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We consider development of sand ripples in shallow water flows which do not
reach an equilibrium height but have a time-varying ripple height that slowly reaches a
maximum value and then is quickly destroyed by the fluid. A simple scenario to explain
the time periodic behavior of the sand ripples is proposed and applied to data observed
here.
Our data for the wavelengths agree reasonably with previous observations of
steady-state, deep ripples. The ripples we observed never became as tall as those
previously reported for deep flows.
This suggests that once the ripples coalesce into a pattern, the ripple height
increases as more sand is deposited until the flow becomes turbulent and the pattern is
destroyed before the deep-water steady state is achieved, The cycle then repeats as the
newly flattened surface again faces instability and ripples grow at a determined
wavelength.
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Time Periodic Sand Ripples at the Oregon Coast

1. INTRODUCTION
Steady flow of a fluid over an erodible bed, such as sand, is a common occurrence
and often occurs in a natural formation like an alluvial stream or sand dune. Interesting
and unusual bed forms can develop from the instabilities of the bed. They have been
classified generally as antidunes, dunes, or ripples (Raudkivi 1997). Antidunes occur at
high velocity (Figure 1). Dunes have a long wavelength measured from adjacent peaks

of bed and depend heavily on fluid thickness while ripples have a wavelength that is
practically independent of depth (Yalin 1977). Several models have been proposed over
the years to explain these phenomena using linear stability theory (Kennedy 1963;

Englund 1969; Richards 1980; Charru & Mouilleron-Arnould 2002). These models are
effective at predicting the dominant wavelengths, which grow fastest and correspond with
the resulting bed form. The various bed forms are caused by different mechanisms and
correspond roughly to the wavelength. Sand ripples are the shortest sand wave with a
wavelength not usually greater than 0.3m.
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FIGURE 1. Stability domains of the bed forms under unidirectional shear flow for depths of 0.250.4 m (adapted from Baas 1994). The triangles in the area marked as WOR correspond to experiments of
washed-out ripples. The dots indicate previously measured ripples. Stars represent measurements made in
this study. The particle size and surface velocity place the observed bed forms near the wash-out regime.

The bed may begin as flat, but the flow is unstable. Once flow above the bed
reaches a critical velocity the particulate medium moves. This shift in the sedimentary
layer changes the flow of the fluid over the new bed geometry. 1bis changed flow then
interacts further with the bed.
This research is concerned with the development of sand ripples which do not
reach an equilibrium height but instead have a time-varying ripple height that slowly
reaches a maximum value and then is quickly destroyed by the fluid. A simple scenario
to explain the time periodic behavior of the sand ripples is proposed and applied to the

data made here.
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2.METHODS
We noticed bed form patterns in alluvial streams at the Oregon Coast th.at
appeared at various locations and Wlder different conditions. We chose ripples that had a
two-dimensional shape, i.e. confined in the lateral dimension, and exhibited a time
periodic height. We sought to measure and classify them as sand ripples.

we

applied them to a simple scenario to explain their behavior.

To this end, we visited several alluvial streams at beaches along the Oregon coast
near Waldport and Newport. These streams drained into the surf and were mainly
freshwater run-off. At some of the streams, there were few sand ripples of the desired
ilk, and so we selected, choosing periodic sand ripples of two dimensions. At other
places (Lost Creek, Driftwood Beach), the streams were filled with many of the desired
sand ripples, and there was less need to discriminate.
We took measurements of the height, wavelength, surface velocity, and period
using a ruler, yardstick, and video camera. The grain size was measured by averaging the
size of a dozen grains using a projector to magnify the sand. The ripple height, the height
of the sand from the flat bed to the highest place of the bed form, was difficult to measure
due to the cloudy boundary layer and water flow above it. This is hard to see after the

flat bed is removed by sediment flow. The location of the average bed is somewhere on
the slope of the ripple, which is difficult to locate. The ripple is quite fragile and is
disturbed by measuring the ripple height.
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3. RESULTS
After taking measurements of several systems, the data was compared to the
expected values given by Yalin (1985) for the wavelengths of ripples of steady-state
ripples in deep streams. It matches roughly. The wavelength is determined by the grain
size and the particle Reynolds number, defined as

- u10 d2
Re=-P
hv

(1)

where U is the surface velocity at 10°C, dis the particle diameter, h is the depth of the
flow, and vis the kinematic fluid viscosity. Rep is then used to calculate the predicted
wavelength (Figure 3 of Yalin 1985). These predictions are displayed in Table I along
with the measurements.

Particle Size
(mm)

0.21
0.21
0.16
0.16

Surface
Velocity
(mis)

Water
Depth (cm)

Wavelength
(cm)

Period
(s)

.!:!

Rep

Predicted
wavelength (cm)

0.5
0.6
0.7
0.6

1.3
20
20
120 2.1
21
1.2
20
15
120 2.6
21
3.5
30
22
50
1.7
20
2
35
18
50
1.5
24
TABLE l. Observations of ripples in four water streams compared to predictions of Yalin ( 19&5}.

Our data for the wavelengths agree reasonably with those found by Yalin for
steady-state, deep ripples.
Encouraged by the accord of the wavelengths for our shallow case and the deep
stream ripples studied by previous authors, we proceeded to compare the height, A, of our
ripples with theirs. The deep-stream ripple's steady state height (Figure 1) is determined
by the grain diameter and a dimensionless parameter S,
- - - ·- -2
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where 'Ys is the specific weight and pis the density of the fluid, in this case water.
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FIGURE 2. Ripple height as a function of 8 (Yalin 1985). Note the decrease in the
scaled height with increasing grain size d.

Although it was difficult to measure the ripple height as noted earlier, because it
is obscured by the cloudy boundary layer and water flow, we estimate the maximum
ripple height to be 1-2 cm. So, in our case the ripples wash out when
A
d

60<-<130.

(3)

Our particles were 0.2mm, so the expected equilibrium ripple height is about 2
cm, an amount that is much deeper than the depth of the water flow. Clearly in our case
the flow cannot be independent of the top surface. This introduces a turbulence that
disturbs the sand ripples (Mulvey 1996). Mulvey found that the turbulence set in when
the Reynolds number of the free fluid surface became sufficiently large.
The fact that the observed height is less than the expected height is central to our

scenario of the periodic nature of the wave growth. The ripple growth begins with a flat
erodible bed that has instability of the bed. The instability causes ripples to grow as soon
as sediment transport begins (Chien & Wan 1998). Once the ripples coalesce into a
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pattern, the ripple height increases as more sand is deposited until the flow becomes
turbulent and the pattern is destroyed before the deep-water steady state is achieved. The
cycle then repeats as the newly flattened surface again faces instability.
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4. CONCLUSION

Our scenario was designed to explain the oscillation of the observed ripples
ignoring some of the more complicated phenomena like linguoid features, ripple
migration, double cresting, and ripple asymmetry in order to provide an explanation for
the periodic structure of the observed ripples.
The data is consistent with the scenario to a degree. As expected the observed
ripple heights were below the final steady state ripples, without this the scenario is not
viable. As it is, the scenario appears reasonable, though simple and has intuitive appeal.
One puzzle to our scenario is the reported existence of deep washed-out ripples
(0.25-0.4 m in Figure I). If the ripples wash out in such a region, then it seems unlikely
that the height is of any matter, at least in that case, since the mechanism of our scenario

relies heavily on the finite depth of the water. However the wavelengths of the deep..
stream ripples are less than I 0 cm and closer to 1 cm, considerably shorter than those
observed in this experiment (Baas 1994). Clearly, the deep-stream ripples must wash out
for a different reason if our scenario is correct; the reported observations, however, reveal
no apparent differences between the cases except for depth and wavelength.
If the scenario used here is to be verified there must be accurate measurement of

the ripple height. Also the rate of growth could provide evidence. For instance, known
systematics for ripple growth from a flat bed could be used to predict the time until the
expected wash-out time, which could be compared to the observed period.
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