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LONG-TERM GOAL

To understand the physics of sediment transport by waves and currents and to use that
understanding to predict the evolution of nearshore bathymetry given the nearshore fluid
velocity field. A secondary goal is to interpret the environment of deposition and the offshore
wave climate from the sedimentary record.

SCIENTIFIC OBJECTIVES

Objectives are to identify characteristic bedform patterns and their modes of evolution in the
nearshore enviroment at Duck, North Carolina using side-scan sonar images obtained during
the SandyDuck ‘97 experiment; to describe bedload transport over non-planar sediment beds,
with particular application to megaripples; and to generate computer simulation models for
evolution of nearshore morphology.

APPROACH

Sde-scan sonar observations acquired in the surf zone during the SandyDuck '97
experiment complement sonic atimeter profiles of bathymetry acquired by NPS collaborators
E. Gallagher and E. Thornton. Side-scan sonar imagery offers complete areal coverage of the
bed geometry and certain aspects of bed sedimentology but lacks quantitative measures of
bed elevation. Sonic altimeter measurements, on the other hand, provide cross-shore profiles
of bed elevation but lack areal coverage. Side-scan sonar performance in the surf zone can be
evaluated by comparison of imagery and bathymetric data; furthermore, the complete areal
distribution of bed roughness and orientation can be estimated by appropriately combining
the data. ldentical image-processing techniques can be applied to results of bedform pattern
smulations (Fig. 1).

Discrete-particle models for bedload transport processes describe the motion of individual
sediment grains subjected to fluid and body forces by integrating F=maat small time steps.
Existing models predict transport rates, dispersion, and sorting of grains having a distribution
of sizes and densities. They are well-suited for describing transport processes in the swash and
surf zones, where variations in particle properties may belarge. Likewise, the model isideal
for studies of bedload transport over arbitrarily sloping beds, including avalanching processes
occuring on angle-of-repose slopes (Fig. 2).



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the 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 comments regarding this burden estimate 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 Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number

1. REPORT DATE 3. DATES COVERED
30 SEP 1999 2. REPORT TYPE 00-00-1999 to 00-00-1999
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Distribution And M echanics Of Near shore Bedforms £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
North Carolina State Univer sity,Department of Marine, Earth and REPORT NUMBER
Atmospheric Sciences, 1125 Jordan Hall, NCSU Box
8208,Raleigh,NC,27695

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b ABSTRACT c THISPAGE Same as 4
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Figure 1. (left) Simulated ripples generated using a cellular automata model
exhibits considerable high spatial frequency noise, which obscures underlying
bedform imperfections. Imperfections form, migrate and coalesce; such
imperfections define the boundaries of domains of topologically perfect bedforms.
(right) Fourier transformation of the original image into frequency space and
subsequent filtering reveals ripple patterns including imperfections and domains.
Similar analyses have been carried out for SandyDuck sonar imagery.

WORK COMPLETED

Graduate student Peter Dickson completed mosaicking daily side-scan imagery from the
SandyDuck experiment. He and E. Gallagher (NPS) confirmed correlation between sonar
image intensity variations (for example, aternating light and dark ripple-like features) and
actual variations in bed elevation derived from NPS sonic altimeters (Dickson, Gallagher and
Drake, 1999). Correlation of sonar performance with wave climatology has been compl eted.
Graduate student David Pierson has initiated principal component analysis of Dickson's
imagery. Future work will map the distribution of bedforms and their orientation over the
entire spatial extent of the SandyDuck experiment.

Graduate student Joe Calantoni (AASERT) used the discrete-particle simulation model for
bedload transport to study sheet flow transport of coarse sand under a variety of typical
nearshore conditions, including broken and unbroken waves; bed slopes; and a distribution of
particle sizes (Calantoni and Drake, 1998a,b; 1999a,b).

RESULTS

Analysis of side-scan sonar imagery and correlation with independent measures of bed
geometry confirm ability of sonar imaging via conventional instruments in the surf zone under
moderately energetic conditions. Specifically, useful sonar images are obtained when the
sonar towfish is submerged at a depth below the mean sea surface at least twice the
significant wave height for a wide range of sea-state conditions.
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Figure 2. Variation in bedload flux with slope for waves propagating both
upslope, in the direction of the dry beach, and downslope or offshore. The fluxes
are normalized by the flux for an unbroken wave (circles) over a horizontal bed
(zero slope). An equilibrium bed slope at a slope of about 7 degree is obtained
only for a sawtooth-shape waveform (triangles), in direct contradiction to
energetics-based bedload transport models. Such models predict an equilibrium
bed slope of zero under these conditions. Furthermore, the fluxes under all
waveforms are a linear function of bed slope only for slopes less than about 7 to 8
degrees; at higher angles the bedload flux is a strongly nonlinear function of bed
slope.

Discrete-particle simulations suggest that bedload flux is proportional to the cube of the fluid
acceleration, in addition to the velocity-cubed term suggested by numerous investigations.
Calantoni and Drake (1999a:b) showed that discrete-particle simulations predict a strongly
nonlinear relation between bedload flux and bed slope, in direct contradiction to predictions
of energetics-based models for bedload transport (Bagnold, 1963; Bowen, 1980; Bailard and
Inman, 1981).

IMPACT/APPLICATION

SandyDuck field work will provide a significantly enhanced synoptic picture of surf zone bed
geometry for use by other SandyDuck investigators. Performance characteristics of side-scan
sonar in the surf zone may have important applications in nearshore operations. Discrete-
particle simulation results have increasingly called into question fundamental assumptions in
energetics-based models for sediment transport; in particular, application of such models in the
highly unsteady nearshore environment appear to require addition of a term proportional to
the cube of the near-bed fluid acceleration.



RELATED PROJECTS

SandyDuck ‘97 side-scan sonar studies were performed in collaboration with ONR
investigators E. Gallagher and E. Thornton. Additional side-scan and shallow seismic
geophysical studiesin the Duck vicinity, supported by the Army Research Office, Terrestrial
Sciences Program, provide geological context useful for this work and other ONR-supported
work at the Duck, North Carolina Field Research Facility. Discrete-particle smulation studies
are partially supported by a National Ocean Partnership Program grant for "Development and
Verification of a Comprehensive Community Model for Physical Processes in the Nearshore
Ocean."
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