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Abstract

High resolution acoustic images are presented of bedform development on the crest of a nearshore bar during a
storm. The images were obtained using a 2.25 MHz rotating sidescan sonar. The sonar system provides a continuous
record of the evolution of the bedform field through time, within a 10-m diameter field of view. The images document
the occurrence of ripples, cross ripples, and megaripples. During the waning stages of the storm, transitions among
ripple types occurred on time scales of 1-3 h, beginning with flat bed and culminating in highly 3-D short-crested ripples.

1. Introduction

The development and movement of bedforms is
an important component of both the nearshore
sand transport problem, and the problem of inter-
preting the sedimentary record in terms of coastal
sediment transport processes. However, few bed-
form measurements have been made on submerged
bars during conditions of active transport (Allen,
1982b, p. 450). Direct observations by divers are
difficult to make during storm events (Miller and
Komar, 1980). Observation of the bottom using
underwater stereo cameras or video cameras has
met with limited success because suspended matter
frequently obscures the view of the bottom (see,
e.g., Horikawa, 1988).

Acoustic methods of bedform measurement
should in principle be less sensitive to the presence
of suspended sediment, and have shown promise.
Dingler and Inman (1976) used a track-mounted
vertical sounder to obtain 1-D profiles of bed
elevation along the 2-m length of the track. Dingler
and Clifton (1984) and Greenwood et al. (1993)
describe more recent measurements made with this
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type of system. Bedforms have also been monitored
with a horizontally-distributed 2-D array of verti-
cal sounders (Hay and Bowen, 1993). Both types
of measurement, linear track and altimeter array,
are limited by the 3-D nature of many bedforms,
and the spatially inhomogeneous distribution of
larger bedform types, megaripples in particular
(Clifton, 1976; Allen, 1982a,b). Thus it was felt
that a system capable of spatial coverage in more
than one dimension extending over distances
beyond 1-3 m, and with O (1 cm) spatial reso-
lution, would contribute valuable information
which has been difficult to obtain by other means.
The system chosen was a rotating fan-beam sonar,
with a range of about 5 m. Results from the first
field deployment of this system are described below.

2. Experimental setup

The measurements reported here were made on
the southeastern shore of Lake Huron at Burley
Beach, Ontario in October, 1992, The sidescan
sonar used in the experiment is a customized
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version of Simrad Mesotech’s Model 971. It con-
sists of an underwater transceiver with a fan-beam
transducer, driven about a vertical axis by a stepper
motor and connected to control and data acquisi-
tion electronics onshore via a multielement coaxial
cable. The operating characteristics of the sonar
are given in Table 1. The sidescan has been incor-
porated into an upgraded version of RASTRAN
System 1 (Hay et al., 1988; Hay and Sheng, 1992).
The rotary head was mounted on the shoreward
end of the RASTRAN frame at a 50 cm nominal
height above bottom, with the transducer beam
tilted at 30° below the horizontal (Fig. 1). The
frame was located near the crest of a shore-parallel
bar in about 1.5 m water depth, approximately
110 m from the shoreline. The bottom sediments
at the measurement location consisted of moder-
ately well sorted sand of 200 um median diameter.

Table 1
Sonar characteristics

Frequency 2.25 MHz
Vertical beamwidth 30
Horizontal beamwidth 0.8°
Angular step interval 0.45
Pulse length 10 ps
Range resolution ~1lcm
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Fig. 1. Side view schematic of a portion of the RASTRAN frame,
showing the sidescan sonar head and housing, the beam pattern
of the head (at 60 cm range). The sonar head is attached to a
horizontal frame, which is supported by vertical posts at the
corners. One vertical post is shown on the left. The cantilever
support between the frame and the post is not shown
(see Fig. 2).

Other sensors were mounted on the frame, includ-
ing an array of vertical acoustic sounders and
Marsh-McBirney electromagnetic current meters.
The frame legs and some of the sensors partially
obstructed the beam of the rotary sonar, casting
shadows in the images. These shadows have been
sketched in Fig. 2 and are identified later.

The received signals were first envelope-detected
and then acquired digitally at a sampling rate of
200 kHz using RASTRAN’s data acquisition system.
The time for a full 360° scan was 47 s. Each stored
image contains 1.1 MBytes of data. Up to ten
consecutive digital images were acquired during a
10-min time window at hourly intervals. The back-
scatter data were also displayed on a video moni-
tor, and recorded continuously on videotape.
Three images, representing a small fraction of the
total data set, have been selected for presentation
here.

3. Results

Data were collected over the 42-h duration of
the storm, which started abruptly at about 0600 h

f

Fig. 2. Plan view of the RASTRAN frame. The frame is 2 x 2 m,
and constructed from 6.5-cm aluminum angle. The 5-cm
diameter corner posts (legs) are 2.2 m apart. Dashed rings
denote distance from the rotating sonar head in I-m range
increments. Shadows cast by various parts of the frame and
sensors (see text) are indicated.
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on October 24, peaked at about 1400 h, and
gradually abated over the next 34 h. During the
initial period of the storm. pronounced changes in
local mean bed elevation occurred as a result of
bar development and migration. In this paper,
results are presented from the period following
peak storm intensity, when the local bed elevation
was comparatively stable, on October 25. The
period of the incident surface gravity waves during
this time was 4 to 5 s. Fluid velocities from the
flowmeter 70 cm above the bed (Fig. 2) are given
in Table 2. Mean cross-shore currents were small,
-2 cm/s. and were directed offshore. The long-
shore current ¥ was directed westward (to the left
in the images), and decreased in magnitude from
48 to 10 cm/s. Significant wave orbital velocities
U [= 2\ Upms” + Vems» Where u,s and v, are the
root-mean-square velocities: that is, the square
root of the variance of the velocity records (see
Guza and Thornton, 1980)] dropped from 98 to
47 cm/s. The decay in the forcing is therefore
evident in both the longshore current and in the
wave velocities.

A measure of the bottom skin friction is given
by the grain roughness Shields parameter 0, s:

ty s =15 sus/2(s—1)gdso (1)

where ds, 1s the median grain diameter, f, 5 is the
wave friction factor based on 2.5 dsy, s is the grain
specific gravity, and g is the acceleration due to
gravity (see Nielsen, 1981, 1992, p. 105). The
seabed images to be presented were acquired at
the (last three) times listed in Table 2, for which

Table 2

the values of 6, 5 ranged from 0.89 to 0.34. These
values fall in the upper end of the intermediate
strength flow regime 0.05<0,;<1.0 defined by
Nielsen (1992, p. 105), in which vortex ripples are
expected.

The first of the selected rotary sidescan images,
acquired at 1638 h, is shown in Fig. 3a. The image
is displayed in grey scale, darker areas representing
higher acoustic backscatter intensity. The shadows
from the frame supports and some of the sensors
are readily identified as light areas which appear
in the same location in each image, as sketched in
Fig. 2. Each of the four 5-cm diameter support
legs casts a shadow extending radially outward
from the rotary sonar. The large shadow (A) on
the left side of the images is cast by another sonar
housing. The shadow at the top (offshore side) is
from a loop of cable attached to the frame. The
two shadows on the middle right are from guy
wires running from the frame corners to an anchor
post imbedded in the bottom. The shadows provide
useful reference points for image interpretation.
The images have been slant-range corrected assum-
ing a horizontal bed. The displayed image repre-
sents an area of the bottom 10 m across diagonally.
The circles represent radial distances along the
bottom at 2-m intervals, centred at the point on
the bottom directly beneath the sonar head. The
high intensity backscatter within 1-m of the centre,
and the weaker signal in the 1 to 1.5 m distance
interval, are due to the lobes of the transducer
beam pattern (Fig. 1).

The image in Fig. 3a shows long-crested shore-

Mean and rms velocities at 2-h intervals for the 8-h period preceding the first image, acquired at 1638 h, at the times of each of the
three images discussed in the text. u is positive onshore (southward); v is positive longshore (eastward). Also listed are values for
the significant wave orbital velocity, u,; significant wave orbital diameter, 24 = u,T/r; grain roughness Shield's parameter 0, .. Values
for ~ A, computed from Nielsen’s ( 1981) empirical formula, are shown for the times of the images in Figs. 3-5, and discussed in the text

Time Uprms U s o V g 24 0,5 ilA
EDT (cm/s) (cm/s) (cm/s) (cm/s) (cm/s) (cm)

0R14 44.1 -1.9 213 —48.0 98 1.28-1.35

1015 44.4 —-0.7 18.5 —34.8 96 1.23-1.30

1217 39.2 0.3 15.5 —25.0 84 0.98-1.03

1415 359 -1.0 13.3 —19.1 77 0.82-0.87

1638 35.6 -1.3 14.2 —17.5 77 98-123 0.84-0.89 0.081
1841 30.3 -15 12.4 —11.3 65 83-103 0.62-0.65 0.096
2138 21.8 —-24 8.0 -10.0 46 59-73 0.34-0.37 0.148
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Fig. 3. (a) The first image, at 1634 h on 25 October 1992, showing long-crested, shore-parallel ripples. Note that although ripples
do not appear to be present on the left and right sides in the middle of the image, this is because the ripples are aligned parallel to
the acoustic beam in these areas, and thus produce no shadows. In this and all subsequent images. the onshore direction is down
(south, and positive u), and the positive longshore direction is to the right (east, and positive v). (Run 299.136). (b) Detail from
the image in Fig. 3a, showing the megaripple. The letter B at the beginning of the file name is located at the position of the rotary

sonar head (i.e. at the centre of the complete image, Fig. 3a.).

parallel ripples, with occasional bifurcations. The
average wavelength (4) of these ripples is 9-10 cm.
The significant wave orbital diameter (24) was
100-120 cm for this run (Table2). The ripple

wavelength therefore falls within the range of

values given by Miller and Komar (1980) for these
orbital diameters (actually near the short wave-
length end of this range, near Clifton’s (1976)
anorbital ripple grouping). Several larger scale
bedforms are present. One of these is a crescent-
shaped depression (area of low signal intensity)
located roughly I-m shoreward of the sonar head.
An expanded view of this crescent-shaped feature
is presented in Fig. 3b. The horns of the crescent
point toward shore. The horn-to-horn span is
about 50 cm. During the ensuing 2 h, this feature
migrated a distance of about 1 m shoreward and
slightly to the south (leftward in the image),

gradually disappearing on the way. The feature
has the characteristic dimensions and shape of a
lunate megaripple (Clifton et al., 1971).

The second type of larger scale feature is in the
lower left quadrant of the first image, to the left
of the megaripple. These features have wavelengths
of 30-40 cm, with crests aligned roughly 20° off
shorenormal, and two hours later had grown to
fill the entire field of view (Fig. 4a). Shorter wave-
length ripples are still present among the larger
scale features, but are inclined with respect to the
crests of the longer wavelength bedforms and.
except in isolated patches, are no longer shore-
parallel. These are cross ripples (Clifton. 1976),
with crests of both the longer and shorter ripple
sets oriented obliquely to the direction of the
incident waves. A more detailed view of the cross-
ripples is presented in Fig. 4b. This figure shows a







