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1 Introduction

The basic features of BOUSS-2D were discussed in the “Creating a Cell-Centered
Grid” and “BOUSS-2D” tutorials. BOUSS-2D also allows for taking into account the
ocean floor roughness and for placing probes at various depths to visualize the water
surface elevation, pressure, and velocities time series at that specific point on the grid.

The data used for this tutorial includes images, bathymetry data, and coastline data for
Kalaeloa Barbers Point Harbor, located on the southwest corner of the island of Oahu,
Hawaii.

2 Getting Started

The cell-centered grid used for this tutorial was previously created. Open the
background data for this project by doing the following:

1. If necessary, launch SMS.

2. If SMS is already running, select File | New to ensure that the program settings
are restored to their default state.

3. If asked to save changes, click Don’t Save to close the dialog and restore SMS
to a default state.

4. Select File | Open... to bring up the Open dialog.
5. Browse to the data files folder for this tutorial and select “BarbersPoint.sms”.
6. Click Open to import the project and exit the Open dialog.

The project should appear similar to Figure 1. For more information on how the grid
was generated, see the “Creating a Cell-Centered Grid” tutorial.

Page 2 of 13 © Aquaveo 2026



SMS Tutorials BOUSS-2D Advanced

Figure 1 |Initial project

2.1 Saving the Project with a New Name

Before continuing, it is best to save the project under a new name in order to preserve
the starting project for future use.

1. Select File | Save As... to bring up a Save As dialog.

2. Enter the File name “BarbersPoint_roughness.sms” and click Save to close the
Save As dialog.

3 Creating the Roughness Coverage

There are two ways to create the Roughness coverage: create a new coverage from

scratch or duplicate an existing coverage. By duplicating the @ Area Property”
coverage, the existing coastline arc can be used as a base to create the roughness
polygons.

3.1 Creating the New Coverage

Create the coverage by doing the following:

1. Right-click on @ Area Property” and select Duplicate to create a new @
Area Property (2)” coverage.

Right-click on @ Area Property (2)” and select Rename.

Enter “Roughness” and press Enter to set the new name.

4. Right-click on Q Roughness” and select Type | Models | BOUSS-2D |
Roughness.

5. Click OK when warned about grid frames being deleted.
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3.2  Creating the Roughness Area Arcs

Now that the coverage has been created, finish creating the arcs needed for the
roughness polygons by doing the following:

1. Select 6 Roughness” to make it active.

2. Using the Create Feature Arc f" tool, click out the borders for sections 1, 2, and
5, connecting them to the existing coastline arc as shown in Figure 2.

3. Using the Create Feature Arc f’ tool, create the outside border for section 3,
connecting it to the existing coastline arc as shown in Figure 2.

4. Select Feature Object | Build Polygons.
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Figure 2 Polygons

3.3  Deleting the Coastline Arc

The coastline arc outside of the grid is not needed, so delete it by doing the following:
1. Frame @ the project.

2. Using the Select Feature Arc ﬂ' tool while holding down the Shift key, select
the four coastline arcs outside of the roughness polygons and press Delete.

3. Click Yes when asked to confirm the deletion.

4. Frame @ the project.

3.4  Setting the Chézy Coefficients

Now to set the Chézy coefficient for each polygon:

1. Using the Select Feature Polygon F_EI tool, double-click on polygon 1 (as
indicated in Figure 2) to bring up the Roughness dialog.
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2. Enter “60.0” as the Chézy coefficient and click OK to close the Roughness
dialog.
3. Repeat step 1-2 for polygon 2, entering “30.0” as the Chézy coefficient.
4. Repeat step 1-2 for polygon 3, entering “25.0” as the Chézy coefficient.
5. Repeat step 1-2 for polygon 4, entering “40.0” as the Chézy coefficient.
6. Repeat step 1-2 for polygon 5, entering “30.0” as the Chézy coefficient.
4 Creating a New Grid
As with coverages, there are multiple ways to create a new 2D grid. In this case,
duplicate the existing grid to save time.
1. Right-click on E 10m Grid” and select Duplicate to create a new E 10m Grid
(copy)” grid.
2. Right-click on E 10m Grid (copy)” and select Rename.
Enter “10m Grid Roughness” and press Enter to set the new name.
4. Select E 10m Grid Roughness” to make it active.
4.1  Converting the Roughness Coverage
Now that the new grid has been created, create a Roughness dataset under it by
converting the roughness coverage.
1. Right-click @ Roughness” and select Convert | Map — Active Grid to bring up
the Map — Active Grid dialog.
2. Enter “30.0” as the Default Value.
Enter “Roughness” as the Dataset Name.
Click OK to close the Map — Active Grid dialog.
A new “E4 Roughness” dataset should appear under E 10m Grid Roughness” in the
Project Explorer.
5 Creating a New Simulation

Instead of using the existing simulation, it is recommended to create a new simulation
in order to model the area while retaining the ability to compare the results of multiple
simulations. This allows differences to be easily compared for evaluation.

1.

o > wbN

Right-click on “L® BarbersPoint” in the Project Explorer and select Duplicate to
create a new “L® BarbersPoint (2)” simulation.

Right-click on “L®& BarbersPoint (2)” and select Rename.

Enter “BP_roughness” and press Enter to set the new name.
Right-click on “t‘i 10m Grid” under “.® BP_roughness” and select Remove.

Drag E 10m Grid Roughness” under “.® BP_roughness”.
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The new coverage, grid, and simulation have been created. Now to save the project
before proceeding:

6. Click Save Project E

6 Running the Simulation

The final step before running a simulation is to export the files for BOUSS-2D by doing
the following:

1. Right-click on “.® BP_roughness” and select Export BOUSS-2D.

2. Right-click on “.® BP_roughness” and select Run BOUSS-2D to bring up the
BOUSS-2D model wrapper dialog.

3. If a Model Checker dialog appears with a warning that the selected run time is
longer than the recommended time, click Run Model to exit the Model Checker
dialog.

If using a standard installation of SMS, the model should launch immediately. If SMS
cannot find the BOUSS-2D executable, a message will be displayed asking to locate
the desired executable.

Depending on the speed of the computer being used, the model run may take several
minutes to complete. An estimate of the remaining time will be displayed in the
BOUSS-2D model wrapper dialog. The model run time increases or decreases linearly
based on the number of computational cells.

4. When the model run finishes, turn on Load solution and click Exit to close the
BOUSS-2D dialog and bring up the Select Tree Item for Datasets dialog.

5. If the Dataset Time Information dialog appears, choose to use seconds for all
datasets and click OK to exit the Dataset Time Information dialog and bring up
the Select Tree Item for Datasets dialog.

6. Select E 10m Grid Roughness” from the tree list and click OK to close the
Select Tree Item for Datasets dialog.

A set of scalar and vector datasets should appear in a <1 bp_roughness” folder under
E 10m Grid Roughness” in the Project Explorer.

7 Visualizing Simulation Results

The model run created eight solution datasets that include spatially varying results at
the grid nodes. Six of these are scalar datasets:

e Breaking Animation (wave breaking animation)

e Mean Water Level

e Mean Wave Direction

e Sig. Wave Height (significant wave height)

¢ Velocity Animation Mag (velocity magnitude animation)
¢ WSE Animation (water surface elevation animation)

The other two are vector datasets:
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71

Mean Velocity

Velocity Animation

BOUSS-2D can save these results in two ways: in multiple separate files, or in a single
binary file (HDF5 format). In this case, BOUSS-2D created the file
“bp_roughness_sol.h5” at the end of the run. SMS creates a folder in the Project
Explorer containing all of the datasets (in this case, “BP_roughness”).

Displaying a Functional Surface

To display a functional surface of the water, do the following:

1.
2.
3.

10.

11.

12.
13.

14.
15.
16.

Select Display | Display Options... to open the Display Options dialog.
Select Cartesian Grid from the list on the left.

On the Cartesian Grid tab, turn off Cells and turn on Contours and Functional
surface.

Click Options... under the Functional surface option to bring up the Functional
Surface Options dialog.

In the Data Set section, select User defined dataset to bring up the Select
Dataset dialog.

Select “WSE Animation” from the list of datasets.
Click Select to close the Select Dataset dialog.

In the Z Offset section, select “Display surface above geometry” from the drop-
down.

In the Z Magnification section, turn on Override global value and enter “30.0” as
the Magnification value.

In the Display Attributes section, select Use solid color and click the larger Color
button to bring up the Color dialog.

Select cyan on the top row under Basic colors (fifth box from the left) and click
OK to close the Color dialog.

Click OK to close the Functional Surface Options dialog.

On the Contours tab, in the Contour method section, select “Color Fill” from the
first drop-down.

Select “General” from the list on the left.
On the General tab, turn off “Auto z-mag” in the Drawing Options section.

Enter “20.0” as the Z magnification.

This amplifies the variation in the Z-direction due to the very small wave heights
compared to the size of the domain.

17.
18.
19.

On the Lighting tab, turn on Enable lights.
Turn on Smooth edges in the Surface attributes for all lights section.

Click and drag the sphere until the dot is as shown in Figure 3. This gives good
lighting contrast for the 3D view. If the dot is red, it is on the other side of the
sphere and will need to be further dragged to be on the correct side of the
sphere.
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Figure 3  Lighting tab showing lighting direction

20. On the View tab, select View angle and enter “40.0” (degrees) as the Bearing
and “25.0” (degrees) as the Dip.

21. Click OK to close the Display Options dialog.

22. Select the ﬁ Elevation” dataset under E 10m Grid Roughness” in the Project
Explorer to show the contour on the bottom of the ocean.

23. Step through the solution time steps to see the changes in the surface.

The system may take several minutes to update the display, depending on the
capabilities of the computer. Figure 4 shows this functional surface of the water surface
over the bathymetric surface. The contour colors may vary. In this case, the contours

are set to display a hue ramp with blue at the maximum end and the depth function
active.
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Figure 4  Water level functional surface over the bathymetry (magnified 20x)

All of the standard visualization methods described in the “Data Visualization” tutorial
also work for the solutions generated by BOUSS-2D. Feel free to experiment with other
options to view the solution.

8 Adding Probes

8.1

Probes can be added to the already existing Cartesian grid in order to visualize the
water surface elevation, pressure and velocities time series at that specific point on the
grid. This can be useful to see the differences in water surface elevation for different
parts of the grid.

Creating a New Simulation

8.2

Before adding the probes, it is recommended to create a second simulation in the
project. This way the original simulation is saved and can be compared to the new
simulation.

1. Right-click @ BP_roughness” and select Duplicate.
2. Right-click on @ BP_roughness (2)” and select Rename.

3. Enter “BP_probes” and press Enter to set the new name.

Adding Probes

Now add the probes to the grid by doing the following:
1. Select i 10m Grid Roughness” in the Project Explorer.
2. Select @ Elevation” under i 10m Grid Roughness”.
3. Switch to Plan View .
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10.

11.
12.
13.
14.
15.

16.

17.
18.

Using the Select Grid Cell it tool, hold down the Shift key and select three cells
in roughly the same position as those shown in Figure 5.

Right-click “.® BP_probes” and select Probe Manager... to bring up the
BOUSS-2D Probe Manager dialog.

Click Create Probes at Selected Cells to create a probe at each of the selected
cells.

Turn on WSE for all three probes.
Turn on Pressure for all three probes.

Click Options... to the right of the Pressure column for “Probe #1” to bring up the
Pressure Probe Options dialog.

Enter “1.0” in the Elevation above Seabed (m) column and press Enter to create
a new blank line.

Enter “5.0” on the new blank line and press Enter.
Click OK to close the Pressure Probe Options dialog.
Repeat steps 9—12 for “Probe #2” and “Probe #3”.
Turn on Velocity for the three probes.

Click Options... to the right of the Velocity column for “Probe #1” to open the UV
Probe Options dialog.

Enter “2.0” in the Elevation above Seabed (m) column and press Enter to create
a new blank line.

Enter “6.0” in the Elevation above Seabed (m) column and press Enter.
Click OK to close the UV Probe Options dialog.

This allows viewing of the velocity changes at 2.0 m and 6.0 m above sea level
throughout the simulation run.

19.
20.

Repeat steps 15—-18 for “Probe #2” and “Probe #3”.
Click OK to exit the BOUSS-2D Probe Manager dialog.
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8.3

Probe 3
| |

Probe 2

Probe 1

Figure 5  Probe positions

Changing Display

8.4

The probes might not be easily visible at this point if the scatter set and Contours are
turned on.

1.

I T

7.
8.

Select Display | Display Options... to bring up the Display Options dialog.
Select Cartesian Grid from the list on the left.

On the Cartesian Grid tab, turn on Cells and turn off Ocean cell.

Turn on Probe without time series data.

Turn on Probe with time series data.

On the Contours tab, make sure “Color Fill” is selected from the first drop-down
in the Contour method section.

Enter “75” (%) as the Transparency.

Click OK to exit the Display Options dialog.

Once BOUSS-2D is run and the solutions imported, the probes will have time series
data and be seen as filled squares.

Running the Simulation

Now that the new probes have been created, it is time to run BOUSS-2D again. First,
save a new SMS project by doing the following:

1.

Right-click “.® BP_probes” and select Save Project, Export and Run BOUSS-
2D to open the BOUSS-2D model wrapper dialog.

Depending on the speed of the computer being used, the simulation may take several
minutes to finish.
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2. Once BOUSS-2D is finished, turn on Load Solution and click Exit to close the
BOUSS-2D model wrapper dialog and bring up the Select Tree Item for Datasets
dialog.

3. Select E 10m Grid Roughness” and select OK to exit the Select Tree ltem for
Datasets.

8.5 Importing the Probe Files and Viewing Solutions

The solution files that were opened previously will not open the Probe files. Therefore,
these files must be opened manually.

1. Select File | Open... to bring up the Open dialog.

2. Browse to the data files\BarbersPoint_roughness _models\BOUSS-
2D\BP_probes folder and select the following files:

e “bp_probes ts eta.ts1”
e “bp_probes ts pressure.ts1”
e “bp_probes ts u.ts1”
e “bp_probes_ts v.ts1”
Click Open to import the files and exit the Open dialog.
Select OK to close the dialog stating where the probes were added.
5. Once the files are loaded, select the three probes using the Select Grid Cell Etﬂ
tool and carefully select the appropriate cells while holding the Shift key.

6. Right-click on the display and select Eta Time Series Plot from the menu to
bring up a plot window.

Since all three probes are selected, three plots can be seen in the Time Series dialog.
The plots should appear similar to Figure 6 below.

Eta Time Series

E 24
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7/ Probe#1  Probe#2 v Probe#3

Figure 6  Water surface elevation probe plots

7. With the probes still selected, right-click on the display again and select Zero-
crossing Analysis | Eta Time Series. This will bring up the Zero-crossing
Analysis dialog (Figure 7).

The zero-crossing analysis will contain information for each probe.
e HAV (m) — Average wavelength for the full time series.
e H13 (m)— Average of the highest 3 % of water surface elevation.
e H110 (m) — Average of the highest 10 % of water surface elevation.

¢ HMAX (m) — Highest water surface elevation.
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e TAV (s) — Average time periods for the full time series.
e T13 (s) — Average of the highest 3 % of time periods.
e T110 (s) — Average of the highest 10 % of time periods.

Zero-crossing Analysis x

Name |HAV{m) |H13m) |[H110(m) [HMAXm) [TAV(E) [T13E)  [T1106) |
Probe #1 2.020603 2965675 3.682819 4572953 |14.191887 14.277279 |14.142835
Probe #2 0639147 1.045845 1315240 1699936 |13.253619 15.241759 |16.885995
Probe #3 | 0.101883 |0.146359 |0.175045 |0.223790 |13.093364 12404293 |15514983

m|N|—~

Help...

Figure 7 Zero-crossing Analysis dialog

9 Conclusion

This concludes the “BOUSS-2D Advanced” tutorial. Feel free to continue experimenting
with the SMS interface or exit the program.
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