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Synopsis

Three series of wave-flume experiments were performed for the purposes of assessing capability

of a wave-flume and investigating an effect of multiple-sized sand on ripple formation. The first series

of experiments were performed under fixed-bed condition, indicating that the measured performance of

wave height-to-stroke ratio was only slightly smaller than theoretically expected. The other two series

with multiple-sized sand beds facilitated the following: (1) the critical value of the mobility number for

ripple formation with multi-sized sands may be larger than the critical value with uniform sands; and

(2) as more asymmetrical oscillatory flow, the difference of grain size between onshore-slope and

offshore-slope appeared more prominently.

Keywords: wave ripple, wave-flume experiments, multiple-sized sand, asymmetrical oscillatory flow,

grain sorting

1. Introduction

Coastal sediments have an extensive range of

grain sizes. Despite this universally accepted
observation, most of the previous studies concerning
coastal sediment transport and depositional processes
have focused on uniform material for simplification.
The performance of multiple-sized materials has often
been explained in the terms of an apparently
straightforward generalization of the results that were
obtained for the

importance of studying the relevant problem about the

simpler uniform cases. The
transport and deposition of multiple-sized materials
has recently been well recognized such as selective
sediment transport. Indeed, a careful investigation into
the effect of selective sediment transport, which may
enhance the process of grain-size sorting, may lead to a
full understanding of bottom morphology in
shallow-water environments. However, only a few
studies (Foti, 1993; Foti and Blondeaux, 1995) have
development of

investigated the ripples and

grain-sorting processes on ripple surfaces, although
ripples develop well in shallow water. The ripple
formation under various wave conditions, involving
asymmetric oscillatory flow inherent in waves in the
shallow-water region, remains to be explored further.
Thus, this experimental study using wave-flume
will focus on grain sorting on ripples under

various-wave conditions.

2. Laboratory experiment

2.1 Wave flume

The wave flume used is 34 m long, 0.4 m wide and
1.2 m deep (Fig. 1). It was initially designed by Fujio
Masuda at the Division of Earth and Planetary Science,
Kyoto University for examination of storm-generated
bedforms such as hummocky bed (Southard et al.,
1990). When it was recently transferred to the Disaster
Prevention Research Institute, Kyoto University,
decisions were made to introduce the following three
adaptations: (1) extension of the flume length by 9 m,
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Fig. 1 Photograph of the wave flume

(2) provision of a piston-type wave generator and (3)
installation of a wave-dissipating slope whose dip can
be changed. The period of oscillation and stroke
(maximum position limit: + 50 cm) of the piston-type
wave generator with a 5 kw-AC servo motor are
controlled through a digital function generator (NF
Corporation DF1906). The upgraded wave generator
allows flexible setting of wave conditions and
longer-duration  experiments if necessary. The
wave-dissipating slope permits dips in the range of
1/18-1/5, along with the placement of wave-energy
absorber on it. The wave absorber is commercially
available and it called ‘Hechimalon’ (Shinko Nylon

Corporation).

2.2 Methods and materials

The present experimental program consisted of 3
series of experiments, each of which comprised several
runs. The first series composed of 83 runs was
performed with fixed-bed conditions. The water depth
ranged from 30 to 55 cm, the wave period from 0.80 to
10.00 s, and wave height from 5.6 to 28.4 cm. Each
run had at least 30-min wave action to confirm
whether the wave generator worked within its
performance limitation.

The other two series composed of 47 runs were
carried out on a sand bed (2.5 m long, 40 cm wide, and
8 cm thick; Fig. 2a). The water depth over the sand bed

ranged from 30 to 50 cm. The wave period ranged
from 1.25 to 5 s, and wave height from 3.8 to 20.6 cm.
In all of the dip of the
wave-dissipating slope was set up as 1/18.

experiments, the

In the present experimental program, the authors
used multiple-sized sand as the bed material. The
multiple-sized sand was obtained by mixing two kinds
of well sorted quartz sands which had different
grain-size distributions (Fig. 3). The two sediments,
the coarse sand (red-colored sand, mean diameter D =
0.40 mm; black-colored sand, D = 0.84 mm) and the
fine materials (quartz sand, D = 0.18 mm), were mixed
with same weight. More specifically, two types of
mixed sand were prepared: one is the mixture of
red-colored sand and quartz sand (Mixture I; D = 0.267
mm) for the second series; and another is the mixture
of black-colored sand and quartz sand (Mixture II; D =
0.387 mm) for the third series. Grain-size analyses of
these sands were performed with a settling tube
(Naruse, 2005).

Two types of initial bed surface were prepared: a
horizontal flat bed and a notched flat bed (Fig. 2b). A
notch formed on a sand bed may promote formation of
ripple marks (Sekiguchi and Sunamura, 2004, 2005).
Ripple formation in the present study was recorded
using a digital video camera during each run, and
photographs taken at the start and the end of each run.
The characteristics of ripple geometry (e.g. ripple
spacing) were measured with the photographs of
vertical forms taken through the side glass.

3. Results and discussion

3.1 Experimental parameters

In this study, water depth, 4, and wave height, H,
were measured for a given pair of wave period, 7, and
wave board stroke, S that specified the motion of the

wave generator. enabled the

These parameters

(b)

) ]

piston-type wave
generator

Fig. 2 (a) Wave flume used in this study. A sand bed was constructed in the horizontal portion of the

flume. (b) schematic of a notch prepared on sand-bed surface
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Fig. 3 Measured distributions of grain size in the three
materials indicated

determination of some physical quantities for the
hydraulic conditions.

According to linear wave theory (e.g. Dean and
Dalrymple, 1992; Komar, 1998), the wavelength, L,
the near-bottom maximum flow velocity, U, and the
near-bottom orbital diameter, d,, are calculated as:

2

L= anhih, 0
27

7H
U=—— 2
" Tsinhkh @

and

_ L (3)

’  sinhkh

where g is the gravitational acceleration and & is
the wavenumber which is given by k = 2a/ L. The
values of L, Uy, and d, were calculated replacing H by
H.x in the first series of experiments, and H by (Hyax
+ Hin)/2 in the other two series.

The reflection coefficient, which indicates a rate of
reflected wave to incident wave, was used here for
representing the degree of wave-absorbing in each
experimental condition. The reflection coefficient, R, is

given by the following equation (Wiegel, 1964):
H max__ H min

— “Tmax T min. 4
Hmax+Hmin ( )

where H,,, is @ maximum wave height and H,;, is
a minimum wave height. When incident waves
completely reflect from something like a vertical wall,
for example, composite waves become pure standing
waves and R = 1. While, the case of a purely incident

wave corresponds to R = 0. The value of both H,,,x and
H,;, were measured at three runs in the first series of
experiments and every run in the other series.

The theoretical wave-height was employed to
compare with the observed wave-height for only first
series of experiments. According to general first-order
wavemaker solution for a piston-type wave generator
(Dean and Dalrymple, 1992; Hughes, 1993), the wave
height-to-stroke ratio is given by:

H 4sinh® kh

P ——— Q)
S, sinh2kh+2kh

The theoretical wave-height was calculated through
eq. (5).

For the second and third series of experiments,
two dimensionless parameters were applied to analysis
the data: namely, the mobility number, M, and the
Ursell number, U. The mobility number, which is a
simplified form of the Shields number, has been
applied by many ripple studies (e.g. Dingler, 1975
Komar and Miller, 1975; Lofquist, 1978; Nielsen,
1979, 1981; Sekiguchi and Sunamura, 2004, 2005).
The mobility number, M, is given by:

2
M = L (6)
(p, —p)gD
where D is the sediment grain size, p; and p are the
densities of sediment grains and water, respectively.

The Ursell number, U, used here for representing
degree of asymmetry of the orbital velocity near the
bottom by shallow-water deformation, is given by
(Ursell, 1953)

0

The increase of U indicates more asymmetrical
velocity: a larger onshore velocity of shorter duration
and a smaller offshore velocity of longer duration in
comparison to orbital velocity in a purely sinusoidal
wave.

These data sets of the three series of experiments

are summarized in Appendix of this paper.

3.2 Performance of the wave generator

In the first series consisting of 83 runs, 51 runs
were normally performed during at least 30-min and
32 runs experienced the performance limits of the

wave generator. In the normally-performed runs of this
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Fig. 4 Theoretical and measured wave height-to-stroke

ratio, H/S,, against wave number, k/

series, the wave length given by eq. (1) ranged from
1.0 to 23.6 m cm, the near-bottom maximum flow
velocity by eq. (2) from 8.7 to 59.0 cm/s, and the
near-bottom orbital diameter by eq. (3) from 1.4 to
39.8 cm.

Measured H / S, ratios are plotted against the
dimensionless wave number specified (Fig. 4). In this
figure the theoretical H / Sy -kh curve is also plotted.
Although the difference between measured and
theoretical H / Sy ratios became somewhat larger at
large kh-values, the wave generator showed expected
performance to some extent at relatively smaller
kh-values, where experiments of ripple formation are
often performed.

Measured maximum H which could be generated
within the performance limitation of this wave-flume
at 7 =155 cm in relation to each given wave-period (1.0
< T'<10.0 s) is plotted (Fig 5), and was largest at 7=
4.0 s (H = 28.4 cm). Measured maximum H was
smaller than theoretical wave-height calculated
through eq. (5) with measured S, for relatively shorter
wave-period (7 < 4.0 s) and about the same as it for

relatively longer wave-period (7> 4.0 s).

3.3 Ripple formation

In the second and third series of experiments
consisting of 48 runs, ripples formed at 22 runs. In the
other 26 runs, although sand particles moved, ripples
did not developed within at least 30-min.

Mobility numbers M in relation to U in the
notched-bed experiments were plotted for the purpose
of comparing critical M-value for ripple formation
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Fig. 5 Measured maximum H within the performance
limitation of the wave-flume and theoretical H
calculated through eq. (5) with measured So at given T.
The water depth was 55 cm at each run

with multiple-sized sand to one with uniform sand (Fig.
6). In the present experiments with multiple-sized sand,
the curve in Fig. 6 is drawn through scattered data
points showing “ripple formation” or “no ripple
formation” to reasonably demarcate the two domains
after Sekiguchi and Sunamura (2004), and may be

expressed in the following equation:

M =10.5-7.0e7%Y ®)

where M-value was calculated with the mean grain
diameter. The curve for ripple formation with uniform
sand, given by Sekiguchi and Sunamura, 2004), was
described as:

M=50-25¢"", )

The curve described as eq. (8) (ie. for
multiple-sized sand) was plotted above the curve
described as eq. (9) (i.e. for uniform sand, Fig. 6). The
difference of the two curves suggested that the critical
value of the mobility number for multi-sized sands
may be larger than the critical value of the uniform
sands. This suggestion was consistent with Foti (1993),
and Foti and Blondeaux (1995), which described that
multiple-sized sand tends to prevent ripple
development started from initially flat bed.

As U-value increasing (i.e. more asymmetrical),
the difference of grain size between onshore-slope and
offshore-slope appeared more prominently. The
coarser sediments deposited on the onshore-side slopes

than the offshore-side slopes (Fig. 7). The difference
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Fig. 6 Mobility numbers, M, against Ursell numbers, U, in the notched-bed experiments

on them suggested reflecting the magnitude of vortices
over ripple surfaces.

As the vortex ripples were developing, they got
more symmetrical in some runs. Ripple symmetry
index, i.e. the ratio of the horizontal length of the stoss
side to that of the lee side (Tanner, 1967), increased
from 0.40 after 30-min wave action to 0.62 after
60-min in Run MB2 6 and MB2 7 which was the
successive experiment of MB2 6 (Fig. 8). The
magnitude of vortices over onshore and offshore
symmetrical, and the
difference of grain size between onshore-slope and

ripple-surfaces got more
offshore-slope got smaller. These results suggested that
the difference of grain size between onshore-slope and
offshore-slope depended not only on hydraulic
conditions but also on the development of ripple

(@ U=21.5

patterns.
sand bed had
two-dimensional plan forms in most case other than

Ripples formed on the
Run MBI 1. In this run, ripple crest alternated
three-dimensional plan form called ‘brick pattern’ (Fig.
9) and two-dimensional plan form. Brick-pattern ripple
was often observed at wave-flume experiments (e.g.
1946) and
environments (e.g. Komar, 1973). This plan-form

Bagnold, modern  shallow-water
pattern was considered to be formed particularly with
small wave-period. However, the mechanisms of
change from brick-pattern ripple to two-dimensional
ripple and vice versa remain incompletely understood,

which requires further study.

4. Summary

Incident

Z.__wave

(b) U=100.4

|
10 em

Fig. 7 Photographs of wave ripple formed under (a) U = 21.5 (MB2 _18), (b) U = 100.4 (MB2_6).
Each photograph was taken after 30-min wave had operated. Waves propagate from right to left
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Fig. 8 Photograph of ripples getting more symmetrical geometry along with ripple development

t=80 min

10 cm

Fig. 9 Photograph of alternation of brick-pattern and 2D ripples (Run MB1_1). Below white

arrow, 2D ripples at # = 80 min turned to brick-pattern ripples at # = 160 min, and returned to 2D

ripple at # =220 min

The three series of experiments, a total of 131 runs,

were performed with the improved wave flume. The

present experiments suggested the follows:

1.

Measured H / Sy in the first series of experiments
tended to be smaller than theoretical H/ S,.

The critical value of the mobility number for
multi-sized sands may be larger than the critical
value of the uniform sands.

As U-value increasing (i.e. more asymmetrical),
the difference of grain size between onshore-slope
and offshore-slope appeared more prominently.
The coarser sediments deposited on the
onshore-side slopes than the offshore-side slopes.
As the vortex ripples were developing, they got

more symmetrical in some runs, and the difference
of grain size between onshore-slope and
offshore-slope got smaller.
Revealing mechanism of the suggestion 24
require further investigation.
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Appendix
The data set of the first series of experiments are

shown in Table A-1, and the one of the second and
third in Table A-2.
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Table A-1 The data set of the first series.

h T So H max H min cheory*l Ub do

RmD7 ) 9 o) em)  em) em F g em) R Remak
FBI 1 40 1.43 16.8 11.1 9.6 16.9 2.4 1.03 20.0 4.5 0.072 —
FB1 2 40 143 224 14.3 12.6 22.6 24 1.03 25.8 5.9  0.063 —
FBI1 3 30 1.43 16.8 8.5 7.5 14.1 2.2 0.85 19.6 4.5 0.063 —
FB1 24 55 1.67 21.2 17.5 — 21.6 3.3 1.04 26.8 7.1 — —
FB1 25 55 2.50 36.4 14.0 — 22.5 5.6 0.62 26.7 10.6 — —
FB1 26 55 2.86 43.0 16.0 — 22.8 6.5 0.53 31.6 14.4 — —
FB1 27 55 3.33 48 .4 18.5 — 21.7 7.7 0.45 37.6 20.0 — —
FB1 28 55 4.00 59.0 18.0 — 21.8 9.4 0.37 37.4 23.8 — —
FB1 29 55 5.00 73.2 22.0 — 21.5 11.8 0.29 46.4 37.0 — —
FB1 30 45 2.00 41.7 18.0 — 29.7 3.9 0.72 36.3 11.5 — —
FBI1 31 45 1.67 21.2 16.0 — 19.0 3.1 0.90 29.2 7.8 — —
FB1 32 45 2.22 32.4 16.0 — 20.4 4.5 0.63 33.5 11.9 — —
FB1 33 45 2.50 36.4 14.0 — 20.0 5.1 0.55 30.3 12.1 — —
FB1 34 45 2.86 43.0 13.5 — 20.4 5.9 0.48 30.1 13.7 — —
FB1 35 45 3.33 48.4 19.0 — 19.5 7.0 0.40 433 23.0 — —
FB1 36 45 4.00 36.4 18.0 — 12.1 8.5 0.33 41.7 26.6 — —
FB1 37 45 5.00 73.2 21.0 — 194 10.7 0.26 49.2 39.2 — —
FB1 38 45 1.43 20.2 14.0 — 21.9 2.5 1.12 22.5 5.1 — —
FB1 39 45 1.25 15.1 13.0 — 19.5 2.1 1.36 17.9 3.6 — error*2
FB1 40 45 1.25 14.3 13.0 — 18.4 2.1 1.36 17.9 3.6 — error
FB1 41 45 1.25 13.4 13.0 — 17.3 2.1 1.36 17.9 3.6 — error
FB1 42 45 1.25 12.6 11.8 — 16.3 2.1 1.36 16.3 3.2 — —
FB1 43 45 1.11 10.8 13.0 — 16.1 1.7 1.64 14.8 2.6 — —
FBI1 44 45 1.00 10.5 12.5 — 17.4 1.4 1.96 11.3 1.8 — error
FB1 45 45 1.00 9.8 11.3 — 16.3 1.4 1.96 10.2 1.6 — —
FB1 47 35 2.00 41.7 13.5 — 25.6 3.6 0.62 323 10.3 — —
FB1 48 35 1.67 21.2 10.7 — 16.2 2.9 0.77 23.8 6.3 — —
FB1 50 35 143 17.9 10.5 — 16.6 2.3 0.94 21.3 4.8 — —
FBI1 51 35 1.25 12.6 10.5 — 13.8 1.9 1.13 19.0 3.8 — —
FB1 52 35 1.11 10.8 10.0 — 13.8 1.6 1.35 15.8 2.8 — —
FBI1 53 35 1.00 9.8 10.5 — 14.2 1.4 1.59 14.1 2.2 — —
FB1 54 35 2.22 324 11.3 — 17.7 4.0 0.55 27.8 9.8 — —
FBI1 56 55 10.00 67.5 10.6 5.6 9.9 23.6 0.15 22.6 36.0 0.309 —
FB1 58 55 6.67 72.0 17.6 — 15.8 15.7 0.22 37.5 39.8 — —
FB1 61 55 5.00 80.5 234 19.1 23.6 11.8 0.29 49.4 39.3 0.101 —

FB1_63 55 400 708 284 232 26.1 94 037 590 37.6 0.101 —
FB1_64 55 333 726 252 210 325 7.7 045 513 272 0.091 —

FB1_65 55 286 645 216 — 342 65 053 427 194 — —
FB1 66 55 250 546 18.0 — 33.7 56 062 343 137 — —
FB1 67 55 222 48,6 185 — 34.4 49 071 338 119 — —
FB1 68 55 182 420 206 179 38.1 3.8 092 337 9.8 0.070 error
FB1 69 55 182 364 19.1 17.9 33.0 3.8 092 313 9.0 0.032 error

FB1_70 55 1.82 336 191 172 30.5 3. 092 313 9.0 0.052 error
FB1_71 55 1.82 308 202 174 28.0 3. 092 331 9.6 0.074 error
FB1_72 55 1.82 28,0 179 156 25.4 3.8. 092 293 8.5 0.069 error
FB1_73 55 1.82 252 17.0 156 22.9 38. 092 278 8.1 0.043 —

FB1_75 55 133 180 169 16.1 243 24 144 200 4.2 0.024  error
FB1_76 55 133 170 164 154 22.9 24 144 194 4.1  0.031 —
FB1 77 55 125 134 171 156 19.6 2.2 1.60  18.2 3.6 0.046 error
FB1 78 55 125 126 155 142 18.4 2.2 1.60  16.5 3.3 0.044 —
FB1_79 55 1.1 1.5 168 153 19.0 1.8 1.94 139 2.5 0.047 error
FB1_80 55 1.1 10.8 156 146 17.9 1.8 1.94 13.0 2.3 0.033  error
FBI1_81 55 111 10.1 147 13.6 16.7 1.8 1.94 122 2.2 0.039 —
FBI1_83 55 1.00 9.8 14.1 13.4 17.7 1.5 233 8.7 1.4 0.025 —

*1 Hieory denotes theoretical wave-height calculated with eq. (5) replaced by measured S and k#.
*2 ‘Error’ remarked at some runs denotes that wave generator could operate for several minutes but stopped

within 30-min.
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Table A-2 The data set of the second series.

Hma Hmi

Run 1D T n R R U A0 albed  Bedform U
(cm) (s) (m) (cm/s) (cm) (cm)
(cm) (cm)
MBI 1 30 1.25 8.1 8 0.006 1.9 1.01 16.9 6.7 flat bed Brick-patternri 4.4 6.62 10.3
MBI1 3 50 2.00 6.8 6.8 0.000 4.1 0.76 12.7 8.1 flat bed no bedform — 3.73 9.2
MBI 4 50 2.00 8.8 8.5 0.017 4.1 0.76 16.1 10.3 flat bed no bedform — 6.03 11.7
MBI1_5 50 2.00 11 10.7 0.014 4.1 0.76 20.2 129 flat bed 2D ripple — 9.49 14.6
MBI1_6 50 2.00 10.2 10 0.010 4.1 076 18.8 12.0 flat bed no bedform — 8.23 13.6
MB1_7 50 2.00 11.2 11 0.009 4.1 0.76 20.7 13.2 flat bed no bedform — 9.94 15.0
MB1_8 50 2.00 13.2 12.1 0.043 4.1 0.76 23.6 15.0 flat bed no bedform — 12.91 17.1
MBI1_9 50 2.00 9.7 9 0.037 4.1 0.76 17.4 11.1 notchedbed 2D ripple 7.2 17.05 12.6
MBI1_10 50 2.00 4.3 4.1 0.024 4.1 0.76 7.8 5.0 notchedbed no bedform — 1.42 5.7
MBI 11 50 2.00 7.6 7.1 0.034 4.1 0.76 13.7 8.7 notchedbed no bedform — 4.36 9.9
MBI1 _12 50 4.00 9.8 8.8 0.054 89 0.35 204 259 flat bed no bedform — 9.60 59.5
MBI 13 50 4.00 12.6 10.7 0.082 89 0.35 255 325 flat bed no bedform — 15.07 74.5
MBI1_14 50 4.00 8.3 7.5 0.051 89 0.35 17.3 22.0 notchedbed no bedform — 6.93 50.5
MBI 15 50 4.00 9.8 9 0.043 89 0.35 20.6 26.2 notchedbed 2D ripple 10.1  9.81 60.1
MBI _16 50 4.00 203 19.1 0.030 8.9 0.35 43.1 549 2Dripple 2Dripple — 43.09 1259
MBI 17 50 4.00 20.6 193 0.033 89 0.35 43.7 55.6 flat bed no bedform — 44,19 127.5
MBI 18 50 3.00 8.6 7.5 0.068 6.6 048 17.0 16.2 flat bed no bedform — 6.70 27.9
MBI1 19 50 3.00 12.1 11.2 0.039 6.6 048 24.6 235 flat bed 2D/3Dripple  10.5 14.04 40.4
MBI 20 50 1.25 16.2 14.4 0.059 2.1 1.48 185 7.4 flat bed 2D ripple 4.6 792 5.5
MBI 21 50 3.00 15 13.5 0.053 6.6 048 30.1 28.8 notchedbed 2D ripple — 21.00 49.4
MBI 22 50 2.00 15.6 13.8 0.061 4.1 0.76 274 17.5 notchedbed 2D ripple 8.6 17.43 19.8
MBI 23 50 4.00 16.1 14.8 0.042 8.9 0.35 33.8 43.1 notchedbed 2D ripple — 26.51 98.8
MB2 1 50 4.00 7.4 6.3 0.080 8.9 0.35 15.0 19.1 notchedbed no bedform — 3.59 43.8
MB2 2 50 4.00 9.6 8.6 0.055 8.9 0.35 199 254 notchedbed no bedform — 6.34 58.2
MB2 3 50 4.00 11.9 11.1 0.035 8.9 0.35 252 32.1 notchedbed no bedform — 10.13 73.5
MB2 4 50 4.00 14.1 12.7 0.052 8.9 0.35 293 37.4 notchedbed 2D ripple 11.9 13.76 85.7
MB2 5 50 4.00 14.7 12.4 0.085 8.9 0.35 29.7 37.8 notchedbed 2D ripple 10 14.07 86.6
MB2_6 50 4.00 174 14 0.108 8.9 0.35 34.4 43.8 notchedbed 2D ripple 13.4 18.88 100.4
MB2 7 50 4.00 17.4 14 0.108 8.9 0.35 344 438 2Dripple 2D ripple 129 18.88 100.4
MB2_8 50 3.00 6.6 52 0.119 6.6 048 12.5 11.9 notchedbed no bedform — 2.48 20.5
MB2 9 50 3.00 8.7 7.2 0.094 6.6 048 16.8 16.0 notchedbed no bedform — 4.51 27.6
MB2_10 50 3.00 10.1 8.6 0.080 6.6 048 19.8 18.9 notchedbed 2Dripple — 6.24 32.4
MB2 11 50 3.00 10.6 9.1 0.076 6.6 0.48 20.8 19.9 notchedbed 2D ripple 11.7  6.92 342
MB2 12 50 2.00 7.9 7 0.060 4.1 0.76 139 8.9 notchedbed no bedform — 3.09 10.1
MB2 13 50 2.00 9.1 7.9 0.071 4.1 0.76 159 10.1 notchedbed no bedform — 4.02 11.5
MB2 14 50 2.00 10 8.6 0.075 4.1 0.76 17.4 11.0 notchedbed no bedform — 4.81 12.5
MB2 15 50 2.00 11.1 9.7 0.067 4.1 0.76 19.4 12.4 notchedbed no bedform — 6.02 14.0
MB2 16 50 2.00 12.3 11.1 0.051 4.1 0.76 21.8 139 notchedbed 2D ripple — 7.62 15.8
MB2 17 50 2.00 142 12.6 0.060 4.1 0.76 25.0 15.9 notchedbed 2D ripple 10.8  9.99 18.1
MB2 18 50 2.00 16.7 15.1 0.050 4.1 0.76 29.7 18.9 notchedbed 2D ripple 12.5 14.07 21.5
MB2 19 50 5.00 83 6.5 0.122 11.2 0.28 16.4 26.1 notchedbed no bedform 149 431 74.8
MB2 20 50 5.00 11.1 9.6 0.072 11.2 0.28 23.0 36.6 notchedbed 2D ripple 13 8.43 104.6
MB2 21 50 5.00 9.7 8.1 0.090 11.2 0.28 19.7 31.4 notchedbed no bedform — 6.23 90.0
MB2 22 50 4.00 13.8 12.6 0.045 8.9 0.35 289 36.8 notchedbed no bedform — 13.35 84.4
MB2 23 50 5.00 11.6 10.1 0.069 11.2 0.28 24.1 38.3 notchedbed no bedform — 9.26 109.7
MB2 24 50 5.00 124 11 0.060 11.2 0.28 26.0 41.3 notchedbed 2D ripple — 10.77 118.3
MB2 25 50 5.00 17.8 16.1 0.050 11.2 0.28 37.6 59.9 notchedbed 2D ripple 13.4 2261 171.3
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