
SF 298 MASTER COPY KEEP THIS COPY FOR REPRODUCTION PURPOSES 

REPORT DOCUMENTATION PAGE Form Approved 

OMB NO. 0704-0188 

Public reporting buraen for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources. 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding this burden estimates or any other aspect of this 
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services. Directorate for information Operations and Reports, 1215 Jefferson 
Davis Highway. Suite 1204. Arlington, VA 22202-4302. and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 
February,   1998 

3. REPORT TYPE AND DATES COVERED 
Final Progress Report 

4. TITLE AND SUBTITLE 

NEARSHORE WAVE AND CIRCULATION MODELLING 

6. AUTHOR(S) 

ROBERT A.  DALRYMPLE and NOBUHISA KOBAYASHI 

5. FUNDING NUMBERS 

DAAL03-92-G-0116 

7. PERFORMING ORGANIZATION NAMES(S) AND ADDRESS(ES) 

UNIVERSITY OF DELAWARE 
CENTER FOR APPLIED COASTAL RESEARCH 
OCEAN ENGINEERING LABORATORY 
NEWARK, DE 19716 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9.    SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Research Office 
P.O. Box 12211 
Research Triangle Park, NC 27709-2211 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

/tie.o 3OZI<J.&'G-S-ULT. 

11. SUPPLEMENTARY NOTES 

The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as 
an official Department of the Army position, policy or decision, unless so designated by other documentation. 

12a. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

12 b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

Numerical models were developed to predict the propagation and transformation of the time-dependent 
wave field across the nearshore zone, nearshore circulation including longshore, undertow and rip currents, 
and instantaneous and mean water levels including wave runup and swash on beaches. The inclusion of 
time-dependence permitted the study of evolving wave and current fields, including the generation of low 
frequency waves and shear instability of the currents. The developed two-dimensional and three-dimensional 
models were extensively validated by comparison to laboratory experiments conducted in this project and 
available field experiments. 

Equipment purchases and upgrades allowed the laboratory studies of breaking waves, and the associated 
turbulence, bottom friction, undertow, swash, runup, overtopping, and overwash in the University of 
Delaware's Precision Wave Tank, Directional Wave Basin, and Sand Beach Wave Tank. 

14. SUBJECT TERMS 

Nearshore Waves, Nearshore Circulation, Numerical Models 

17. SECURITY CLASSIFICATION 
OR REPORT 

UNCLASSIFIED 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED 

15. NUMBER IF PAGES 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

UL 
NSN 7540-01-280-5500 fflfdf/?.#</$ 

Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. 239-18 
298-102 



NEARSHORE WAVE AND CIRCULATION MODELLING 

Final Progress Report 

Robert A. Dalrymple and Nobuhisa Kobayashi 

February, 1998 

U. S. Army Research Office 

DAAL03-92-G-0116 

Center for Applied Coastal Research 
University of Delaware 

Newark, DE 19716 

APPROVED FOR PUBLIC RELEASE; 
DISTRIBUTION UNLIMITED. 

DTIC QUALITY INSPECTED 2 

THE VIEWS, OPINIONS, AND/OR FINDINGS CONTAINED IN THIS REPORT ARE THOSE OF THE 
AUTHOR(S) AND SHOULD NOT BE CONSTRUED AS AN OFFICIAL DEPARTMENT OF THE ARMY 

POSITION, POLICY, OR DECISION, UNLESS SO DESIGNATED BY OTHER DOCUMENTATION. 



TABLE OF CONTENTS 

STATEMENT OF THE PROBLEM STUDIED 2 

SUMMARY OF THE MOST IMPORTANT RESULTS 2 

LIST OF PUBLICATIONS 4 

LIST OF TECHNICAL REPORTS 10 

LIST OF SCIENTIFIC PERSONNEL 12 

REPORTS OF INVENTIONS 13 



NEARSHORE WAVE AND CIRCULATION MODELLING 

Statement of the Problem Studied 

Erosion of protective shorelines, shoaling of navigational channels, and flooding due to 
storm surges occur when ocean waves, currents, and wind drive the water in the nearshore zone. 
The fluid motions carry sediment along the shorelines in both the offshore and alongshore 
directions. Accurate prediction of this sediment transport requires precise predictions of the 
nearshore hydrodynamics. 

The goal of this project was the development of predictive numerical models to determine 
the propagation of the time-dependent wave field across the nearshore zone, nearshore 
circulation (including longshore and rip currents), and instantaneous and mean water levels 
(setup and runup). The inclusion of time-dependency permits the study of evolving wave and 
current fields, including the generation of low frequency waves and shear instability of the 
currents. The developed two-dimensional and three-dimensional models were extensively 
validated by comparison to laboratory tests conducted in this project and available field 
experiments. Equipment purchases and upgrades ($50,000 per year matching funds from the 
University of Delaware) permitted the laboratory study of breaking waves, and the associated 
turbulence, bottom friction, undertow, runup, and swash in the University of Delaware's 
Precision Wave Tank, Directional Wave Basin, and Sand Beach Wave Tank. 

The project was managed by the Center for Applied Coastal Research in collaboration 
with Cornell University. The Ocean Engineering Laboratory for the Center was refurbished with 
new laboratory space, offices and a computer control room using $250,000 matching funds 
contributed by the University of Delaware. The research efforts were subdivided into five task 
areas: wave modelling, wave breaking, low frequency motions, swash/runup, and numerical 
codes. A task leader had the responsibility to coordinate the research activities in each task area. 
The Center's existing close cooperation with the US ACE Coastal Engineering Research Center 
strengthened and augmented the research efforts. 

Summary of the Most Important Results 

A 2D (two-dimensional) horizontal Boussinesq model was developed. A numerical 
algorithm based on the 4th-order Adams-Bashforth-Moulton for time-stepping was developed 
and tested against existing laboratory data for wave propagation. To extend the application of the 
model to deeper water, modified Boussinesq equations were derived in terms of the velocity 
potential at an arbitrary elevation and the free surface displacement. The optimal elevation was 
determined by minimizing the relative errors of the phase and group velocities over a range of 
depths from zero to half of the equivalent deep-water depth. This extension alleviated some of 
the difficulties associated with choosing maximum starting depths during numerical simulations. 
The improved 2D horizontal Boussinesq model was further extended to include nonlinear effects 
to all orders. This extended model was shown to provide improved predictions of the heights 



and forms of shoaling waves as well as the internal flow field relative to the weakly-nonlinear 
Boussinesq model. This model was also extended to incorporate an eddy viscosity model for 
wave breaking and shown to be capable of predicting the decay of wave height and the third- 
moment statistics of the surf zone wave field. A user's manual was developed for this model and 
released to a group of testers in 1996. Extensive testing of the model against the DUCK'94 field 
experiment was undertaken in collaboration with the nearshore oceanographers at Scripps 
Institute of Oceanography. The model was found to be an accurate predictor for wave spectral 
transformation, wave height decay and evolution of third moment statistics. 

A comprehensive nearshore circulation model was developed to predict the wave-induced 
3D (three-dimensional) circulation. This model solves the depth-integrated, short-wave averaged 
equations of horizontal momentum for the 2D horizontal variations of the current and low 
frequency waves together with analytical solutions for the vertical distributions of horizontal 
velocities. A general absorbing-generating boundary condition was developed for the model 
which allows waves reflected or generated inside the computational domain to propagate out of 
the computational domain through the boundaries without disturbing the waves propagating into 
the domain through the same boundaries. This boundary condition was found to be more 
accurate than other existing boundary conditions. This circulation model was applied to predict 
low frequency waves generated by wave groups and circulation patterns on a beach with a 
significant longshore bathymetry variation such as that observed during the DUCK'94 field 
experiment. 

As for wave runup and swash, a 2D horizontal shallow-water model was developed to 
predict the oscillatory and steady fluid motions in the swash and surf zones under obliquely 
incident waves. This model was shown to be in fair agreement with available field and 
laboratory data. A 2D vertical model was also developed to predict the vertical variations of 
fluid velocities, shear stress and turbulence intensity. A quasi-3D model was developed by 
combining the 2D horizontal and vertical models. This model was applied to elucidate the 
dispersion effects due to the vertical variations of instantaneous horizontal fluid velocities on the 
cross-shore variations of the wave height, setup and longshore currents. Comparisons with 
laboratory and field data have indicated that the dispersion effects on the longshore current 
profile are significant for regular waves but secondary for irregular waves. The longshore current 
profile on a barred beach was predicted to be sensitive to alongshore non-uniformity unlike 
planar beaches. 

To examine the detailed turbulent flow field, we also modified the volume of fluid (VOF) 
method and coupled it with the k-e turbulent transport equations. This new model was tested by 
comparing numerical results with several laboratory experiments, including the runup of 
breaking solitary waves and turbulence measurements in periodic breaking waves. The surface 
profile, mean velocity field and turbulent energy intensity were in good agreement. 

In the Precision Wave Tank, an experiment was conducted to measure the vertical 
variations of fluid velocities in the near-breaking region using a laser doppler velocimeter. This 
experiment was used to validate the improved Boussinesq model. Another experiment was 
performed to measure the vertical variations of fluid velocities outside and inside the surf zone. 



The analyses of the measured turbulent flow and bottom boundary layer flow on a rough bottom 
indicated the applicability of the formula for the bottom friction factor for nonbreaking waves 
even inside the surf zone as well as the reasonable accuracy of the assumption of local 
equilibrium of turbulence in the surf zone. This unique data set was also used to develop a new 
simple kinematic undertow model by combining a logarithmic profile in the bottom boundary 
layer with a parabolic profile in the interior layer. 

For the Directional Wave Basin, we developed software to generate the wavemaker 
command signals, automatically calibrate the wave gauge array, and acquire and reduce wave 
data. Experiments were conducted to test the improved Boussinesq model. To assist the 
development of experiments in the Directional Wave Basin, the SUPERDUCK field data was 
analyzed using the Maximum Likelihood and Entropy methods for directional spectra and the 
Hubert transform method for wave group structure. The data analyses indicated that the incident 
wave climate might have forced the low frequency, non-dispersive motion in the surf zone during 
SUPERDUCK. 

In the Sand Wave Tank, experiments on wave overtopping and overwash on dunes were 
conducted to generalize swash and runup modelling. A new wavemaker was installed to 
generate waves as large as 0.3 m and conduct sand transport experiments in near prototype scale. 
The experiments were used to elucidate the overwash processes as well as to validate the 
generalized numerical swash model. 

List of Publications 

Chen, Y. and Liu, P. L-F. (1994), "A pseudospectral approach for scattering of water waves," 
Proc. Royal Soc. of London, A, 445, 619-636. 

Chen, Y. and Liu, P. L.-F. (1995), "Modified Boussinesq equations and associated parabolic 
models for water wave propagation," J. Fluid Mech., 288, 351-381. 

Chen, Y. and Liu, P. L.-F. (1995), "The unified Kadomtsev-Petviashvili equation for interfacial 
waves," J. Fluid Mech., 288, 383-408. 

Chen, Y. and Liu, P. L.-F. (1996), "On interfacial waves over random topography,"   Wave 
Motion, 24, 169-184. 

Chen, Y. and Liu, P. L.-F. (1997), "Numerical study of surface solitary wave and Kelvin solitary 
wave propagation in a wide channel,"  Fluid Dynamic Research, 19, 27-45 

Chen, Y. and Liu, P. L.-F. (1998), "A generalized modified Kadomtsev-Petviashvili equation for 
interfacial wave propagation near the critical depth level," Wave Motion (to appear). 

Cox, D. T. and Kobayashi, N. (1994), "Bottom shear stress and undertow profile measurements 
under breaking waves," presented at AGU Fall Meeting. Abstract published in EOS, Trans. 
AGU76(46),F293. 



Cox, D. T., Kobayashi, N. and Kriebel, D. L. (1994), "Numerical model verification using 
SUPERTANK data in surf and swash zones," Proc. Int'L Conf. on the Role of Large Scale 
Experiments in Coast. Res., ASCE, 248-262. 

Cox, D. T., Kobayashi, N. and Okayasu, A. (1995), "Vertical variations of fluid velocities and 
shear stress in surf zones," Proc. 24th Coast. Eng. Conf., ASCE, 98-112. 

Cox, D.T., Kobayashi, N. and Okayasu, A. (1996), "Bottom shear stress in the surf zone,"  /. 
Geophys. Res., 101(C6), 14337-14348. 

Cox, D.T. and Kobayashi, N. (1997), "A kinematic undertow model with a logarithmic boundary 
layer,"  /. Waterway, Port, Coastal and Ocean Engrg., ASCE, 123(6), 354-360. 

Cox, D.T. and Kobayashi, N. (1996), "Undertow profiles in the bottom boundary layer under 
breaking waves,"  Proc. 25th Coast. Eng. Conf, ASCE, 3194-3206. 

Gobbi, M. F. and Kirby, J. T. (1996), "A fully nonlinear Boussinesq model with O(kh)4 accurate 
dispersion",  Proc. 25th Coast. Eng. Conf, ASCE, 1116-1129. 

Grilli, S. T., Subramanya, R., Kirby, J. T. and Wei, G. (1994), "Comparison of modified 
Boussinesq and fully nonlinear potential models for shoaling solitary waves", Proc. IAHR 
Symposium: Waves - Phys. and Num. Model., Vancouver, 524-533. 

Guo, L. and Dalrymple, R. A. (1996), "Water wave fluctuations induced by irregular 
bathymetry,"  Proc. 25th Coast. Eng. Conf, ASCE, 731-742. 

Haller, M. C. and Dalrymple, R. A. (1995), "Looking for wave groups in the surf zone," Proc. 
Coastal Dynamics '95, ASCE. 

Hamilton, R. P., Dalrymple, R. A., Oltman-Shay, J. and Putrevu, U. (1994), "Wave group 
forcing of low frequency surf zone motion," AGU Fall Meeting, EOS, Trans. AGU, 75(44) 
Suppl. 322. 

Hancock, M. W. and Kobayashi, N. (1995), "Wave overtopping and sediment transport over 
dunes," Proc. 24th Coast. Engrg. Conf, ASCE, 2028-2042. 

Johnson, B.D., Kobayashi, N. and Cox, D.T. (1996), "Formulation and validation of vertically 
two-dimensional shallow-water wave model," Proc. 25th Coast. Eng. Conf, ASCE, 551- 
564. 

Kaihatu, J. M. and Kirby, J. T. (1992), "Spectral evolution of directional finite amplitude 
dispersive waves in shallow water," Proc. 23rd Coast. Engrg. Conf, ASCE, 364-377. 



Kaihatu, J. M. and Kirby, J. T. (1992), "Evolution and interaction of directional finite amplitude 
waves in shallow water," AGU Fall Meeting, Trans. AGU. 

Kaihatu, J. M. and Kirby, J. T. (1994), "Angular spectrum modelling of extended Boussinesq 
equations", Proc. IAHR Symposium: Waves - Phys. and Num. Model, Vancouver, 514-523. 

Kaihatu, J. M. and Kirby, J. T. (1995), "Nonlinear transformation of waves in finite water depth," 
Phys. Fluids, 7, 1903-1914. 

Kaihatu, J. M. and Kirby, J. T. (1998), "Two-dimensional parabolic modeling of extended 
Boussinesq equations",  /. Waterway, Port, Coastal and Ocean Engrg., ASCE, 124(2), 57- 
67. 

Kaihatu, J. M. and Kirby, J. T. (1996), "Mode truncation effects in predictions of higher order 
statistics",   Proc. 25th Coast. Eng. Conf., ASCE, 123-136. 

Karjadi, E.A. and Kobayashi, N. (1996), "Time-dependent quasi-3D modeling of breaking 
waves on beaches,"  Proc. 25th Coast. Eng. Conf., ASCE, 233-246. 

Kirby, J. T. (1997), "Nonlinear, long waves in water of variable depth", in   Gravity Waves in 
Finite Water Depth, J. N. Hunt (ed), Computational Mechanics Publications. 

Kirby, J. T., Bakunin, J. and Huq, P. (1995) "Turbulence measurements in low Froude number 
hydraulic jumps", 10th ASCE Engineering Mechanics Specialty Conference, Boulder. 

Kirby, J. T., Gobbi, M. F. and Wei, G. (1995), "Kinematics and dynamics of waves in 
intermediate depth predicted by extended Boussinesq equations," presented at AGU Fall 
Meeting. Abstract published in EOS, Trans. AGU, 76(46), F297. 

Kirby, J. T. and Kaihatu, J. M. (1996), "Structure of frequency domain models for random wave 
breaking",  Proc. 25th Coast. Eng. Conf, ASCE, 1144-1155. 

Kirby, J. T. and Wei, G. (1994), "Derivation and properties of a fully nonlinear, extended 
Boussinesq model", Proc. IAHR Symposium:   Waves - Phys. and Num. Model., Vancouver, 
386-395. 

Kirby, J. T. and Wei, G. (1994), "Progress in Boussinesq wave modelling", AGU Fall Meeting, 
EOS, Trans. AGU, 75(44) Suppl. 323. 

Kirby, J. T., Wei, G. and Kaihatu, J. M. (1993), "Time and frequency domain characteristics of 
wave energy dissipation in numerically modelled breaking waves," presented at the AGU, 
74(43) Suppl. Pg. 333-334. 



Kobayashi, N. (1994), "Numerical modelling of breaking waves on coastal structures and 
beaches,"  Proc. Int'l. Workshop on Coastal Hydrodynamics, Sediments and Structures, 
Pusan, Korea, 1-63. 

Kobayashi, N. (1995), "Numerical models for design of inclined structures," Wave Forces on 
Inclined and Vertical Wall Structures, edited by Kobayashi, N. and Demirbilek, Z., ASCE, 
118-139. 

Kobayashi, N., Herrman, M.N., Johnson, B.D. and Orzech, M.D. (1998), "Probability 
distribution of surface elevation in surf and swash zones,"  J. Waterway, Port, Coastal and 
Ocean Engrg., ASCE, 124(3) (in press). 

Kobayashi, N. and Karjadi, E. A. (1994), "Swash dynamics under obliquely incident waves," 
Proc. 24th Coast. Engrg. Conf., ASCE, 2155-2169. 

Kobayashi, N. and Karjadi, E.A. (1996), "Obliquely incident irregular waves in surf and swash 
zones,"  /. Geophys. Res., 101(C3), 6527-6542. 

Kobayashi, N., Karjadi, E.A. and Johnson, B.D. (1997), "Dispersion effects on longshore 
currents in surf zones," J. Waterway, Port, Coastal and Ocean Engrg., ASCE, 123(5), 240- 
248. 

Kobayashi, N., Tega, Y. and Hancock, M.W. (1996), "Wave reflection and overwash of dunes," 
/. Waterway, Port, Coastal and Ocean Engrg., ASCE, 122(3), 150—153. 

Lee, C. and Kirby, J. T., (1994), "Time and frequency domain characteristics of wave energy 
dissipation in numerically modelled breaking waves," IAHR Int'l. Symp. On Waves - Phys. 
andNumer. Model, Vancouver. 

Lin, P. and Liu, P. L.-F. (1998), "A numerical study of breaking waves in the surf zone," J. Fluid 
Mech., 359, 239-264. 

Lin, P., Liu, P. L.-F. and Chang, K.-A. (1998), "Numerical modeling of deep-water wave 
breaking," to appear in Waves'97. 

Liu, P. L.-F. (1995), "Model equations for wave propagation from deep to shallow water," 
Advances in Coastal and Ocean Engineering, edited by P. L.-F. Liu, 1, 125-157. 

Liu, P.L.-F. and Cho, Y.-S. (1993), "Bragg reflection of infragravity waves by sandbars," 7. 
Geophys. Res., 98(C12), 22733-22741. 

Liu, P. L.-F., Cho, Y.-S., Briggs, M. J., Kanoglu, U. and Synolakis, C. E. (1995), "Run-up of 
solitary waves on a circular island," J. Fluid Mech., 302, 259-285. 



Liu, P. L.-F. and Yeh, H. H. (1996), "The generation of edge waves by a wave-maker," Phys. 
Fluids, 8(8), 2060-2065. 

Martin, P. A., Dalrymple, R. A. and Kirby, J. T. (1997), "Parabolic modeling of water waves", 
in   Gravity Waves in Finite Water Depth, J. N. Hunt (ed), Computational Mechanics 
Publications. 

Mei, C. C. and Liu, P.L.-F. (1993), "Surface waves and coastal dynamics," Annual Rev. of Fluid 
Meek, 25, 215-240. 

Narayanan, C. and McCalpin, J. D. (1997), "Vertical structure of horizontal velocity in regular 
shoaling waves: Comparisons with Boussinesq theories," /. Waterway, Port, Coastal and 
Ocean Engrg., ASCE, 123(3), 130-136. 

Oltman-Shay, J., Putrevu, U., Kirby, J. T. and Wei, G. (1995), "Radiation stresses in the 
Boussinesq approximation. Part 2: Highly nonlinear waves," presented at AGU Fall 
Meeting.   Abstract published in EOS, Trans. AGU 76(46), F297. 

Putrevu, U., Oltman-Shay, J., Kirby, J. T. and Wei, G. (1995), "Radiation stresses in the 
Boussinesq approximation. Part 1: Intermediate depth," presented at AGU Fall Meeting. 
Abstract published in EOS, Trans. AGU 76(46), F297. 

Putrevu, U., Oltman-Shay. J., and Svendsen, I. A. (1994), "Effect of alongshore non-uniformities 
on longshore currents,"  AGU Fall Meeting, EOS, Trans. AGU, 75(44) Suppl. 322. 

Putrevu, U., Oltman-Shay, J., and Svendsen, I. A. (1995), "Effect of alongshore nonuniformities 
on longshore current predictions," /. Geophys. Res., 100, 16119-16130. 

Putrevu, U. and Svendsen, I. A. (1995), "Infragravity velocity profiles in the surf zone," /. 
Geophy. Res., 100, 16131-16142. 

Sancho, F. E., Svendsen, I. A., Van Dongeren, A. R. and Putrevu, U. (1995), "Long-shore 
nonuniformities of nearshore  currents," Proc. Coastal Dynamics '95, ASCE. 

Smith, J. M. and Svendsen, I. A. (1995), "Modeling time- and depth-varying currents at 
Supertank," Proc. Coastal Dynamics '95, ASCE. 

Svendsen, I. A. and Putrevu, U. (1994), "Nearshore mixing and dispersion," Proc. Roy. Soc. 
Lond. A 445, 561-576. 

Svendsen, I. A. and Putrevu, U. (1994), "Velocity structure in IG-waves," Proc. IAHR 
Symposium: Waves-Phys. and Num. Model., Vancouver, 346-355. 

Svendsen, I. A. and Putrevu, U. (1995), "Surf zone modelling," Proc. Coastal Dynamics '95, 
ASCE. 



Svendsen, I. A. and Putrevu, U. (1995), "Surf zone dynamics," Advances in Coastal and Ocean 
Engineering, edited by P. L.-F. Liu, 1, 1-71. 

Svendsen, I. A., Veeramony, J., Kirby, J. T. and Huq, P., (1996), "Verification of Boussinesq 
model for breaking waves," presented at AGU Fall Mtg. 

Svendsen, I. A., Yu, K. and Veeramony, J. (1996), "A Boussinesq breaking wave model with 
vorticity,"  Proc. 25th Coast. Eng. Conf., ASCE, 1192-1204. 

Tega, Y. and Kobayashi, N. (1996), "Wave overwash of subaerial dunes,"  Proc. 25th Coast. 
Eng. Conf., ASCE, 4148-4160. 

Van Dongeren, A. R., Sancho, F. E., Svendsen, I. A. and Putrevu, U. (1995), "SHORECIRC: A 
quasi 3-D nearshore model," Proc. 24th Coast. Eng. Conf., ASCE, 2741-2754. 

Van Dongeren, A. R., Svendsen, I. A. and Sancho, F. E. (1995), "Application of the Q-3D 
SHORECIRC model to surf beat," Proc. Coastal Dynamics '95, ASCE. 

Van Dongeren, A. R., Svendsen, I. A., Sancho, F. E. and Veeramony, J., (1996), "Numerical 
study of generation of infragravity waves," presented at AGU Fall Mtg. 

Van Dongeren, A. R. and Svendsen, I. A., (1997), "Absorbing-generating boundary condition 
for shallow water models," J. Waterway, Port, Coastal and Ocean Engrg., ASCE, 123(6), 
303-313. 

Van Dongeren, A. R., Svendsen, I. A. and Sancho, F. W., (1996), "Generation of infragravity 
waves,"  Proc. 25th Coast. Eng. Conf, ASCE, 1335-1348. 

Van Dongeren, A. R., Svendsen, I. A., Sancho, F. W. and Putrevu, U., (1997), "Dispersive 
mixing in infragravity waves,"   Coastal Dynamics'97 Conf, Plymouth, UK, June 1997. 

Veeramony, J. and Svendsen, I. A., (1996), "Wave groups in the surf zone: Model & 
experiments,"  Proc. 25th Coast. Eng. Conf, ASCE, 151-164. 

Veeramony, J. and Svendsen, I. A., (1996), "Analysis of a Boussinesq model for wave 
breaking,"     Coastal Dynamics'97 Conf, Plymouth, UK, June 1997. 

Wei, G. and Kirby, J. T. (1994), "A high-order time-dependent numerical model for the extended 
Boussinesq equations", Proc. IAHR Symposium: Waves - Phys. and Num. Model, 
Vancouver, 544-553. 

Wei, G. and Kirby, J. T. (1995), "Time-dependent numerical code for extended Boussinesq 
equations", J. Waterway, Port, Coastal and Ocean Engrg., ASCE, 121,251-261. 



Wei, G. and Kirby, J.T. (1995), "A coastal processes model based on time-domain Boussinesq 
equations," Proc. Coastal Dynamics '95, ASCE. 

Wei, G., Kirby, J. T., Grilli, S. T. and Subramanya, R. (1995), "A fully nonlinear Boussinesq 
model for surface waves. I. Highly nonlinear, unsteady waves", /. Fluid Mech., 294, 71-92. 

Wei, G., Kirby, J. T. and Mase, H. (1995), "Implementation of eddy viscosity models in a time- 
domain Boussinesq wave model," Proc. 10th ASCE Engineering Mechanics Specialty 
Conference, Boulder, 1247-1250. 

Wei, G., Kirby, J.T. and Sinha, A. (1997), "Generation of Waves in Boussinesq Models using a 
Source Function Method," submitted to Coastal Engineering. 

Yoon, S. B. and Liu, P. L.-F. (1994), "A note on Hamiltonian for long water waves in varying 
depth," Wave Motion, 20, 359-370. 

Yu, K. and Svendsen, I. A. (1995), "Breaking waves in surf-zones," Proc. Coastal Dynamics 
'95, ASCE. 

List of Technical Reports 

Chen, Y. and Liu, P.L.-F. (1993), "Scattering of Linear and Weakly Nonlinear Waves: 
Pseudospectral Approaches," CACR-93-05. 

Chen, Y. and Liu, P.L.-F. (1993), "Modified Boussinesq Equations and Associated Parabolic 
Models for Wave Propagation," CACR-93-06. 

Chen, Y. and Liu, P.L.-F. (1994), "The Unified KP Equation for Surface and Interfacial Water 
Waves in a Rotating Channel with Varying Topography and Sidewalls," CACR-94-13. 

Chen, Y. and Liu, P.L.-F. (1995), "Numerical Study of the Unified Kadomtsev-Petviashvili 
Equation," CACR-95-04. 

Chen, Y. and Liu, P.L.-F. (1995), "On Interfacial Waves over Random Topography," CACR-95- 
13. 

Chen, Y. and Liu, P.L.-F. (1996), "On Three-Dimensional Long Interfacial Wave Propagation 
Near the Critical Depth Level," CACR-96-07. 

Cox, D.T., Kobayashi, N. and Okayasu, A. (1995), "Experimental and Numerical Modeling of 
Surf Zone Hydrodynamics," CACR-95-07. 

Gobbi, M. and Kirby, J. T. (1998), "A new Boussinesq-type model for surface water wave 
propagation," CACR-98-01. 

10 



Hamilton, R.P. and Dalrymple, R.A. (1994), "Wave Group Forcing in Low Frequency Surf Zone 
Motion," CACR-94-23. 

Herrman, M.N., Kobayashi, N. Johnson, B.D. and Orzech, M.D. (1997), "Experiments on 
Surface Elevation Probability Distributions and Statistics in Surf and Swash Zones," CACR- 
97-01. 

Johnson, B.D., Kobayashi, N. and Cox, D.T. (1996), "Formulation and Validation of Vertically 
Two-Dimensional Shallow-Water Wave Model," CACR-96-05. 

Karjadi, E.A. and Kobayashi, N. (1997), "Numerical Models for Obliquely Incident Waves in 
Surf and Swash Zones," CACR-97-03. 

Kirby, J.T. (1996), "Nonlinear, Dispersive Long Waves in Water of Variable Depth," CACR-96- 
02. 

Kobayashi, N., et al. (1994), "Nine Papers to be Presented at International Symposium on 
"Waves - Physical and Numerical Modelling,' " CACR-94-11. 

Kobayashi, N. (1997), "Wave Runup and Overtopping on Beaches and Coastal Structures," 
CACR-97-09. 

Liu, P.L.-F. (1993), "Model Equations for Wave Propagation from Deep to Shallow Water," 
CACR-93-09. 

Liu, P.L.-F. and Cho, Y.-S. (1993), "Bragg Reflection of Infragravity Waves by Sandbars," 
CACR-93-07. 

Liu, P.L.-F. and Lin, P. (1997), "A Numerical Model for Breaking Waves: The Volume of Fluid 
Method," CACR-97-02. 

Narayanan, C. and McCalpin, J.D. (1995), "Vertical Structure of Horizontal Velocity in Regular 
Shoaling Waves: Comparisons with Boussinesq Theories," CACR-95-08. 

Orzech, M.D. and Kobayashi, N. (1997), "Random Wave Transformation and Sediment 
Transport Across Barred and Terraced Sand Beaches," CACR-97-06. 

Smith, J.M. and Svendsen, I.A. (1996), "Time- and Depth-Varying Cross-Short Currents: 
Numerical Modeling and Laboratory Measurements," CACR-96-04. 

Smith, J.M. and Svendsen, I.A. (1996), "Modeling Time- and Depth-Varying Currents at 
SUPERTANK," CACR-96-11. 

Svendsen, I.A. and Putrevu, U. (1992), "Nearshore Mixing and Dispersion," CACR-92-07. 

11 



Svendsen, I.A. and Putrevu, U. (1995), "Surf-Zone Hydrodynamics," CACR-95-02. 

Svendsen, I.A. and Putrevu, U. (1996), "Surf-Zone Modeling," CACR-96-08. 

Van Dongeren, A.R. and Svendsen, I.A. (1996), "An Absorbing-Generating Boundary Condition 
for Shallow Water Models," CACR-96-10. 

Van Dongeren, A.R. and Svendsen, I.A. (1997), "Quasi 3-D Modeling of Nearshore 
Hydrodynamics," CACR-97-04. 

Veeramony, J. and Svendsen, I.A. (1996), "Groups of Breaking Waves: Experiments," CACR- 
96-09. 

Veeramony, J. and Svendsen, I.A. (1995), "Propagation and Breaking of Wave Groups," CACR- 
95-03. 

Wei, G. and Kirby, J.T. (1994), "A Time-Dependent Numerical Code for Extended Boussinesq 
Equations," CACR-94-02. 

Wei, G. and Kirby, J.T. (1996), "A Coastal Processes Model Based on Time-Domain Boussinesq 
Equations," CACR-96-01. 

Wei, G. and Kirby, J.T. (1998), "Simulation of Water Waves by Boussenesq Models," CACR- 
98-02. 

Wei, G., Kirby, J.T., Grilli, S.T. and Ravishankar, S. (1994), "A Fully Nonlinear Boussinesq 
Model for Surface Waves. I. Highly Nonlinear, Unsteady Waves," CACR-94-15. 

Yoon, S.B. and Liu, P.L.-F. (1994), "A Note on Hamiltonian for Long Water Waves in Varying 
Depth," CACR-94-18. 

List of Scientific Personnel 

The principal investigators of this project were as follows: 

• Robert A. Dalrymple (Professor, University of Delaware) 
• Nobuhisa Kobayashi (Professor, University of Delaware) 
• lb A. Svendsen (Professor, University of Delaware) 
• James T. Kirby (Professor, University of Delaware) 
• John D. McCalpin (Assistant Professor, University of Delaware) 
• Philip L.-F. Liu (Professor, Cornell University) 

12 



The following graduate students participated in this project: 

Y. Chen (Ph.D., Cornell University) 
D. T. Cox (Ph.D., University of Delaware) 
L. Guo (Ph.D., University of Delaware) 
M. C. Haller (Master's degree, University of Delaware) 
R. P. Hamilton (Master's degree, University of Delaware) 
B. D. Johnson (Master's degree, University of Delaware) 
E. A. Karjadi (Ph.D., University of Delaware) 
P. Lin (Ph.D., Cornell University) 
C. Narayanan (Master's degree, University of Delaware) 
J. Veeramony (Ph.D., University of Delaware) 
G. Wei (Ph.D., University of Delaware) 

Reports of Inventions 

None. 

13 


