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SNL– Simlating WAves Nearshore (SNL-SWAN)
 Wave energy converter (WEC) array simulation tool
 Open source code.
 Modification of the open source code, SWAN (Simulating WAves Nearshore) developed by TU Delft.
 SWAN computes random, short-crested wind-generated waves in coastal regions.
 SNL-SWAN has a WEC Module which improves how SWAN accounts for power performance of WECs and 

the effects on the wave field.
 The five methods for determining the transmission coefficient are employed through switches in the SNL-

SWAN WEC module
 Uses WEC performance to estimate either a frequency-variable transmission coefficient in the SWAN 

Action Density Evolution Equation (shown below), or frequency constant transmission coefficient. SWAN 
then models the effects on wave climate in the far-field as usual. 

 Funded by the U.S. Department of Energy’s Wind and Water Power Technologies Office.
 User’s guide provided at: http://snl-waterpower.github.io/SNL-SWAN/
 In addition to user-specified outputs SNL-SWAN supplies POWER_ABS.OUT. This file provides absorbed 

power for each modeled WEC (obstacle). 
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Introduction to SNL-SWAN

http://swanmodel.sourceforge.net/
http://snl-waterpower.github.io/SNL-SWAN/


 Tutorial intended to train specifically SNL-SWAN users
 Not intended to be a tutorial for SWAN. Assume user is 

trained on SWAN. 
 Note: Tutorial for non-SWAN users in addition to this tutorial may be 

developed as a separate document.

 To walk a user through the development of a SNL-specific 
model and incorporation of WEC devices. 

 User must have WEC power performance estimates 
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Objectives and Assumptions



 Introduction 
 Definitions (e.g., RCW, Obcase, etc…)
 SNL-SWAN Obcase Module Overview
 Summary of Module Applicability
 Implementation Overview
 Example Applications

 Obcase 0 – Baseline SWAN
 Obcase 1 – Power Matrix Real Seas
 Obcase 2 - Relative Capture Width
 Obcase 3 – Power Matrix Regular Waves
 Obcase 4 – Relative Capture Width 

 Best Practices
 FAQs
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Tutorial Outline



 Power Matrix: Table of absorbed power (in Kilowatts, kW) by 
a WEC device over varying significant wave heights and peak 
wave periods

 RCW – Relative Capture Width
 Power absorbed/Power incident to device
 Can be calculated for each frequency

 OBCASE: SNL-SWAN models WECs as obstacles using the five 
“obcase” flags to determine the appropriate obstacle 
transmission coefficient.

 Baseline SWAN: Standard SWAN by TU Delft. Same as OBCASE 
= 0

 Normalization Width: WEC physical dimension along face of 
device
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Definitions



• The WEC power matrix should be defined in kW absorbed by the WEC. 
• Normalization Width of the WEC must be known.
• Typically given in terms of bulk seastate parameters (Hs, Tp). 

• Information not given related to shape of spectra
• Limited to Obcase 1 if no spectral information available

• If Power Matrix is available for discrete wave periods (frequencies) and 
amplitudes, Obcase 3 may be used, theoretically. 
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Power Matrix



7

• The relative capture width curve is 
a table of absorbed power ratios 
by a WEC device at varying wave 
periods.

• May be estimated experimentally 
or numerically.

• SNL-SWAN RCW value at any 
wave period should not be greater 
than 1.0, though RCW values 
greater than 1.0 have been seen 
experimentally. SNL-SWAN can 
not remove more power from the 
wave-field than is available to the 
obstacle. SWAN cannot model 
any “antennae effect”. 

Relative Capture Width (RCW)



 Short for “WEC Obstacle Case”
 Method for determining Obstacle transmission (Kt) is 

determined by selecting Obcase 0, 1, 2, 3, or 4. 
 0: Baseline (TU Delft) SWAN. Kt set in INPUT file.
 1: Kt based on Power Matrix and incident wave field (Hs, Tp). Equal 

across wave periods. 
 2: Kt based on RCW value at peak incident wave period. Equal across 

wave periods.
 3: Kt based on Power Matrix and incident wave spectra. Varying 

across wave periods.
 4: Kt based on RCW curve. Varying across wave periods. 
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Obcase



Obcase Applicability

WEC Performance 
Information

Frequency-variable 
Kt

Frequency-constant 
Kt

No Information N/A Obcase 0
Power Matrix (real seas, 
peak period) N/A Obcase 1
Power Matrix (regular  
waves and amplitude) Obcase 3 N/A
RCW Curve Obcase 4 Obcase 2
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Obcase 3 & 4 shows 
varying reduction of 
spectral energy, b/c Kt
varies. 

Power Performance Input

Wave Energy Spectra In Lee of Device

Obcase Visualization



A. Develop SWAN model grid and INPUT file
B. Download SNL-SWAN and copy into directory
C. Define WEC device performance in .txt file using RCW or 

Power Matrix

D. Modify SWAN INPUT file by adding new line using SET 
command: SET obcase= XX

E. Determine which obstacle case (OBCASE) to toggle (0 to 4) 
based on available WEC performance data and desired 
physics

F. Remainder of INPUT file is identical. However, SNL-SWAN-
specific best practices are included in this tutorial
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SNL-SWAN Implementation



A. Setup SWAN (Grids, Input File, etc…)
 Follow SWAN TU Delft guidance

 http://swanmodel.sourceforge.net/
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• Enter WEC location 
coordinates as obstacle 
coordinates in INPUT file. 
Set transmission (Kt) of 
obstacle to zero

• Use seaward facing side 
of WEC face only

• Do not modify input grids 
to incorporate WECs

• For additional best practices 
see slides XX

http://swanmodel.sourceforge.net/


http://snl-waterpower.github.io/SNL-SWAN/

B. Download SNL-SWAN
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http://snl-waterpower.github.io/SNL-SWAN/
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B. Download SNL-SWAN
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B. Download SNL-SWAN
Place executable in directory with other 
SWAN files (grids, INPUT, etc…)
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C. Define WEC Power Performance

Units: KW

Units: Meters

Hs units: Meters

Tp units: Seconds

Power Matrix
• Power Matrix File Name: 

POWER.txt
• Location: Same directory as INPUT 

file
• Width (line 1) should usually be the 

WEC’s physical dimension. This 
term is used to normalize the 
absorbed power value from the 
matrix by the width over which it is 
absorbed

Tp

Hs
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C. Define WEC Power Performance

Units:
Unitless capture 
width ratio

Units: 
Seconds

Relative Capture Width
• RCW File Name: 

Relative_Capture_Width.txt
• Location: Same directory as INPUT 

file
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D. Modify SWAN INPUT File

Relative Capture Width
• SET obcase = selected Obcase 

setting. This example shows “4”, so 
will use RCW with frequency 
variable Kt. The RCW file must be in 
the same directory.

• SET inrhog = 1 so that to output 
based on variance or based on true 
energy (see SWAN user manual).



19

E. Determine Obcase 

WEC Performance 
Information

Frequency-variable 
Kt

Frequency-constant 
Kt

No Information N/A Obcase 0
Power Matrix (real seas, 
peak period) N/A Obcase 1
Power Matrix (regular  
waves and amplitude) Obcase 3 N/A
RCW Curve Obcase 4 Obcase 2



 Run SNL-SWAN executable same as original SWAN

 Check for error messages
 See FAQ section for troubleshooting
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E. Run SNL-SWAN 
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SET obcase to 0 must be 
selected, even for 
baseline SWAN runs with 
SNL-SWAN.exe

Obstacle Transmission 
must be manually toggled 
in the INPUT file. In this 
case 0.3 was selected. 
No RCW or Power Matrix 
files needed.

Inputs shown 
as conceptual 
examples only

Obcase 0: Baseline SWAN
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Obcase 0: Example Results

Darker colors 
indicate higher 
levels of wave 
shadowing. 

Front of WEC Device
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Obstacle Transmission 
set to 0. POWER.txt file 
will supersede. 

SET obcase to 1 must be 
selected. 

Obcase 1: Power Matrix, 
Constant Kt



24

Obcase 1: Example Results

Front of WEC Device



25

SET obcase to 2 must be 
selected. 

Obstacle Transmission 
set to 0. 
Relative_Capture_Width.t
xt file will supersede. 

Obcase 2: RCW, Constant Kt
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Obcase 2: Example Results

Front of WEC Device
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SET obcase to 3 must be 
selected.

Obstacle Transmission 
set to 0. POWER.txt file 
will supersede. 

Obcase 3: Power Matrix, 
Variable Kt
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Obcase 3: Example Results

Front of WEC Device
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Obstacle Transmission 
set to 0. 
Relative_Capture_Width.t
xt file will supersede. 

SET obcase to 4 must be 
selected. 

Obcase 4: RCW, Variable Kt
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Obcase 4: Example Results

Front of WEC Device
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Obcase: Spectra Results Example
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 All questions should be directed to our online forum:
https://github.com/SNL-WaterPower/SNL-SWAN/issues
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Frequently Asked Questions

https://github.com/SNL-WaterPower/SNL-SWAN/issues


 Grid resolution
 Obstacle location on grid
 RCW <= 1.0
 Transmission and reflection. Total energy reflected and 

absorbed cannot be greater than energy available. 
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Best Practices and Limitations



Best Practice: Grids

As noted in Section 3.10 of the SWAN 
Scientific and Technical 
Documentation, obstacles are treated 
as lines running through the 
computational grid. When calculating 
the action density flux from one grid 
point to its neighbors, SWAN first 
determines if the connecting grid line 
crosses an obstacle line. If and only if 
a grid line is crossed by an obstacle 
line, the transmission coefficient 
applied to the flux between those 
nodes.
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Best Practice: Grids

The two blue obstacles shown will 
have the exact same influence on the 
model solution, even though they 
have much different widths. Since 
both obstacles cross the same 
computation grid line, SWAN will 
apply their transmission coefficient 
the same volumetric fluxing face. 
Both obstacles correspond to the 
same face, and thus their obstacle 
coefficients will have the same impact 
on the model calculation.
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Best Practice: Grids

 Due to grid discretization, the 
green obstacle does not intersect 
and computational grid lines. In 
this situation it will have no effect, 
even though the obstacle is much 
larger than the small blue 
obstacle (which does have an 
effect). 

 The red line shows the 
appropriate use of the obstacle 
implementation, where grid 
discretization is much finer than 
the obstacle length. This means 
that obstacles will span multiple 
grid lines and their length and 
transmission effects can be 
properly captured.
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Best Practice: WEC Power

 RCW should be between 0 and 1.0
 If outside these limits, SNL-SWAN 

will force the limits. 
 In choosing an obstacle case, 

attention should be paid to the 
way the Power Matrix or RCW 
curve was created. 

 Using OBCASE equal to 3 or 4 is 
only appropriate when 
information is available about 
individual frequencies. 

 OBCASE 1 and 2 are more 
appropriate when information is 
available about average sea 
states. 
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Best Practice: 
WEC Power/Reflection

 Transmitted + reflected + 
absorbed energy cannot be 
greater than the incident wave 
energy
 1-kt + kr > 0 

 Check this for all frequencies 
 SNL-SWAN will produce an error 

message if energy is not 
conserved in this way. 
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