverFlow2Dm5

‘File Edit View State Window Help

Users\PC\Documents\RiverFlow2D_OGIS\OilExampleProjects\OilSpillsinaBayPart 1\B

TWC-DIMENSICNAL FINIT
(R) TRADEMARK

7643 HODES.

OUTPUT PROCESS IS COMPLETED

JTES MAXIMUM RESULTS AND E D LEVELS AT CELLS

THIS WINDOW WILL CLOSE AUTCMATICALLY IN 16 SECONDS.

Final post-processes.

9.10 Creating an Animation of the Velocity Field in the
Bay

To check the model results we can create an animation of the velocity field in the bay using the
following procedure:

1. Select the Animation tool

Wait for the animation to load. It will appear in the Animation list.

2. On the Animation panel, click Add Layer, and select the ‘Velocity Field’

=

3. Then on the Animation panel, select the Velocity_field layer and click to
view the animation

To see the animation, the layer needs top be moved above the DEM and / or other satellite
map layers.
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Detail of the velocity field during the animation.

This concludes the tutorial Oil spills in a coastal area. Part I: Coastal Hydrodynamics.
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QOil spills in Coastal Areas. Part Il: Oil Spill

This is the second part of the Oil spills in coastal areas tutorial. The first part explained how to
setup and run the hydrodynamic stage, where the model was used to generate the velocity field in
a bay. In this section we will show how to enter the spill locations, and other oil data to simulate oil
trajectories and fate.

10.1 Opening the project with results obtained in Part |

We will use the files resulting from Part | of the tutorial that should have been generated before in
the folder under \ExampleProjects\QilSpillsinaBayPart1’.

Open QGIS and then open the project resulting from Part |, where we completed the hydrodynamic
simulation of the bay and created a velocity field map:

133
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Figure 10.1 — Resulting project from the tutorial Oil Spill in Coastal Areas Part |

Alternately you may choose to open a premade version of Part 1 project located in the OilSpillsin-
aBayPart1Final folder.
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10.2 Create the QilSpills layer and enter the spill
location and data

1. Create a new OilSpills layer: for this, go to the OilFlow2D toolbar of and click on New Template
Layer

Qv omee .
New Template Layer

EPA-SWMM Tools

Import Multi Sources File

Import OilFlow2D Layers

Recover Removed Layers

Compare Output Raster Maps

Setting TriMesh Elevations from FED file
Check internal angles of TriMesh's cells
Run Qil Pipeline Break Model

Import Single to MultiScenary Project
QilFlow2D Settings

image

2. In the Add Template Layer dialog, select the OilSpills checkBox, as shown in the Figure below
and click OK.

yer x

| o OilFlow2D

Add Template Layer to OilFlow Project

“““ o OippeLine

OilFlow2D dialog to add the new layer.

3. Edit the OilSpills layer: In the layers panel we select the OilSpills layer then in the digitalization

L

toolbar we click on the Toggle Editing button

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

/ QilSpills |
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4. To enter the spill location click on the Add Point Feature button of the digitalization toolbar

Oo
O

and then click on the location where you want to set the spill point. The oil
spill dialog will appear. Enter the data as indicated in the figure:

QilSpills - Feature Attributes n

Actions

General Data

Spill Site (ID) : (OilSpill_1

Water Density : 11000.0

Initial spill location X : 578864.5422661066
Initial spill location Y : 2839495.3854692094
Initial spill location Z : 0.0

N Parcels : /1000

Qil Density (API) : 40.0

Qil Viscosity : |15.0

Initial Spill Time : 2

Longitudinal Dispersion Coeff. : 1.0
Transversal Dispersion Coeff. : 1.0

Vertical Dispersion Coeff. : 0.001

OK Cancel

Oil Spill Dialog.
5. Click on the Data panel and open the spill volume file using the Import Spill Volume File button.

6. Browse to the project ‘DATA’ folder and select ‘Oilspill_1.txt".

QilSpills - Feature Attributes n

Actions

General Data

Spill Volume File yw2D_QGIS/ExampleProjects/QilSpillsInaBayPart1/OilSpill_1.txt | Import Spill Volume File

Time Cumulative Volume
10 1000
205 2000
2

OK Cancel

Oil Spill Volume File.
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7. Click OK to close the dialog and the ail spill point will be shown:

Oil Spill Point.

=

8. Save the changes to the layer by clicking the Save button

9. Click on the Toggle editing button to finalize the editing mode.

10.3 Export Oil Spill Data

1. Use the Export OILW command to export the data to run the model

icaluhy sy = I = S Ml
% Export Hydrodinamic QilFlow2D |

Export OILW command.

2. In the dialog enter the simulation time (48 h), output interval (0.25 h), the time step (10 sec.),
import the wind velocity data (‘WindVelocData.DAT’) file, and ambient temperature file (‘Tem-
perature.DAT’) from the ‘DATA’ folder as shown, and click OK.
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Q5 OilFlow2D

OilFlow2D

Export OILW File

Compute Evaporation Compute Emulsification Compute Booms

Compute Shoreline Compute Dispersion

Compute Dissolution Compute Sedimentation
SimulationTime (hr): 120

Output Interval (hr): 0.25

Time Step (sec): 10

Velocity Field Path : |E:/Tutorials/QilSpillsinaBayPart2Final\base
Wind Velocity File : WindVelocDATA.txt

Ambient Temperature File : Temperature.DAT

OK

Export OILW Dialog.

Cancel

After export completes, version 10 and later users see the Open DIP dialog. QGIS DIP is
selected by default; click OK to open it inside QGIS. To use the historical standalone option, ex-

pand More options, select Classic DIP, and then click OK.

To run the simulation select the Data Input Program (DIP) to launch the 2D model:

QGIS DIP

¥ More options
Classic DIP

Run both & compare

Both Classic & . In parallel and compare
. Sequentially (one after the other) and compare

Both Classic &

=: |example_run

OK

With QGIS DIP selected, the current interface is shown below:
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File Edit View
Control Data - -
« Modules v Time control data
Oil Spill on Water
~ Components
Open Boundary Condi.
~ Output
Graphic Output Options.
Profile Output
Cross Section Output
Observation Points

Tools
~ Options
Model Selection » Computation control data
License =
~ Help E Ui
o e > Initial conditions
¥ Modules
None
Sediment Transport
Pollutant Transport
Mud/Tailings Flow
Plstic/particle Transport
ol spil on Land
) 0l Spill on Water
Water Qualty
Urban Drainage EPA-SWMM
v Components
Rainfall/Evaporation Weirs
Bridge piers Wind
Culverts Bridges
Interna rating tables Gates
Dam Breach Inftration
Sources/Sinks Bridge scour
»
> Output options
Open All Files Save Al Files Run OilFlow2D Exit s hydronia.com About Hydronia OilFlon20

QGIS DIP Control Data panel for Oil Spills in a Bay Part II.

QGIS DIP and Classic DIP use the same project settings, but their interfaces look different.
Older standalone or non-maintenance versions may open Classic DIP automatically. The
project-specific Classic DIP settings and Run steps below are retained.

10.4 Enter additional data in the Hydronia Data Input
Program and run OilFlow2D

1. Review the data in the Hydronia Data Input Program panels:

The following Classic DIP Control Data panel is retained as a legacy values reference:

Control Data
= Modules
ngu'\"e:TT "’"”"ﬂ" Modules Output options
olutant Transpor Open DAT Ie -
Mud/Taiings Flow O Sediment Transport ) O Spil on Land () Automatic close of model windows
4 Solon Lerd Sore DAT O Polutort Tanpot @ OSpllon Water gy 00
Ol Spill on Water O Mud/Taiings Flow O Water Qualty —
Plastic/Particle Transpor O Plastic/Partcle Transport O None R
Water Qualty (O Wban Drainage EPASWMM () Output resutts for cross sections
Urban Drainage EPA-SWA = -

& Componeets e O ot et forprfes
Rainfal/Evaporation O Rairfall/Evaporation () Weirs [0 Output resuks at observation points
g“g""; T O Bridge piers O Wind ) Compute mass balance every

pae e O Cuiverts (O Bridges — oulput interval
Open Boundary Condtior U
Sources and Sinks () Intemal rating tables () Gates |Deoth flor i;wal ) 050
Weirs () Dam Breach O Infitration ime calculation fm =
Intemal Rating Tables L () Sources/Sinks (O Bridge scour
Wind Manning’s n variable wth depth Muliple Sources batch
Bidges -
Gates
Infitrt Metrc English

. Model Selection

Bridge Scour
Dam Breach © 0iFlow2D GPU DIP Language: | Engish

- Output O OilFlow2D CPU Parallel computation

Graphic Output Options )
Profile Output Datafile orign: QGIS GPU card.
Cross Section Output NVIDIA GeForce GTX 1080 T
Observation Points
Tools
Open All Fles  Save Al Files Run Oiflow2D Ext @ 1w hydronia com About Hydronia OiFlow2D

Legacy Classic DIP Control Data panel.
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File Edit View

“«

‘

“

‘

Control Data

Modules Open .OILW ]
Ol Spill on Water

Components Save .OILW J
Open Boundary Condi.

Output @ aypartzFinalfbase\base.OILW
Graphic Output Options
Profile Output Version: 202311

File version: 202311
E

Cross Section Output
Observation Points
Tools

Options
Model Selection
License

ite Name

Oilspill_L

Open Al Files Save Al Files Run OilFlow2D. Exit

Control Data

| Trajectory | Evaporation | Emulsification | Trapping

Site: Oilspill_1

Compute
Compute
Compute
Compute

Compute

Evaporation
Emulsification

Shoreline and Bottom Interaction
Dissolution

Containment Booms

Use Powerlaw Velocity Profile

Simulation time (hrs)

Dissolution | Booms

Output interval (hrs) |0.250

Wind @ |0

Velocity Field Project...

120.000

Version: 202311

| Time step (sec) 100 |

Grid cell factor (GCF) |0 |

| Poweriaw velocity profile 6.0 |

E:\Tutorials\OilSpillsInaBayPart2Final\base

Wind Velocity ...

Ambient Temperature File... ]

° o] © =
Time (h) Ux (mfs) Uy (mfs) E “Time (hr) Temperature (°C)
1 o 5.97 2.17 10 25
2 1 5.09 8.83 2 100 25
& 2 3.84 6.63 3200 25
4 |3 587 492
57 4 0.00 0.00
6 5 331 -1.90
7 6 0.66 3.77
8 7 0.00 0.00
Addrow | Remove rc | update wind velocity File| | Addrow | Remove rov Update Ambient Temperature File |

www.hydronia.com

About Hydronia OiFlow2D |

QGIS DIP QOil Spill on Water Control Data panel.

The following Classic DIP Qil Spill on Water Control Data panel is retained as a legacy values
reference:

Control Data 0il Spill on Water

= Modules
Sedment Transpott
Poltant Transport Open OILW Control Data  Trajectory  Evaporation  Emulsification  Shoreine | Dispersion  Dissolution  Sedimentation ~ Booms
Mud/Taiings Flow
0Ol Spill on Land Save OILW OilSpil_1 Site Name: OilSpill_1 Version Number: 201910
MW‘ )| Campute Eveposation Simulation time (hrs) 120.000 & Time step (sec) 1000 [
Water Qualty () Compute Emuisfication Output interval brs) (02500 [3] Grdcelfactor GCF) 0 |2
Urban Drainage EPA-SW () Compute Shoreline Interaction

& Components
Rainfall/Evaporation (O Compute Dissolution Velocity Field Path
Culverts (O Compute Sedimentation C:/Users/PC/Desktop/OiSpillsinaBayPart2
g’:?‘ex:darycmﬁm ([0 Compute Containment Booms
37;?3“ and Sirks Wind Velocty Fie. Ambient Temperature Fie
Intemal Rating Tables op\QilSpillsinaBayPart2\base C:\Users\PC\Desktop\QilSpillsinaBayPart2\base
Wind Temperature D
Brdges
Gates
Infiktration U m/s) Uy m/s) | Temperature ('C)
Bridge Scour L
Dam Breach

& Output [ 509 883 | 100 2
Graphic Output Options ‘ 2 384 663 200 2%
Profile Output
Cross Section Output E 557 452
Observation Points [« 000 000
[foce [s 331 150

Open AllFles | Save Al Fies Run OiFlow2D Ext @ www hydroria com About Hydronia Oiflow2D

Legacy Classic DIP Qil Spill on Water Control Data panel.
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File Edit View

Control Data , Tragect - .
~ Modules Yol Control Data | Trajectory | Evaporation | Emulsification | Trapping | Dissolution | Booms
Ollispillon Water; Site Name: OilSpill_1 Version Number: 202311
~ Components Save .OILW
Open Boundary Condi. Initial Spill Location Fluid Properties
~ Output @ aypartzFinalfbase\base.OILW
Graphic Output Options. T Water density Ol density Ol viscosity
Profile Output Version: 202311 (m) - (aP1) (@)
Cross Section Output File version: 202311 ¥ (m) | 2839558 366 = = =
Observation Points 5 1000.00 < [4000 2| [1s00 B
Tools Depth (m) |0.000
~ Options Oilspill_t
Model Selection
License
~ Help
View Help
About
Dispersion Coefficients (m2/s)
Initial spill time (hrs) | 2.00 2| N parcels | 1000 B ongiaxingl T =)
1.0000 2| (10000 2| [oo010 =
Use Inital O Area
Spill Release Path
il P
[ Spill Volume Fie... ) Time (hr) X (m) Y (m)
@ 00 | Lot
Time (hr) Acc.Volume (bbl)
10 1000
205 2000
| Addrow Remove r A Remove
Open All Files Save All Files Run OilFlow2D Exit www.hydronia.com About Hydronia OilFiow2D

QGIS DIP Oil Spill on Water Trajectory panel.

The following Classic DIP Oil Spill on Water Trajectory panel is retained as a legacy values
reference:

Control Data Ol Spill on Water
= Modules
Sediment Transport

Poliutant Transport Open OILW Control Data  Trajectory  Evaporation Emulsfication Shoreline Dispersion Dissolution = Sedimentation Booms
Mud/Taiings Flow
il Spill on Land Save OILW OilSpil_1 Stte Name: OilSpill_1 Version Number: 201910

Oil Spil on Water Inital Spil Location Fluid Properties
Plastic/Patticle Transport .
Water Qualty X{m) |579397.93 = Water density (kg/m3) |1000.00 5
Urban Drainage EPA-SW\

& Components
?:,’,':IL/MWMM Depth (m) |0.00 < Oi viscosty (cP) 1500 1=
Bidge Piers
Open Boundary Conditior Initial spill tme (hws) (200 13| Nparcels (1000 [ Dispersion Coefficients
sources and Soks e Longtudnal dsperson coef. n2/e) [1.0000 12
Intemal Rating Tables
Wind
Padoes Vetical dispersion coeff. (n2/s) [0.0010 [
Gates
Infitration
Bridge Scour Acc Volume (bbl)
pes Beect 0 1000

= Output
Graphic Output Options 05 2000
Profile Output
Cross Section Output
Observation Points
Tools

Yim) 284357298 |3 Oil denstty (API) |40.00 |

top\OiSpilsinaBayPart2\base Transversal dispersion coeff. (n2/s) 10000 5

Open All Fles  Save Al Fles Run OiFlow2D Ext @ wwhydronia com About Hydronia OiFlow2D

Legacy Classic DIP Oil Spill on Water Trajectory panel.

2. Uncheck the Shoreline trapping checkbox in the Shoreline panel.
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File Edit View

Control Data
~ Modules Open OLLW Control Data | Trajectory | Evaporation | Emulsification | Trapping | Dissolution | Booms
il Spill on Water Site Name: OilSpill_1 Version Number: 202311
~ Components Save .OILW
Open Boundary Condi. Shoreline and Bottom Interaction
~ Output @ aypartzFinalfbase\base.OILW
Graphic Output Options. Bottom Trapping
Profile Output Version: 202311
Cross Section Output File version: 202311 Shore Trapping
Observation Points T
Tools pillSitelName} Vegetation Trapping
~ Options oilspill_t
Model Selection Dispersant Application
License
~ Help
View Help
About
Open All Files Save Al Files. Run OilFlow2D Exit www.hydronia.com About Hydronia OilFlow2D

QGIS DIP Oil Spill on Water panel with Shoreline trapping unchecked.

The following Classic DIP shoreline panel is retained as a legacy values reference:

Control Data
= Modules
Go to our site r Transport
Blitart Transport
Mud/Taiings Flow
Oi Spill on Land
Oi Spill on Water
Plastic/Particle Transpor
Water Quaity
Urban Drainage EPA-SWA
= Components
Rainfall/Evaporation
Culverts
Brdge Piers
Open Boundary Condtior
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

Oil Spill on Water

Open OILW _ Control Data Trajectory  Evaporation Emuisfication Shoreline | Dissolution | Booms
sweo | TCCRE  teNome:Otsoi 1 Verson Number: 202311

ADIOS Oi Database () Bottomtrapping
(3 Shore trapping
Run OilFlow2D Bxt @ www hydronia com About Hydronia OiFlow2D

Legacy Classic DIP shoreline panel.

3. Click the [Save .OILW] button to save the changes to the .OILW file.

4. When ready to run the model click Run OilFlow2D.

5. A plot window will open while the model runs:
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Qil Trajectory
TIME: 0001:19:30:00 DDDD:HH:MM:SS
[Blue: in mesh; Brown: on boundary; Red: on botton]

2851145.0

2834931.5

-

E 2318718.0

S
2802504.8 -
2786291.3 . I ‘ . ‘
557315.6 573529.1 589742.4 605955.9 622169.3
X (m.)
Model plot window.

The model run window will report the times being computed and a message will indicate that
the model finished running:
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<

File Edit ie

Help

SETTING UP PRE-PROCESSES
READING MESH DATA ] . 3544 NODES.
GENERATING ME DATA STRUCTURES
POLYGONS
POL
RING MANNING!
DERING MANNINI

SPILL R ME: RiverFlow2Dm5
SPILL

SPILL
SPILL
SPILL
SPILL
SPILL

SPILL

SPILL

SPILL

SPILL

SPILL

OIL SPILL

G COIL SPILL
OIL SPILL
OIL SPILL
OIL SPILL
OIL SPILL
MPUTING OIL SPILL

Run terminated normally0
! Exit Window?

[Finished

Model execution window.

6. Click Yes to close the window.

10.5 Creating a Qil Spill Trajectory Animation

To check the model results we can create a oil trajectory animation using the following procedure:

1. Select the Animation tool

2. On the Animation panel, click Add Layer, and select the ‘Oil Water Particles’ drom the drop-
down menu as shown:
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Oil spills in Coastal Areas

. Part II: Oil Spill

QilFl

Select layer
Velocity Field
Velocity Mag

WSE

Depth

Bed Elevation

Delta Bed Elev
QBedSed Field
QBedSed Mag

Rain

Infiltration
QSuspendSed Mag
Pollutant
Mud/Tailings Flow
Oil Land Temperature
Oil Land Density

Oil Land Viscosity
Oil Land Yield Stress
Oil Water Volume

Oil Water Density

Oil Water Viscosity

Oil Water Concentration
Oil_Volume_per_unit_area

Output Time

Get

Speed 1

Renderer Style

render range from:

® ) All times

|< << |>

a

Export Shape | Export Image | | Export Video

>>

Add Layer

B®

Present time

Select Oil Water Particles animation.

3. Then onthe Animation panel, select the Oil_Water_Particle_01 layer and click

to view the animation

Oil trajectory during animation.
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This concludes the tutorial Oil spills in Coastal Areas. Part II: Oil Spill.



Wind driven circulation

OilFlow2D 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 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.

11.1 Open an existing project

1. Open QGIS

2. On the Project menu click Open... to load the existing project: ‘WindTutorial.qgz'.

147
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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

@ WindTutorial — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DEERRY (*PLPRPP ALRe LEGR

M-E- G5 GE¥ZE =

J
- - - et e -
Layers a2®

« 4 =T 2 - g

v || Domain Outline

V! ] Boundary Conditions
~ | (8] MESH_SPATIAL_DATA

v | | Manning N

v (3] COMPONENTS

V| [ ouTPUT_CONTROL

v (Bl OUTPUT_RESULTS
» W ¥ DEM

SHEOSABNRBNS

QG'S as Shown in Figure i 51 . [ Type o locate (et Pan distance 273.882 km (103.99661°E)

11.2 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:
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6544

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

11.3 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

New Template Layer

2. The existing WindTutorial.qgz project uses the base scenario and EPSG:6623. In the Add
Template Layer to OilFlow Project window, activate the Wind checkbox, as shown in the Figure
below:
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OOiIFIOWZD

Add Template Layer to QilFlow Project
Components Mesh
Manning N Initial WSE

Manning Nz Initial Concentrations

Initial Bed Fractions

Bridges

Gates MaximumErosionDepth

CLlvers Channels1D

Wl Boundary Conditions 1D

DamBreach

Piers OilSpills

Abutments OilRetentionDepth

Infiltration Shoreline type

RainEvap Vegetation_Trapping
V| Wind Initial Conditions Qil

Source/Sink Spill Boom

Internal Rating Table SpillPaths

CrossSections
OilPipeLine

Profiles

OilPipelineValves
ObservationPoints

OK Cancel

Add Template Layer to OilFlow Project with Wind selected.

3. Edit the Wind layer: In the layers panel, we select the Wind layer and in the digitization toolbar

we click on the Toggle Editing tool . A pencil icon will appear in the Wind layer,
indicating that the layer is in edit mode:

4 il COMPOMENTS

4. Draw the polygon that demarcates the Wind area: Using the Add Feature tool from the digiti-
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2

zation toolbar s .

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.txt'.

The parameter window should be as shown below:

Q Wind - Feature Attributes m] X
[en} [o.oogl |a }
AIRDENSITY 1,225 «a
WINDFILE base/WindVelocDATA txt &

{ oK I 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:
Layers Panel [
o [ % T &-H AL
|| pomain Outline
O MeshDensityLine
O I:‘ Boundary Conditions
4 [J] [l MESH_SPATIAL_DATA
: Manning N
4 [ [l comPONENTS
M wind
(il ouTPUT_conTROL

[l oUTPUT_RESULTS
> [+ B pEM

Layers Panel Browser Panel

Advanced Digitizing Panel H X

CAD tools are not enabled for the current
map tool

Wind layer polygon.
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11.4 Generate the mesh

Then the mesh is generated with the Generate TriMesh button

The results obtained as shown in Figure 15.5 (mesh of around 17,500 cells).
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11.5 Exporting files

After generating the mesh and preparing the other layers, export the files in the format required by
OilFlow2D.

1. Uncheck the Boundary Conditions layer.

2. Activate the DEM layer.

3. Use the Zoom Full button to center the image if required.

4. Open Plugins > QilFlow2D MS > Export OilFlow2D and click the exact visible action Export Hydrodinamic OQilFIc

A

5. In the OilFlow2D export dialog, keep the Scenario Name value at base and choose DEM in
the DEM (Single Raster) field. The dialog labels the operation Export Files to OilFlow2D.

Scenario Name

Export Files to OilFlow2D
DEM (Single Raster)

p Options

6. Click OK after checking the values.

After export completes, version 10 and later users see the Open DIP dialog. QGIS DIP is
selected by default; click OK to open it inside QGIS. To use the historical standalone option, ex-
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To run the simulation select the Data Input Program (DIP) to launch the 2D model:

QGIS DIP

¥ More options
Classic DIP

Run both & compare

Both Classic & . In parallel and compare
Both Classic & . Sequentially (one after the other) and compare
example_run
pand More options, select Classic DIP, and then click OK.
With QGIS DIP selected, the current interface is shown below:
Control Data @ r
e .
e ndary Condi Open .DAT Save .DAT Fie Version 202103 ‘@ Ei/Hydronial LC Testing/v10.0_| s T
. Om:“ﬁ"d Expand All Collapse All
Graphic Output Options. T e
Profile Output
Cross Section Output Simulation time (hrs.) |24.0
Observation Points
Tools Output interval (hrs.) 0.5
~ Options
Model Selection Output interval for components (hrs.) |0.5
License
~ Help Courant number (CFL) 1.0
View Help
About Hot start
» Computation control data
» Units
» Initial conditions
¥ Modules
® None
Sediment Transport
Pollutant Transport
MudTailings Flow
Plastic/Particle Transport.
0il Spill on Land
Oil Spill on Water
Water Quality
Urban Drainage EPA-SWMM
¥ Components
Rainfall/Evaporation Weirs.
Bridge piers V| Wind
Culverts Bridges
Internal rating tables. Gates.
Dam Breach Infiltration
Sources/Sinks Bridge scour M
Open All Files Save All Files Run OilFlow2D Exit www.hydronia.com About Hydronia OilFlow2D

QGIS DIP Control Data panel for the Wind tutorial, with no modules selected.

QGIS DIP and Classic DIP use the same project settings, but their interfaces look different.
Older standalone or non-maintenance versions may open Classic DIP automatically. The
project-specific Classic DIP settings and Run steps below are retained.

11.6 Running the model

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 15.7 The following Classic DIP Control Data panel
is retained as a legacy values reference:
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Control Data Control Data
&) Modules
gcﬁ:e: TTFGHSDT o Time control data Modules Output options
oliutant Transpo Open p
Mud/Taiings Flow Simulation time s ): 24 O Sedment Transpot O i Spil on Land (0 Automatic close of model windows
0il Spill on Land Save DAT ) O Polutant Transport (O Oil Spill on Water A
Oil Spill on Water Outputinterval frs): 0.5 O Mud/Taiings Fow O Water Qualty ! s maxlmurT\ ies
Plastic/Patticle Transpor Outputinterval o5 O Plastic/Patticle Transport ) None () Output hazard file
Water Quality for components (rs}: ) Urban Drainage EPA-SWMM () Output results for cross sections
Urban Drainage EPA-S Version = () Output resuts for profiles
= Components 00081304 Components —
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 Oa Ige s g Bvi: [ ity el
Open Boundary Conditior L Culvets e ges . |
Sources and Sinks Computation control data ) intomalratingtables L) Gates iation m 10,0000 =
Wers ) Dam Breach O Inftration tme caloulation ) [ <
intemal Rating Tables Db e dl () Sowces/Srks [ Bridge scour
Wind [_) Manning’s n variable with depth Multiple Sources batch run Initial condttions
Bridges Minimum depth for dry bed: -1 .
Gates . O Drybed
Met Engish -
I;:'ab;" Mode! Selection e o O Readinitial water elevs. from FED file
Ige Scour
Dam Breach O Riverflow2D GPU DIP Language:  English i © Horizontal water surface elevation
= Output © RiverFlow2D CPU Parallel computation 0
Graphic Output Options (7] A
Profile Output Data file origin: QGIS Number of cores:
Cross Section Output 24 v
Observation Points
Tools
Open Al Files | Save Al Files Run RiverFlow2D Exit @ wwwivdroria com About Hydronia RiverFlow2D

Legacy Classic DIP 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:

File Edit View

Control Data

~ Components Open .WIND
Open Boundary Cor
Wind

~ Output
Graphic Output Options. D (mm):

Profile Output
Cross Section Output
Observation Points

Save WIND

0.009

Air Density (kg/m3): |1.225

Tools
Model Selection L
s T
~ Help
View Help
Open All Files Save All Files Run OilFlow2D Exit

@ E/HydronialLC

Testing/v10.0_F

@ -ydronialLC-

Wind Speed File >
3 2
4 |3
5 |4
6 |5
7 s
s 7
9 |8
0 |9
u
2o |u
13|12
1 |13
151
16 |15
7 |6
1B |17
19 |18

Add row

‘www.hydronia.com

Testing\v10.0. 3
Time (h) Ux (mfs) Uy (m/s) E
597 217
5.09 883
384 663
587 492
0.00 0.00
331 -1.90
-0.66 377
0.00 0.00
-3.84 0.00
0.00 0.00
131 7.51
0.00 1020
0.00 7.64
0.00 892
0.00 10.20
479 13.16
781 656
5.09 883
-3.05 837 =
Remove row

About Hydronia OilFlow2D |

QGIS DIP Wind component panel.

The following Classic DIP Wind panel is retained as a legacy values reference:
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Control Data

& Modules
Sediment Transport
Poliutant Transport
Mud/Taiings Flow
Qil Spill on Land
Oil Spill on Water
Plastic/Particle Transport
Water Quality
Urban Drainage EPA-SWA

&+ Components
Rainfall/Evaporation
Culverts
Bridge Piers
Open Boundary Conditior
Sources and Sinks
Weirs
Intemal Rating Tables
Bridges
Gates
Infiltration
Bridge Scour
Dam Breach

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

Wind

Open .WIND

Save WIND

Ar Densty fg/m3): 1225

CD fmm):  0.009

Wind Speed File
WindVelocDATA

WindVelocDATA bt

- Ux m/s) Uy (m/s) |

5.09
384
587
0.00
331
066
0.00
-3.84
0.00
-1.31
0.00
0.00
0.00
0.00
479

883
663
492
0.00
-1.90
377
0.00
0.00
0.00
751
1020
764
892
10.20
13.16

Open All Files Save All Files

Legacy Classic DIP Wind panel.

Run RiverFlow2D

© wwhydronia com

About Hydronia RiverFlow2D

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 OilFlow2D 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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%RiverFIowZD Plus S [m] X
Simulation Status 381.58 T b
-381. opography (m) -0.98 | 0.01 Water Depth (m) 359.35
= RN | S O T—
L2
B L1 Msg
etup loaded

Initial wat; urface elevation set at 0.000

wind parameters ready

Simulation setup ready
Info Simulation

B Info Activated t (D H:M:S) At (s.) Volume Error (%) Q Inflow (m3/s) Q Outflow (m3/s)

Kernel compilation: Feb 12 2024 0001 00:00:00 0.443896 0.000000e+00 0.000000 0.000000

The number of threa

e I w— Total Inflow == Total Outflow === Volume Error

Elapsed time (HH:MM:SS): 00:02:59

01- 1 12:0 -16
ime
Progress -
Pause Close

Figure 11.1 — Model window.

11.7 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.

= NN Sy

¥4 Results vs Time Maps

% Maximum Result Maps

% Time-to-Depth Maps

Ck] Hazard Intensity Maps

ﬁ Suspended Sediment and Pollutant Concentration vs Time Maps
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The following figure shows the water velocity field map for time 0000:20:00:00:

Layers

YleT &G HEAL

[ 7riMesh
V [ | Domain Outline

] Domain Outlineq

— MeshDensityLine

W wind

— MeshBreakLine
[] Boundary Conditions
v | (5 MESH_SPATIAL_DATA

V|[JManning N
@ COMPONENTS

3 ouTPUT_CONTROL

v
~ /(I ouTPUT_RESULTS
elocity 0000

ASLSLSLSLNEN

v/ — 0.0000

ty

0.1070
02140
03450
04980
06750

v — 13700

v | [ #DEM
W37
-282
-189
95

[ BF)

This concludes the Wind driven circulation tutorial.

-0.1070
=0.2140
-0.3450
- 0.4980
- 0.6750
-0.8910
0.8910 -
- 2.3640

1.3700

Figure 11.2 — Map with the speed field for the time 20 hours.




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 OilFlow2D 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.

12.1 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 in-
flow 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 out-
flow. When you open the project you will have an image of the project loaded in QGIS as shown

159
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DmARRH (P22 RPP L BeblOR B E &5 QEXCE-
Y e - ;
e LR
%

Tos
Vo Mawva-san
| V][] Domatn Outtine
] Boundary Contions
B4 - 03 vesnseamias osma
] Manming
v (¥ COMPONENTS
718 [t oo
v & ouTPUT_RESULTS.

SEBBAENS
L
i
I

in16.1.

-y

o o @ ) e e e

- B@QV.ZamER

QaR 29

12.2 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

(X Data Source Manager | Vector -

“ Source Type
(e Fie  Diractory _ Database | Protocol: HTTP(S), cloud, etc.

Close || Add

16.2).

Encoding Automatic -
Source

Vector Dataset(s) i ingsN_Shapefile iver_ManningsN.shy all]
» Options

| Help

When loading the file, an image similar to the one shown in the following figure will be displayed

on the screen:



161 Using Manning’s n ESRI shape files

SaltRiver_ManningsN Layer.

12.3 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 field names of the shape file: Right-click on the SaltRiver_ManningsN layer label

Q SaltRiver_ManningsN — Features Total: 69, Filtered: 69, Selected:

/ZEBR & BENRTEDP
LUCode N_Value
1 |Farm_medium 0.06
;Veg,low 0.04
:Veg,medium 0.055
:Veg,medium 0.055
: Farm_medium 0.06
:Water 0.03
7 Farm_low 0.05
;Veg,low 0.04
;Veg,low 0.04
;Veg,medium 0.055
;Veg,medium 0.055
;Veg,low 0.04
; Farm_dense 0.085
; Urban_blocked 0.13
; Farm_low 0.05

and in the pop-up menu select the option Open attribute table (Figure 16.4). [=ishou i Features,,
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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.

2. 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

() Layer Properties — SaltRiver_ManningsN — Fields

c BE@AE

- Id 4 Name Alias Type Type name Length Preqsnon Comment Config
=0 LUCode QString  String

1 ManningN| double __

@ Information

%, Diagrams
[ Fields

Attrl butes
= Form

Joins
Auxiliary
A Storage

® Actions

® Display
i ) . + Rendering
select the Fields tab as shown in Figure 16.5: [ | oK | can

3. Click on the Toggle Editing button

then change the N_Value field name by ManningN (Figure 16.6), and click on the Toggle Edit-

() Layer Properties — SaltRiver_ManningsN — Fields

Q VAL

@ information R ) Alias Type Typename  Length  Precision  Comment Configuration

J\:\‘ Source abc 0 LUCode Text (string) String '»
N - T T T -

€ Labels
(abcJVERS

W7 3D View

-
s Diagrams

{ 5 Fietds
ing button again, and save.

4. Copy the polygons of the shape file: select the SaltRiver_ManningsN layer in the Layers Panel.

.
5. With the selecttool we draw a rectangle that covers the entire layer:
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9.

@ *ManningsN_shapefile — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help

DEBRRY 0¢APRIPrR BabloR Bis &5 aE#z0 =
) B - «
T - b 3

. @

Layers
Vo Masva-zaa
v [l saltRiver_ManningsN
V! _| Domain Outline
V! _| Boundary Conditions
V! (8 MESH_SPATIAL_DATA
] Manning ¥
V! (8 COMPONENTS
V! (8 oUTPUT_CONTROL
V! (8 oUTPUT_RESULTS
v ¥ DEM
~ V| ¥ AerialsC
[ Band 1 (Red)
I Band 2 (Green)
I Bond 3 (Blue)

«

SHHSABNEN

Selecting all the polygons in the SaltRiver_ManningsN layer.

Copy the spatial elements by clicking on the Copy button of the digitization toolbar

Paste the spatial elements in the Manning N layer: select Manning N layer of the Layers Panel

and set it in edit mode by clicking on the Toggle Editing button

Click on the Paste Feature button U .

and a message will appear that indicates that features were successfully pasted.

- I_____I Paste features: 52 features were successfully pasted.

Click on the Toggle Editing button again

Confirm and save the changes made to the layer.
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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:

! 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 12.1 — 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.



Post-processing calculations

OilFlow2D 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 OilFlow2D project.

2. Create ObservationPoints, CrossSections and Profiles layers, and draw the output controls.
3. Generate the mesh.

4. Running the model.

5. Review outpuit 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.

13.1 Open an existing project

1. Open QGIS

2. On the 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 ft3/s and outflow condition set to Free outflow. When you open
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the project you will have an image of the project loaded in QGIS as shown in Figure 17.1.

Layers e

LR A AN 20"

v [ Domain Outline
MeshDensityLine

Vv [ Boundary Conditions

~ v @ MESH_SPATIAL_DATA

V| Manning N

Vv ® COMPONENTS

Vv # OUTPUT_CONTROL

v # OUTPUT_RESULTS

v ¥ DEM

SEOSMENBAS

ype to locate (. Coordinate 242814,94198 % Scale 1:2575 v | & Magnifier 100% % Rotation 0.0° |3V Render ®EPSG:2285 @

13.2 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 OilFlow2D toolbar click on the New Template Layer button

kS

2. In the plugin window activate the checkBox ObservationPoints, CrossSections and Profiles,
as shown in the Figure below:
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? 1 Add Layer Template X

°ou|=|osz

Add Template Layer to OilFlow Project

Components Mesh
Manning N Manning Nz
Initial WSE Bridges
MaximumErosionDepth Gates
Infiltration Culverts
RainEvap Weirs
Wind DamBreach

v/ | CrossSections Source/Sink

vV Profiles v/ ObservationPoints
Internal Rating Table Initial Concentrations
Piers Abutments
QilSpills Shoreline type
StormDrain Initial Bed Fractions
SpillBooms LandSlides
QilPipeLine OPLBoundaryConditions

(0],¢ 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:

A pencil will appear on the label of the layers, indicating that the layers are in edit mode:

a |[w] {1l OUTPUT_CONTROL

== CrossSections

=~ Profiles

#  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
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in the case of a point layer like ObservationPoints, the icon is

D m

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 17.3 and at the end of the drawing a similar image should

CrossSections - Feature Attributes ﬂ

XSECID | sectionl
ND_CS |10
CrossSections - Feature Attributes = |
XSECID | Section2.
ND_CS |15
CrossSections - Feature Attributes n

XSECID |section3

ND_CS |20

appear as shown in the following Figure 17.4.
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8. Save the polygon by clicking the Save button i and click on the Toggle Editing button

to deactivate Edit mode on the CrossSections layer.

9. Drawing the Profile: Select the Profile layer and activate the Add Feature button, we pro-
ceed 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
17.5. Once finished drawing, it should appear like the one shown in the following Figure 17.6.
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Profiles - Feature Attributes [ x|
PROFILEID |Profile1 ]
ND_PR |50 €|
oKk | cancel

10. To finalize the profile drawing, save the polygon by clicking the Save button E and click

11.

on Toggle Editing button to deactivate Edit mode on the Profile layer.

Drawing the observation points: Select the ObservationPoints layer, and activate the Add
Feature button, proceed to draw two observation points, the first between sections 1 and 2
and the second between sections 2 and 3. The identifier (ObsID) is assigned as Point1 and
Point2, respectively. The attribute tables will be as shown in Figure 17.7 and at the end of
the drawing you should have an image similar to the one shown in the following Figure 17.8.
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ObsID

Point2

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.

13.3 Generate the mesh

The mesh is generated with the Generate TriMesh button
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The resultis a mesh of approximately 9,000 cells, as shown in Figure 17.9.

13.3.1 Exporting files to OilFlow2D

Now that the mesh is generated and the other layers are ready with the necessary data, export the
files in the format required by OilFlow2D.

1. Click on the Export OilFlow2D button

e

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

Once the plugin is executed, a window will be shown (Figure 17.10), as it should be for our
Q.1 CilFlow2D X

°om=|osz

Export Files to QilFlow2D

Project Directory C:/Users/PC/Documents/RiverFlow2D_QGIS/ExampleProjects/OutControlTutorial
Project Name OutControl
DEM (Single Raster) DEM v

» Options

OK Cancel
example.

4. Once finished inputting the information, click the [OK] button to export the files to the model.

After export completes, version 10 and later users see the Open DIP dialog. QGIS DIP is
selected by default; click OK to open it inside QGIS. To use the historical standalone option, ex-

To run the simulation select the Data Input Program (DIP) to launch the 2D n

QGIS DIP
¥ More options
Classic DIP
Run both & compare
Both Classic & . In parallel and compar
Both Clas & Sequentially (one after the other

example_run

pand More options, select Classic DIP, and then click OK.

With QGIS DIP selected, the current interface is shown below:
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File Edit View
Control Data

~ Components Open .DAT Save .DAT

Open Boundary Condi.

~ Output
Graphic Output Options.
Profile Output
Cross Section Output
Observation Points
Tools

~ Options
Mode! Selection
License

~ Help

View Help

Version

@ E/Hydronial LC [Testing/v10.0

File Version 202103

¥ Time control data

Simulation time (hrs.) 2.0
Output interval (hrs.) |0.1
Output interval for components (hrs.) |0.01
Courant number (CFL) | 1.0

Hot start

> Computation control data

> Units

> Initial conditions

> Modules

> Components

¥ Output options

Automatic close of model windows
/| Output maximum files
Output hazard file
V| Output results for cross sections
/| Output results for profiles
V] Output results at observation points
Compute mass balance every output interval
Output window (®) Graphic () Console

Depth for arrival time calculation (ft) | 0.0000

» Model selection

> DIP Language

Open All Files Save Al Files

Run OilFlow2D. Exit www.hydronia.com

OutControlTt DAT

Expand Al Collapse All

About Hydronia OilFlow2D

QGIS DIP Control Data panel for the OutControl tutorial.

QGIS DIP and Classic DIP use the same project settings, but their interfaces look different.
Older standalone or non-maintenance versions may open Classic DIP automatically. The
project-specific Classic DIP settings and Run steps below are retained.

Once it is finished, OilFlow2D will be loaded with the ‘base.DAT’ file.

13.4 Running the Model

After exporting the files, OilFlow2D opens with the project file of the ‘OutControl.DAT’ sample and
shows the Control Data panel to it as illustrated in Figure 17.11. The following Classic DIP Control
Data panel is retained as a legacy values reference:

o‘, Hydronia Data Input Program - C:\Users\PC\Documents\RiverFlow2D_QGIS\ExampleProjects\OutControlTutorialFina\OutControl -

Control Data Control Data
&) Modues
ge;’:‘“e:; ’E"”‘:‘ T Time control data Modues Output options
olitart Transpor Open " - &
Mud/Taiings Fow Semudation time s ): |2 1% :T:::TTWSPT s g: ::: . Lv‘;"d O Atomatic close of model windows
0il Spil on Land Save DAT : ranspot O on Water e -
Oil Spill on Water Outputinterval frs): 0.1 O Mud/Taiings low () Water Quaity 8 Output maximum fes
Plastic/Paricle Transpor Ouputintenal O Pastic/Paticle Transport  © None O Output hozard e
WawGnly for componerts fvs) e D @ Output resus or cross sectons
L Comporerts Companents @ Output resuls for profles
Rairfall/Evaporation Courant number (CFL): 1 () Rainfall/Evaporation () Weirs @ Output resuits at observation points
Culverts . A
() Hot start () Bridge piers O Wind 0O Compute mass balance every
e O Cuverts () Bidges output interval
Open Boundary Conditor O oe oot oo
Sources and Sinks Cor [ Intemal rating tables  |_J Gates or amival <
ymputation control data = 0.0000 |2
Weis () Dam Breach () nfitraion time calcudation )
Intemal Rating Tables et ! () Souves/Srks () Biidge scour
Wind [0 Mannings n variable with depth Muiplo Sousces bach s Intial conditions
Bidges Minimum depth for cry bed: -1
Gates —_— . = © Dry bed
Netric lish -~
m:';’;ﬂu . Model Selection 0 s O Read intial water elevs.from FED fie
Dam Breach O Riverflow2D GPU DIP Language:  Engish v O Horzontal water suface elevation
5 Output © Riverflow2D CPU Parallel computation =
Graphic Output Options
Profile Output Data file origin: GGIS Number of cores:
Cross Section Output 4 v
Observation Points
Tools
Open AllFles  Save AlFies = Run Riverlow2D Bt © ebdonscon About Hydronia RiverFlow2D

Figure 13.1 — Legacy Classic DIP Control Data panel.
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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 OilFlow2D button. The window that OilFlow2D presents while run-
ning the model shows: simulation time information, volume conservation error, total discharge of in-

F RiverFlow2D Plus (Build: Mar 9 2023)

Simulation Status 44.95

Info Simulat

Progress

flow in and outflow, as well as other parameters as execution progresses (Figure 17.12).

13.5 Review the output files

OilFlow2D 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 17.13 shows an extract of the ‘OutControl.xsece’ file with results at the cross sections:



13.5 Review the output files

176

RiverFlow2D
Build Mar

9 2023

TWO-DIMENSIONAL FINITE VOLUME RIVER DYNAMICS
(R) TRADEMARK 2009-2022 Hydronia,

CROSS SECTION RESULTS IN ENGLISH UNITS

TIME: @000 days, 00 hours, @@ min.,00 secs.

CROSS SECTION NO.:

(
ELEM

6351
587
359

2325

1551
293

6321

4106

1836

1597

3138
809

95

4592

2008

6910

1814

1411

2062
356

3167

6739

Q=

CROSS

(
ELEM

7097
6346
6157
121
184
2632
2968
4400
682

243444 .89,

STAT
(ft

13.
23.
35,
41,
57.
67.
72.
80.
90.
94,
102.
106.
110.
124,
130.
139.
143,
149.
159.
165.
175.
185.
-9.000 cfs.

SECTION NO.:

243995.16,

STAT
(ft

19.
23.
27.
35.
39.
47.
51.
55.
59.

ION
)

8@
66
49
41
18
04
95
84
70
64
53
a7
42
22
13
99
94
85
71
62
48
34

ION
)

82
78
75
67
64
56
53
49
46

1 CROSS SECTION ID: XSEC_1

94253.80), (

BEDEL

(ft)
5.

49.
49.
49,
49,
49,
48.
48.
48.
49.
49.
49,
5e.
51.
51.
51.
51.
52.
52.
52.
52.
52.

2 CROSS SECTION ID: XSEC_2

DEPTH

(ft)

00PN

93802.76), (

BEDEL

(ft)
54,
54.
51.
48,
46.
46.
45,
46.
46.

=12}
22
32
75
82
00
98
02
51

DEPTH

(ft)
Q.

00

©0.00

OO0 ®

.00
.00
.00
.00

00
00

.00

MODEL
LLC.
ALL RIGHTS RESERVED
RUN DATE: 27/Mar/2023
243571.18, 94402.64)
WSEL VELOCITY FROUDE
(ft) (ft/s)
50.16 0.00 0.00
49.49 0.00 .00
49,52 0.00 0.00
49.33 0.00 0.00
49.22 0.00 .00
49.10 0.00 0.00
48.87 .00 .00
48.82 0.00 0.00
48.70 0.00 0.00
49.04 0.00 0.00
49.23 0.00 .00
49.85 0.00 .00
50.70 0.00 .00
51.52 0.00 0.00
51.58 0.00 0.00
51.70 0.00 .00
51.98 0.00 0.00
52.02 0.00 .00
52.13 0.00 .00
52.07 0.00 .00
52.21 0.00 .00
52.39 0.00 0.00
243602.76, 93800.51)
WSEL VELOCITY FROUDE
(ft) (ft/s)
54.90 0.00 0.00
54.22 0.00 .00
51.32 0.00 0.00
48.75 .00 .00
46.82 0.00 .00
46.00 0.00 0.00
45.98 0.00 .00
46.02 0.00 0.00
46.51 0.00 .00

Qs

(ft2/s)

0.
.000000
.000000
. 000000
.000000
.000000
.000000
.peoeee
. 000000
.000000
.000000
.000000
.090000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

OO

000000

Qs

(ft2/s)

0.
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000
. 000000

DO ®

000000

Figure 17.14 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 MODEL
(R) TRADEMARK 2009-2022 Hydronia, LLC.
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 FROUDE
(ft) (ft) (ft) (ft) (ft/s)
6406 0.00 48.55 15.61 64.17 0.00 0.00
4446 15.34 48.69 0.00 48.69 0.00 0.00
3736 30.68 48.61 0.00 48.61 0.00 0.00
1927 46.02 48.56 0.00 48.56 0.00 0.00
2357 61.36 48.76 @.00 48.76 0.00 0.00
1836 76.69 48.706 6.00 48.70 0.00 0.00
8006 92.03 48.82 @.00 48.82 0.00 0.00
6142 107.37 48.81 6.00 48.81 0.00 .00
80 122.71 48.78 @.00 48.78 0.00 0.00
1878 138.05 48.69 0.00 48.69 0.00 0.00
1622 153.39 48.63 0.00 48.63 0.00 0.00
978 168.73 48.65 6.00 48.65 0.00 0.00
6342 184.07 48.71 0.00 48.71 0.00 0.00
5985 199.41 48.76 @.00 48.76 0.00 0.00
843 214.74 48.78 e.00 48.78 0.00 0.00
6360 230.08 48.89 0.00 48.89 0.00 0.00
575 245.42 48.92 e.e0 48.92 0.00 0.00
4957 260.76 49.01 6.00 49.01 6.00 0.00
4201 276.10 49.02 0.00 49.02 0.00 0.00
2430 291.76 48.84 0.00 48.84 0.00 0.00
734 307.41 48.79 0.00 48.79 0.00 0.00
3495 323.07 48.91 0.00 48.91 0.00 0.00
6854 338.72 49.05 0.00 49.05 0.00 0.00
6256 354.38 49.03 @.00 49.03 ©.00 0.00
3401 370.03 48.65 0.00 48.65 0.00 0.00
3600 385.69 48.45 @.00 48.45 0.00 0.00
5619 401.34 48.52 e.e0 48.52 0.00 0.00
3586 417.00 48.77 0.00 48.77 0.00 0.00
822 432.66 48.39 ©.00 48.39 0.00 0.00
4197 448.31 48.17 6.00 48.17 0.00 0.00
51ee 463.97 48.00 0.00 48.00 0.00 0.00
194 479.62 47.93 @.00 47.93 0.00 0.00
3785 495.28 47.54 0.00 47.54 0.00 0.00
4267 510.93 46.81 @.00 46.81 0.00 0.00
7358 526.59 46.52 0.00 46.52 0.00 0.00
2123 540.71 46.84 68.00 46.84 0.00 0.00
8723 554,84 46.76 0.00 46.76 0.00 0.00
4474 568.96 47.17 0.00 47.17 0.00 0.00
5572 583.08 45.98 6.00 45.98 0.00 0.00
6970 597.21 46.20 @.00 46.20 0.00 0.00
2493 611.33 46.19 0.00 46.19 0.00 0.00

Figure 17.15 shows an extract of the ‘RESvsT_Point1.oute’ file with the report of the results of the ob-
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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
RESULTS FOR CELL: 840 OBSERVATION POINT ID: Point2
LOCATED AT COORDINATE: ( 243832.78), ( 93473.50)

TIME u Vv VELOCITY DEPTH WSEL BEDEL_ORI BEDEL DELTA_BED FROUDE QsX
(hours) (ft/s) (ft/s)  (ft/s) (ft) (ft) (ft) (ft) (ft) ) (ft2/s)
0.10000 -2.897 -7.137 7.703 4.806 52.126 47.319 47.319 0.000 0.619 0.000 o
0.20000 -2.736 -6.929 7.450 5.019 52.338 47.319 47.319 0.000 0.586 ©.000 0
0.30000 -2.720 -6.901 7.418 5.035 52.355 47.319 47.319 0.000 0.583 ©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
0.50000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 ©0.000 2]
0.60000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
0.70000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 ]
0.80000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 ©.000 ]
0.90000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
1.00000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
1.10000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
1.20000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
1.30000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
1.40000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
1.50000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
1.60000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
1.70000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
1.80000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 ©0.000 2]
1.90000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 0.000 0
2.00000 -2.718 -6.898 7.414 5.038 52.357 47.319 47.319 0.000 0.582 ©0.000 2]

servation point Point1:

QsY
(ft2/s)
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

PCOPOPPPPOOOPOPOOOOO®®

S
(ft2/s)
000

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
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Advanced digitization/snapping

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 14.1 — 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

179
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polygons. The procedure includes the following steps:
1. Open an existing OilFlow2D 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.

14.1 Open an existing project

1. Open QGIS

2. In the main menu go to Project > Open... and browse to the existing project: ‘SnappingTuto-

rial.qgz’.

This project contains the basic templates of a OilFlow2D 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.

o) QGIS 2.18.6 - SnappingTutorial - B

Project Edit View Layer Settings FPlugins Vector Raster Database Web MMQGIS Processing Help

NeEERRHO 2L RAPPARMBIN| @& 5-&-

csw a)‘ ;‘Q-ﬁ‘ & | Fe __:D:g ﬁ £ B E l&@ Q = ?
VXA NI Y
Layers Panel g X

o 0 ® T e -0
D Domain Outline

— MeshDensityLine

|| Boundary conditions
4 ] [0 MESH_SPATIAL_DATA

: Manning N

[l coMPoNENTS

¥ [ outRUT_conTROL

¥ @ outPUT RESLLTS

' Manning Map n

F

q

S|

o

q

SEXPSOHSANAS
[

o
e

4

®

Rt 8

Layers Panel Browser Panel

Coordinate 724369,1164278 % Scale | 1:19,628 w ﬂ Magnifier | 100% %+ Rotation 0.0 =] [¥] Render @EPSG:ZZOZ

Figure 14.2 — Project screen loaded in QGIS.
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14.2 Activate and configure the Snapping tool

To use the Snapping tool, you must activate it beforehand:

1. Open the configuration options window: In the Project menu, select Snapping Options...

@ All Layers Vertex 12 px

7~ Topological Editing C{?Allow Overlap _ Snapping on Intersection Self-snapping

Project Snapping Settings window.

2. In the Project Snapping Settings window, click on the Enable Snapping button.

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

-]
|| % 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 not set not set

|| Boundary Conditions  Vertex 12 pixels not set not set
~ [v| (@] MESH_SPATIAL_DATA

v | Manning N Vertex 12

pixels. v not set not set

Q Filter layers

Figure 14.3 — Snapping configuration panel.

14.3 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 digitization toolbar click on the Toggle Editing button

/
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A pencil icon will appear in the Manning N layer indicating that the layer is in edit mode:

4 [ [l MESH_SPATIAL_DATA

3. Draw the polygon that demarcates the Manning’s n area: Using the Add Toggle Editing button
in the digitization toolbar

)

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:

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:
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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:

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:
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Preliminary draw of the third polygon.

8. After finishing the drawing and assigning the Manning N umber to the polygon, the final drawing
of the third polygon will be shown as shown below:

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:
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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:

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:
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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:

Final draw of the fifth polygon.

13. To finish, click on the Toggle Editing button

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:
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Layers Panel F X
o« fl®TE&E-BAL
D Domain Outline

— MeshDensityLine
Boundary Conditions
[l MESH_SPATIAL_DATA

: Manning N

(il componeNTS

[l oUTPUT_CONTROL

[l oUTPUT_RESLLTS

F Manning_Map_n

4

OREA

Final draw of the Manning N layer.

14.4 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:

1. The Manning N layer is edited using the Toggle Editing 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).
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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.

5. Finally, the changes are saved and the editing mode of the layer is deactivated by clicking on
the Toggle Editing button.

This concludes the Snapping tutorial.



15

Creating raster elevations from X 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.

OilFlow2D uses elevation data in raster format. For instance, 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:

=

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.

189
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E  HohDTM_points METRIC.txt X

File Edit View

KyYsZ
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
PLELYER .62613,49.219104

Figure 15.1 — 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:

%

2. Open the elevations file: Click the Browse [...] button and go to

‘\ExampleProjects\InterpolatingRasterTutoria\base\HohDTM_points_xyz.txt".
3. Under File format, Comma Separated Values should be selected.

4. Under Record and Fields Options the checkboxes First row contains field names should be
selected.

5. Under Geometry Definition, click on the Z field dropdown and select z.

6. The Geometry CRS dropdown should be set to Project CRS: EPSG:2229.

The dialog should look like the following figure:



191 Creating raster elevations from X Y Z data sets

Q@ Data Source Manager | Delimited Text u] X

File name | E:\’ i D' i T alFi | DTM_points_METRIC. txt I a ‘
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e V. First record has field names Trim fields
+ GPS
V' Detect field types Discard empty fields

7 + St Custom boolean literals

PostgreSQL True | False

*

' M5 SQL server
w Geometry Definition

Oracle

L]
M Virtual Layer
AP HANA

g SAP HAN

=
@ WMS/WMTS

 WFS / OGC API -
4 Features

(®) Point coordinates Xfield | x - Iz field |z - I

Y field v | M field >
() Well known text (WKT) e ©

DMS coordinates.

@ oyt CRSI ProE‘ CRS: EPSG:2229 - NADS3 / California zone 5 ({tUS) -1e

'w Layer Settings

Use spatial index Use subset index Watch file
WCs
'+
Sample Data
XYz
* -
£es e | L :
mmry, Vector Tile 1.2 Decimal (double) ~ | 1.2 Decimal (double) ~ | 1.2 Decimal (double) ~
- 1 | 2433644297 93288.26758 48.768
By Scene 2 |243382.2178 9333655399 49,3776
£ ArcGIS REST 3 |243384.1564 93243.08402 48.768
@ server 4 |243386.3692 93291.82764 49,0728
5 |243388.0944 94363.76962 49.725072
Metadata Scarch [FPYEFFEYEP 94368.40867 49.228248
7 |243398.7532 94371.9413 49.066704
8 |243399.8017 93352.17194 49.6824 =
Close Add Help

Dialog to create a layer from delimited data text file.

7. 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.

Layers = &
CIECR AURE: - g

v D Domain Outline

v D Boundary Conditions
v L_I'jﬂ MESH_SPATIAL DATA

v D Manning N

v [l COMPONENTS

v |_Ijﬂ OUTPUT_CONTROL

v |_Ijﬂ OUTPUT_RESULTS

HohDTM points METRIC
1® Zoom to Layer(s)

How to zoom a layer.

8. The points should appear in the project window:
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(@ *InterpolatingRaster — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
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Layers ®

Vo “BeTE&E-FAL
'ﬂ V' || Domain outline
v [ ] Boundary Conditions

E(‘} v V| [0 MESH_SPATIAL_DATA
9 V| | Manning N

e V| (1 coMPONENTS
f v/ [ QUTPUT_CONTROL

o V| [ OUTPUT_RESULTS
V| ® HohDTM points METRIC
@ -
Voo

Layer of points created from delimited data file.

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+AI+T

*fgﬂr Model Designer... Ctri+-Alt+G

() History... Ctrl-+Alt+H

@ Results Viewer Ctrl+Alt+R
1 Edit Features In-Place

Opening the Processing Toolbox.
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Processing Toolbox =) %
#xﬁ- 13_ Y E <=
interpolation
» (L) Recently used
> (. Interpolation
Heatmap (Kernel Density Estimation)
51 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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QTN 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

Con [ o ][ 1w

Once the process is completed, the raster resulting from the interpolation will be displayed on the
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Layers a®
JaewTvi-BAO
~ v ¥ DEM HOH
Ganc 1
sase

I 45169753

V| HohDTM_points_METRIC
V|| Domain Outline
V' Boundary Conditions.
~ V| (I MESH_SPATIAL DATA
Manning N
V! [ COMPONENTS.
V! (I outeuT_conTROL
V! [V ouTeuT ResuLTS

screen, by default it is rendered in gray gradient as shown in Figure 19.8.

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
Render type | Singleband pseudocolor +
Band Band 1

Min 45.169753 Max 59.5377739999999989

Interpolation Lincar

e EC
st w076

5235376349,

55.94576874.

e B

Mode | Continuous ¥ Classes | 5
Classify & = =B Legend Settings.
Ciip out of range values

v Layer Rendering

Blending mode | Normal =

Brightness ~ Com— e [ 3| Contrast ee— e g Fl

Gamma -_——— (10 2| Saturation e— e o [¢

Invert colors Grayscale | Off

Hue Colorize | strength ) [100%

v Resampling

Zoomed: in | Nearest Neighbour  ~ | out | Nearest Neighbour  ~ | Oversampling [2.00 €1 || | Early resampling

sl - o || cnel oy ey

Figure 15.2 — 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
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Figure 15.3 — 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.



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 QilFlow2D or OilFlow2D simulations that can leverage GPU acceleration,

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.

16.1 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.
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3.

4.

Enable the Compute Engine API for your project. This can be done from the APIs & Services
dashboard in the Google Cloud Console.

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.

16.1.1 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.

16.

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.

2 Creating the VM Instance

. 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.
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16.3 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.

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.
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& Create aninstance <+ Create VM from...

G =clin=leontiguiation Machine configuration

, us-central1 Name *
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Enable Virtual Workstation (NVIDIA GRID)

Series @ Description vCPUs @ Memory @ CPU Platform
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Machine type
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Preset | Custom

Creating a custom machine incurs additional costs
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3.75 624

- 32 GB ‘

Extend Memory (@

Figure 16.1 — Configuring the machine with a custom N1 type, 4 vCPUs, 32 GB of memory, and one
NVIDIA V100 GPU.

16.4 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.

16.5 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
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[ ] 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
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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.

16.6 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.



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 OilFlow2D results.

Note

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
OilFlow2D model needs to generate during runtime the ‘.vtk’ files using the Create graphic output
files option in the Hydronia Data Input Program Graphic Output Options panel.

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

17.1 Paraview basics

After loading Paraview, the following components can be identified in the main window (see Figure
21.1):
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‘ece Paraview 581
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Pipeline /.: o

Browser
-
Variable selector
Toolbar /'oo e
Properties and
Information tab o Render View Layout
= Properties
= Display
C W
Orientation Axes Visibility
e
Figure 17.1 — Main Paraview window.
]
[ ]
[ ]
[ ]
[ ]
To open the tutorial example group file, click in the Menu bar and double-click

the file group ‘BridgeTutorial..vtk’ in the ‘ParaviewTutorial’ 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 = [[] @

— 0.0e+00

Figure 17.2 — View after opening the 'BridgeTutorial..vtk" file.
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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 17.3 — 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:

Layout#1 x +
NIRRAINL Rtiad) . S

> Renderview1 [[1 H [ @

— 0.0e+00

Figure 17.4 — 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.

17.2 Two-dimensional (2D) visualizations

17.2.1 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:
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Figure 17.5 — Variable selector.

The representation of the bed elevation z will look like this:

4. > Renderview1 [[1| = |[[] @

Figure 17.6 — 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.
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Figure 17.8 — Bed elevation z representation.

17.2.2 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:
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@ Color Map Editor
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Figure 17.9 — XRay Color Map.

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  Green: 85 |l

Val: 255 | Blue: 255

Add to Custom Colors HTML: #0055ff

Cancel

Figure 17.10 — White-to-blue color map.

The Mapping Data will look as follows:
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Figure 17.11 — White-to-blue color map.

(@]

Set the Time = 20 and the result should look as follows:

Layout#1 x +

. (B 2> RenderView1 @@

0 @ Output Messages

Figure 17.12 — 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:
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— 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.

Figure 17.13 — Velocity vector field on water depth.
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Figure 17.14 — Velocity vector field detail.

In order to save the Paraview project, select File/Save State. This will save a ‘.pvsm’ file.

17.3 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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Layout#1  x |3 (]} Color Map Editor

' 4. > RenderViewl E\EHE

Search ... (use Esc to clear text) (eI~

Array Name: z
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Rescale Range Grow and update on 'Apply"
Mode

Interpret Values As Categories
Rescale On Visibility Change
Annotations

Value Annotation

»|[@|[a 1]+

Enable opacity mapping for surfaces

— 1.6e+02

Mapping Data
— 150
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Figure 17.15 — 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.

o @ Pipeline Browser
B buitin:
@ i BridgeTutorial*
= ‘ CellDatatoPointDatal

Q @ Properties
% Delete ?
Search ... (use Esc to clear text) 3
== Properties (CellDa =l

Cell Data to Point Data filter.

« 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:
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. 4. > RenderView1 ‘EE“QH&

o @ 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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Pipeline Browser

2 &

ﬁ builtin:
e ﬁ BridgeTutorial*
(= d CellDatatoPointData1
@ ‘ WarpByScalar1

\

g o

"’ @ \ Properties

& Apply @ Reset % Delete ?

Search ... (use Esc to clear text)

== Properties (WarpByScalar1) El]

Sealars

Scale Factor

Normal 0 0

Wrap By Scalar filter.

» Switch from 2D to 3D visualization in the Layout Render view to manipulate the project in 3D.
+

ol ;_fﬁ!;\'ﬁl

- ALy @

< 2 RenderView1

n|B|E|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

7 h

7 h+z

¢7 localCFL
¥ moduU
77 velocity
7z

Coloring parameter.

a2 Edit

» The Solid Color can be customized clicking the Edit color map icon

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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Layout#1 x +

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 17.16 — Viewpoint Toolbar.

The following image was generated using an alternative view point.
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3> RenderView1 E”E

Figure 17.17 — Alternative 3D bed elevation representation.

To return to prearranged views use the Camera control toolbar.

AP BAC P

Figure 17.18 — Camera 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.

17.3.1 Create a 3D water elevation graphic adding a (h+z) layer

Follow the following steps to create the (h+2z) 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.

Time: 3 3

» Selectatime # 0in the Time control toolbar, e.g.

» Configure the Properties panel as follows:

— Scalars = (h+2)

— Scale factor = 25 (very important)

v (ma
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« Click the Apply button. Check that h is in the Variable selector.

* Click and choose the Rainbow Desaturated color map, then Apply/Close.

The resulting Render view should look similar to:

Layout #1 x +

@ i

> Renderview1 [[] = [ @

Figure 17.19 — 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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.
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Figure 17.20 — 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:

Layout #1 x +
YISy e R
W 8D o)

> RenderView1 E E‘ ﬁ‘ E‘

0.0e+00

Figure 17.21 — Three dimensional water depth h representation.

17.3.2 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:
@ BridgeTutorial_gpu_*
[ tlj CellDatatoPointData1
@ - WarpByScalar1
@ WarpByScalar2
@ Q‘J Threshold1
C 2 ﬁ Glyph1

D @ Properties
W @ Reset % Delete ?
Search ... (use Esc to clear text)

== Properties (Glyph1) =]

Glyph Source

Glyph Type | 2D Glyph

Orientation

Orientation Array velocity

Scale

Scale Factor < 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 17.22 — 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 File/Load State and select a ‘.pvsm’ file.

17.4 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:

) Save Animation Options

[search ... (use Esc to clear text)

Size and Scaling
Image Resolution 1504 X 1050

Font Scaling Scale fonts proportionally
Coloring
Override Color
Palette

Stereo Mode

No change

No change
Transparent Background

File Options

Format

Compression

Quality 5 (st quality, larger file)

Animation Options

Frame Rate 1

Frame Window o "

e el X Cancel

Figure 17.23 — Animation.

o

<>

o

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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17.5 Streamlines 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

Ba Edit

on and select a color.

The next figure shows how the StreamLines look:
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Q6 Output Messages

Figure 17.24 — 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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