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ABSTRACT

In this study the numerical short wave model SWAN is evaluated for application to a

selected coastal region in South Africa. The aim of this study was to evaluate the

degree of accuracy with which SWAN can simulate prototype nearshore wave spectra

and wave parameters (e.g. wave height, mean wave direction and mean wave period)

for an Algoa Bay field case. Algoa Bay represents a typical deep, sheltered

embayment on the South African south coast, which is exposed to high-energy swell.

Sensitivity analyses on various wave-related processes were also done, with the aim of

establishing the dominant physical processes and appropriate model setup for the

Algoa Bay field case. With the dominant wave-related processes and appropriate

model setup for the Algoa Bay field case established, selected final runs were

performed to determine the degree of accuracy with which SWAN can simulate

prototype conditions, by comparing its results with available field recordings.

This study comprises a review of the SWAN evaluation work conducted to date by

others, an overview of South African coastal conditions, and numerical model

simulations. The model simulations, which represent the main focus of this study, were

conducted for a selection of available offshore wave conditions (at 85 m water depth)

observed during the Algoa Bay field case and were compared to available nearshore

observations (at 17 m water depth). Environmental conditions of waves, wind and

current were included in these simulations. The study focuses on model application

and sensitivity analysis, rather than model development, and includes evaluation of all

relevant processes, without focussing on any specific model aspect.

The results of this study show that SWAN simulations correlated well with observations

at the nearshore station in Algoa Bay, both in wave spectral shape and its associated

parameters. Dominant processes identified for the field case were depth-induced

refraction, bottom friction and directional spreading. This finding agrees with those of

previous evaluations of SWAN and previous modelling experience by others. It is

shown that high-energy swell is relatively more sensitive to the choices of model setup

than wind sea. Based on the simulation results of high-energy swell, it is concluded

that the calculation of depth-induced refraction in SWAN seem to contain a degree of

inaccuracy. It is also concluded that the findings of this study could be used as a

guideline to SWAN modelling studies along the South African south coast.



SAMEVATTING

In hierdie studie word die toepassingsmoontlikhede van die numeriese kortgolf model

SWAN vir 'n geselekteerde gedeelde van die Suid-Afrikaanse kuslyn beoordeel. Die

doel van hierdie studie is om die vlak van akkuraatheid waarmee SWAN prototipe

golfspekra en golfparameters (bv. golfhoogte, gemiddelde golfrigting en gemiddelde

golfperiode) in die vlakwater kan simuleer te beoordeel, vir 'n Algoabaai gevallestudie.

Algoabaai verteenwoordig 'n tipiese diep, beskermde baai aan die Suid-Afrikaanse

kuslyn, wat blootgestel is aan hoe-energie deining. Sensitiwiteitstoetse is ook

uitgevoer vir verskillende golfprosesse, met die doel om die dominante fisiese prosesse

en gepaste modelopstelling vir die Algoabaai gevallestudie te vind. Nadat die

dominante golfprosesse ge'identifiseer is, en die toepaslike modelopstelling gevind is,

is finale simulasies uitgevoer vir geselekteerde gevalle om die mate van akkuraatheid

te bepaal waarmee SWAN prototipe kondisies kan simuleer, deur simulasie resultate

met beskikbare veldmetings te vergelyk.

Hierdie studie bestaan uit 'n samevatling van die evaluasiewerk verrig op SWAN deur

andere, 'n samevatling van golf-, wind- en stroomtoestande aan die Suid-Afrikaanse

kus en numeriese modelsimulasies. Die modelsimulasies, wat die hooffokus van

hierdie studie is, is uitgevoer vir 'n seleksie van beskikbare diepsee golftoestande (in

85 m waterdiepte) uit die Algoabaai gevallestudie en is vergelyk met beskikbare

vlakwater metings (in 17 m waterdiepte). Omgewingstoestande van golwe, wind en

seestrome is ingesluit in hierdie simulasies. Die studie fokus op modeltoepassing en
sensitiwiteits-analise, eerder as modelontwikkeling, en behels die beoordeeling van aile

toepaslike modelprosesse, sonder om te fokus op enige spesifieke model aspek.

Die resultate van hierdie studie toon aan dat die SWAN simulasies goed korrileer met

vlakwater meetings in Algoabaai, vir beide golfspektraalvorm en verwante

golfparameters. Bodemrefraksie, bodemwrywing en rigtingsspreiding is ge'identifiseer

as dominante modelprosesse. Hierdie resultaat kom ooreen met bevindings van

vroeere beoordeling van SWAN en modelleer-ervaring deur andere. Dit word

aangetoon dat hoe-energie deining relatief meer sensitief is vir modelopstelling as

wind-see. Gebasseer op resultate van simulasie met hoe-energie deining, word die

gevolgtrekking gemaak dat die berekening van bodemrefraksie in SWAN 'n mate van

onakkuraatheid toon. Die gevolgtrekking word ook gemaak dat die resultate van

hierdie studie as riglyn gebruik kan word vir modelleerwerk met SWAN aan die Suid

Afrikaanse suidkus.

ii



ACKNOWLEDGEMENTS

I should like to express my gratitude towards a number of parties who contributed

towards the successful completion of this thesis:

I should like to thank the National Ports Authority of South Africa (formerly Portnet) for

their kind permission to use a collection of wave, wind and geotechnical recordings

made at Algoa Bay. I should also like to thank Prof. Ian Young at the University of

Adelaide, Roeland Ris, formerly at the Technical University of Delft, WLIDelft

Hydraulics and the Dutch Ministry of Public Works and Coastal Management (RIKZ) for

their permission to reproduce the figures included in the theory and literature sections

of this thesis.

I should like to express my sincere gratitude towards IJsbrand Haagsma, Leo

Holthuijsen and Prof. Jurjen Batijes at the Technical University of Delft for their

technical and theoretical assistance during the preparation stages of this study.

I should like to thank Marius Rossouw, Louise Watt and Gregory Davids at the CSIR

for their valuable assistance with the extraction and interpretation of wave and wind

data, and for image processing. I should also like to thank Ian Hunter at the South

African Weather Service for his assistance in the establishment of wind conditions over

Algoa Bay for selected cases.

Lastly, I should like to thank my study leader, Eddie Bosman, for his thorough and

diligent supervision of this work, and Annemarie for her patience and support.

iii



TABLE OF CONTENTS

page

Abstract i

Samevatting (Abstract in Afrikaans) ii

Acknowledgements , iii

Table of contents iv

List of tables viii

List of figures ix

List of appendices xiv

Nomenclature xv

Definition of terms xvii

1 INTRODUCTION 1·1

1.1 Problem statement 1-1

1.2 Existing work 1-1

1.3 Aims of study 1-2

1.4 Approach of study 1-3

1.5 Sources 1-4

1.6 Thesis overview 1-5

2 THEORy 2-1
2.1 Introduction 2-1

2.2 Background 2-1

2.2.1 Phase resolving and phase averaging formulations 2-1

2.2.2 Lagrangian and Eulerian descriptions 2-2

2.2.3 Model generations 2-2

2.3 The action balance equation 2-3

2.3.1 The concept of action balance 2-3

2.3.2 Source terms 2-4

2.3.3 Stationary and non-stationary simulation 2-10

3 HISTORIC SWAN EVALUATION WORK 3-1

3.1 Introduction 3-1

3.2 Summary of existing validation work 3-1

3.2.1 Academic cases 3-1

3.2.2 Laboratory cases 3-1

3.2.3 Field cases 3-2

3.3 Findings of historic evaluation work 3-4

3.3.1 Wave propagation 3-4

3.3.2 Fetch-limited wave growth 3-4

3.3.3 Depth-limited wave growth 3-5

iv



3.3.4 Triad-wave interaction 3-5

3.3.5 Depth-induced breaking 3-6

3.3.6 Wave blocking 3-6

3.4 Recommended application of SWAN 3-6

3.4.1 Numerical aspects 3-7

3.4.2 Physical processes 3-7

3.5 Conclusion 3-8

4 OVERVIEW OF WAVE CONDITIONS IN THE SOUTH AFRICAN COASTAL

ZONE 4-1

4.1 Introduction 4-1

4.2 Nearshore wind climate 4-1

4.2.1 Weather systems 4-1

4.2.2 Seasonal wind palterns 4-1

4.3 Offshore wave climate 4-3

4.3.1 Wave height and periodicity 4-3

4.3.2 Spectral shape 4-3

4.3.3 Directionality 4-4

4.4 Coastline and bathymetry 4-4

4.4.1 West coast 4-4

4.4.2 South coast 4-5

4.4.3 East coast 4-5

4.5 Coastal currents offshore, seaward of the breaker zone 4-6

4.5.1 East coast 4-6

4.5.2 South coast 4-6

4.5.3 South-west and west coasts .4-7

4.6 Discussion 4-8

4.7 Conclusion 4-8

5 ALGOA BAY FIELD CASE: MODEL SET UP 5-1

5.1 Introduction 5-1

5.2 Field case selection 5-1

5.3 Environmental conditions 5-2

5.3.1 Offshore wave measurements 5-2

5.3.2 Nearshore wave measurements 5-2

5.3.3 Wave measurement quality and correlation 5-3

5.3.4 Wind measurements 5-4

5.3.5 Current measurements 5-4

5.3.6 Bottom conditions 5-5

5.3.7 Selection of conditions for hindcasting 5-5

5.4 Computational grids and boundaries 5-7

5.4.1 Constraints to modelling choices 5-7

v



5.4.2 Criteria and method 5-7
5.4.3 Positioning of computational grids 5-8
5.4.4 Discussion 5-11

5.5 Discretization of the computational grid 5-12

5.5.1 Method 5-12

5.5.2 Results 5-13

5.5.3 Discussion 5-15

5.6 Conclusion 5-16

6. ALGOA BAY FIELD CASE: FIRST-ESTIMATE SiMULATIONS 6-1

6.1 Introduction 6-1

6.2 Model setup 6-1

6.3 Simulations 6-3

6.3.1 Category A: Easterly wind seas 6-3
6.3.2 Category B: SSW swell with easterly wind seas , 6-4

6.3.3 Category C: SSW swell 6-5
6.3.4 Category D: SSW swell with SW wind seas 6-6

6.4 Summary of results 6-8
6.4.1 Comparison of significant wave heights 6-9

6.4.2 Comparison of mean wave period 6-1 0
6.4.3 Comparison of mean wave direction 6-10

6.5 Conclusion 6-10

7 ALGOA BAY: SENSITIVITY TESTS ON PHYSICAL PROCESSES 7·1

7.1 Introduction 7-1

7.2 Test conditions 7-1
7.3 Scope of tests 7-1
7.4 Simulation runs 7-2

7.4.1 Depth-induced refraction in Algoa Bay 7-2
7.4.2 Energy dissipation due to bottom friction 7-5

7.4.3 Triad-wave interactions 7-9

7.4.4 Wave-current interaction 7-10
7.4.5 Directional spreading of waves 7-11

7.5 Summary of results 7-13

7.5.1 Summary of results for Case 9 7-15

7.5.2 Summary of results for Case 1 7-16

7.5.3 Summary of results for Case 4 7-16

7.6 Conclusion 7-17

8 FINAL SIMULATIONS 8-1

8.1 Introduction 8-1

8.2 SSW swell conditions 8-1

vi



8.2.1 Test conditions and model setup 8-2

8.2.2 Simulation results 8-3

8.2.3 Discussion 8-5

8.3 ESE wind sea conditions 8-6

8.3.1 Test conditions and model setup 8-6

8.3.2 Method 8-7

8.3.3 Simulation results 8-8

8.3.4 Discussion 8-9

8.4 Conclusion 8-10

9 RESULTS OF STUDy 9·1

10 CONCLUSIONS OF STUDY 10·1

11 RECOMMENDATIONS 11·1

12 REFERENCES 12·1

vii



Table 3.1

Table 3.2

Table 5.1

Table 5.2

Table 5.3

Table 6.1

Table 6.2

Table 6.3

Table 6.4

Table 7.1

Table 7.2

Table 7.3

Table 7.4

Table 7.5

Table 7.6

Table 7.7

Table 7.8

Table 8.1

Table 8.2

Table 8.3

Table 8.4

Table 8.5

Table 8.6

LIST OF TABLES

page

Recommended choices for computational grid discretization in

SWAN 3-7

Formulations of physical processes recommended in the

SWAN manual for application of the model.. 3-8

Collection of offshore wave boundary values for field case

simulations 5-6

Test cases for spatial and directional discretization tests 5-13

Absolute errors for discretization of l!J.x = l!J.y = 500 m and

l!J.8 = 10 0 5-15

Model setup for first-estimate simulations 6-1

Environmental conditions for first-estimate simulations 6-2

Summary of first-estimate results for Algoa Bay field case 6-9

Relative error of first-estimate results for Algoa Bay field case 6-9

SWAN sensitivity tests for Algoa Bay field case 7-2

Recommended (default) values of friction coefficients in SWAN

(Holthuijsen et a/. (1999)) 7-6

SWAN bollom friction sensitivity tests for Algoa Bay field case 7-7

Results of sensitivity tests for Case 9 (21/04/99 at 21:00 UTC) 7-14

Results of sensitivity tests for Case 1 (26/04/99 at 18:00 UTC) 7-14

Results of sensitivity tests for Case 4 (case with wind)

(08/04/99 at 18:00 UTC) 7-15

Relative importance of physical processes to the nearshore

results of the Algoa Bay field case 7-18

Relative importance of physical processes on shelf seas and in

the shoaling zone (excerpt) (Young, 1999, after Balljes, 1994') ....... 7-19

Selection of offshore SSW swell conditions for the evaluation of

proposed model setup 8-2

Model setup for final simulation of SSW swell conditions 8-2

Discretization of computational grids for final simulation of

SSW conditions 8-3

Simulation results for final simulation of SSW conditions 8-3

Relative correlation error (with observations) for final simulation

of SSW conditions 8-4

Results at S4 station for wind-wave generation simulation of

Case 1 8-8

viii


























































































































































































































































































































































































	Spoed Van Der Westhuysen Ing  1
	Spoed Van Der Westhuysen Ing 2



