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Hydrodynamics and Seabed Stability Observations on Sable Island Bank:
A Summary of the Data for 1996/1997

Michael Z. Li, Carl L. Amos, and David E. Heffler

Geological Survey of Canada - Atlantic
Bedford Institute of Oceanography
P.O.Box 1006, Dartmouth, N.S.
B2Y 4A2 Canada

1. INTRODUCTION

It is well established that storm processes dominate the transport of sediment on Scotian Shelf, and
the resulting seabed scouring and migration of large-scale bedforms cause serious problems for offshore
installations (Hodgins and Sayao, 1986; Amos and Judge, 1991; Amos et al., 1996; Li et al., 1997). Several
bottom boundary layer models have been proposed for the prediction of near-bed velocity profiles and
enhanced bed shear stresses under combined waves and currents (e.g., Smith, 1977; Grant and Madsen, 1979,
1986), but their applicability over a wide range of conditions is not tested due to the lack of high quality field
data of simultaneously measured waves, currents and seabed responses (Cacchione and Drake, 1990).
Bedforms are almost always present on the continental shelf. The development of these bedforms and their
interaction with waves and currents strongly control the near-bed velocity profile, sand resuspension and the
partition of skin friction from form drag (Wiberg and Nelson, 1992; Vincent et al., 1991; Li, 1994; Liet al.,
1996a). There are extensive laboratory and field measurements of wave ripples and these have been used to
derive several wave-ripple predictors. Due to the co-existence of waves and current, these wave-ripple
predictors are found not applicable under combined-flow conditions (Osborne and Vincent, 1993; Li et al.,
1996a). As bed shear stress increases, sediment transport will go through the following distinctive stages:
no motion, bedload transport, saltation/suspension and sheet flow transport. The critical shear stresses for
the onset of these transport modes need to be properly defined before we can correctly assess sediment
transport rates and seabed stability. While these threshold criteria are reasonably defined, solutions and field
data are very limited for combined flows (Hammond and Collins, 1977; Amos et al., 1988; Li et al., 1997).

Due to the complexity of the above mentioned processes and problems, the predictions of sediment
transport and seabed scouring are poor both for the free stream and around offshore installations on
continental shelves. In order to further our understanding on these complex issues, a joint project between
GSCA (with funding from the Panel on Energy Research and Development, PERD) and PanCanadian

(formerly LASMO Nova Scotia Ltd.) was carried out from 1993 to 1995 to monitor storm wave-current



dynamics and seabed responses on the Scotian Shelf. GSCA’s instrumented tripod Ralph and S4 wave-
current meters have been deployed at several sites near the Cohasset/Panuke production region to obtain in
situ wave, current and seabed response data under storm conditions. The field activities and preliminary data
analyses of this joint project have been reported in Zevenhuizen and Li (1994), Amos et al. (1994a) and Li
et al. (1994, 1996b). Results of advanced analyses of the data collected in this project have been published
in several scientific papers (Li et al., 1997; Li and Amos, 1998; Li and Amos, in press™®). Some of the key
accomplishments and insights from this joint project include the following: (1) Storms dominate sediment
transport processes on Sable Island Bank; bed shear stress and roughness can be strongly enhanced due to
wave-current interaction; (2) Thresholds for bedload, suspension and sheet-flow transport modes are
reasonably well established for medium sand; less well for fine sand and coarse sand; (3) Existing wave-
ripple predictors do not work in combined flows and a new empirical ripple predictor has been proposed; (4)
These advances have been used in the upgrade and calibration of GSCA’s numerical sediment transport
models for continental shelves (i and Amos, 1995,1997); and (5) Leading-edge technologies and
instrumentation have been developed for offshore sediment transport/seabed stability monitoring studies
(Amos et al., 1994b; Heffler, 1996).

As the joint project between GSCA and PanCanadian ended in 1995, the Sable Offshore Energy
Project (SOEP) entered the application and engineering design stage. Seabed stability along the gas pipeline
routes was one of the most important engineering problems for the development of this natural gas field.
GSCA and Mobil Oil Canada Ltd. began in 1995 a joint venture to develop an instrument system to remotely
measure 3-dimensional seabed scouring and to evaluate the stability of large-scale bedforms and the depth
of mobile layer during storms on Sable Island Bank (SIB). The key sensors added to Ralph were an Imagenex
2-D sector scanning profiler (SSP) for 2-dimensional profiling of the seabed along a line and an Imagenex
3-D sector scanning sonar (SSS) for 3-dimensional imaging of seabed scours. The upgraded Ralph was
deployed jointly with S4 wave-current meters at four strategically selected sites on SIB (Fig. 1 and Table 1)
in 1996 and 1997 to obtain in situ wave, current and seabed response data under storm conditions. This report

is a summary of the data sets collected from these deployments.

2. INSTRUMENTATION
The key instrument packages used in this project were the upgraded GSCA multi-sensor platform
Ralph (Fig. 2) and the InterOcean S4 wave-current meters with a single Optical Backscatter Sensor (Cyclops)

mounted on top (Fig. 3).

Ralph is a computer controlled, autonomous instrumented platform used for measuring near-bed

2
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Fig. 2 Image of the upgraded Ralph (top image on next page).

Fig. 3 S4 wave and current meter with an attached Cyclops (bottom image on next page).






wave-current dynamics and monitoring seabed responses in marine environments (Heffler, 1984). The earlier
versions of Ralph were successfully deployed several times on the Scotian Shelf and collected useful in situ
wave, current and seabed response data (Amos et al., 1988; Li et al., 1994, 1996b, 1997). Ralph has recently
been significantly upgraded (Heffler, 1996). The Ralph used in this project was mounted on an 3 mx 3 m

x 2 m quad frame (see Fig. 2). The key sensors on Ralph included:

@ a main case that contains a strain-gauge 300 psi pressure transducer for measuring depth,
tide and wave height; a fluxgate compass for measuring the heading of Ralph; and a tilt
sensor to record Ralph’s roll and pitch. All these sensors are at 150 cm above the seabed and
their data are recorded on a Tattletale Model 7 data logger with a 120 Mbyte hard disk.

® 4 Marsh McBirney Electro-Magnetic Current Meters (EMCM) for velocity measurements
at heights of 30, 50, 70 and 100 cm above the seabed. The current meters are sampled by a
Tattletale Model 5 computer and their data are logged on the hard disk of the Tattletale
Model 7 computer in the main case.

e 6 Optical Backscatter Sensors (OBS, Downing, 1983) to measure the concentration of
suspended sediment at heights of 10, 30, 50, 70, 100 and 136 cmabove the seabed. The OBS
are also controlled by the Tattletale Model 5 computer and their data are logged on the hard
disk in the main case. An array of sediment catchment traps are mounted at the height of
each OBS to catch suspended sediment samples.

@ 4 Mesotec (2.2 MHz) Acoustic Backscatter Sensors (ABS) at 130 cm above the bottom to
measure seabed elevation (scour) at four positions: 3 ABS aligned normal to the Imagenex
profiler at the front of Ralph frame with spacings of 32 and 70 cm and the fourth ABS
located at the rear of the frame 175 cm back. The ABS data are recorded on a Tattletale
Model 7 data logger with a 540 Mbyte hard disk.

e an Imagenex sector scanning profiler (SSP) at 135 cm above the bed to provide a scan
profile across 10 m of seabed for bedform height and scour depth.

) an Imagenex sector scanning sonar (SSS) at the height of 165 cm to provide 270° 2-
dimensional scanning images of the seabed of 5 - 40 m diameters for bedform and scour
patterns. The data from SSS and SSP both are recorded on a Tattletale Model 7 data logger
with a 840 Mbyte hard disk.

® an underwater digital video camera system (DULCE) at 150 cm height, with a 50 W
incandescent light at 50 cm height, to monitor sediment transport and bedform development.
The camera is mounted vertically to give a 0.9 m x 0.7 m view of the seabed. The digital
files from the camera are stored on a PC104 computer with a 1Gbyte hard drive.
Other components on Ralph include a Vemco 27 kHz acoustical relocation pinger and a Vemco VM-10-8

acoustical uplink for quick after-deployment check on Ralph operation. Overall, the upgraded Ralph now

has 23 sensors, 7 computers and 2.5 Gbyte data storage capacity. More technical details of the upgraded



Ralph can be found in Heffler (1996).

S4 Wave-Current Meters are self-contained, spherical, and commercially available electromagnetic

wave-current meters (Fig. 3) from InterOcean Systems Inc. They measure depth, waves, current magnitude
and direction. An internal fluxgate compass records the current direction relative to magnetic north. Data are
stored internally in solid-state, high-reliability memory (1 Mbyte). The electronics and power supply modules
are contained within a compact 25 cm diameter sphere. S4 wave-current meters can be deployed
independently on current meter stands, or incorporated on a tripod. In the four deployments described in this
report, S4 meters were mounted on a aluminum tubular frame at 50 cm above the bed. A single OBS
(Cyclops) was installed at 20 cm height to measure suspended sediment concentration, and a catchment
sediment trap was attached to the frame at a height of 20 cm. The sediment trap was made of 5 cm plastic

core liner with a 2.45 cm diameter hole punched in the top.

3. DATA FROM SI196A DEPLOYMENT

3.1 General Description of Deployment

Ralph and two S4 wave-current meters were deployed at this site about 32 km to the west of Sable
Island in November 1996. Ralph was deployed at 43° 58.35'N, 60° 33.26'W in 20 m water depth (Fig. 1). The
first S4 meter (S4A) was deployed at 43° 57.71'N, 60° 33.31'W in 24 m water depth, and the second S4 meter
(S4B) was deployed at 43° 57.44'N, 60° 33.29'W in 30 m water depth. These locations were strategically
selected to cover different parts of a sand ridge: Ralph was on the crest of a first-order sand ridge, S4A and
S4B were respectively on the upper and lower lee flank of the sand ridge.

Surface sediment samples from 5 IKU grab samples show that the bottom sediment at the Ralph site
was well sorted (average sorting coefficient 0.45 ¢) medium sand with an average mean grain size of D =
0.39 mm. IKU grabs collected at the S4 deployment sites show that the bottom sediment at these sites was
also well sorted medium sand: a mean grain size of D = 0.32 mm and sorting coefficient of 0.42 ¢ at S4A,;

D =0.28 mm and sorting coefficient of 0.35 ¢ at S4B.

3.2 S4 Wave-Current Meter Data

Two S4 wave-current meters were deployed from 26 November to 6 December 1996 in the SI96a
expedition. They measured depth (hence waves) and velocity at 50 cm above the seabed. Both meters were
programmed to burst sample for 5 minute duration every hour at a frequency of 1 Hz. The single OBS sensor

on these S4 meters continuously recorded data of 24 s averages of sediment suspension. Both S4 meters

7



worked well for the entire deployment duration. Fig. 4 shows the time-series plots of (a) mean current
averaged over 30 s and the direction of the mean current, (b) the mean water depth (lower panel) also
averaged over 30 s, and (c) the instantaneous current speed (upper panel) for the S4A meter. The time in Fig.
4, as throughout this report, is in GMT. These plots show that the water was about 24 m deep at S4A site and
that the tides were clearly semi-diurnal with roughly a 1 m range (Fig. 4b). Fig. 4c shows that two major
storms occurred during the early and late parts of the deployment, and two moderate events occurred during
the middle part of the data set. The maximum instantaneous velocity, mostly due to wave oscillations,
reached about 120 cm/s during the two major storms, while that of the two minor storms also reached about
60 to 80 cm/s. The 30 s averaged current speed in Fig. 4a clearly shows the effect of storms on the mean
velocity: the mean current speed was only around 25 cm/s during non-storm periods, but increased to 40 -
50 cm/s during storms. The direction of the peak mean current was mostly to N-NE or S-SW. The suspended
sediment concentration (in sensor output voltage) measured by the OBS on S4A meter is plotted in Fig. 5.
It shows that the first major storm caused strong sediment resuspension, but the effect of the second major
storm during the late stage of the deployment was much less significant. Tidal currents did not seem strong
enough to cause sand suspension at S4A site.

S4B was deployed about 1.2 km southward from S4A on the lower lee flank of the sand ridge. The
30 s average current speed and its direction, mean water depth and instantaneous current speed of the S4B
meter were plotted in Figs. 6a, b and c respectively. The mean water depth at S4B was about 30 m and the
depth time series again shows semi-diurnal tides with about 1 m range. The instantaneous velocity data in
Fig. 6¢ again demonstrates the passage of the two major storms during the early and late stages of the
deployment. Due to the deeper water at the S4B site on the lower lee flank of the sand ridge, however, the
maximum instantaneous velocity was smaller than that of S4A site and only reached about 80 cm/s. The
peaks of the 30 s averaged mean current (Fig. 6a) reached only about 40 cm/s, 20% smaller than that at the
S4A site. But the directions of theses peaks were again predominantly to the N-NE or S-SW. The time series
of the OBS data at S4B is plotted in Fig. 7. In contrast to S4A, Fig. 7 shows that the second major storm
caused stronger sand resuspension than the first one. The strongest suspension peak around 12/04 does not
seem to correlate with the peak of wave activity, though other suspension peaks are correlated either with
the peaks of wave activity or with the peaks of tidal current.

The sediment traps on the S4 meters collected composite suspended sediment samples at 20 cm
above the seabed. Table 2 lists the mean grain size D (mm) and sorting coefficient (¢) as a function of height
(cm) above the bottom of the trap for the S4A meter. The total length of the sample is 18 cm. Three layers

can be seen from the trap: approximately at 0.5-4.5, 5.5-10.5, and 11.5-17.5 cm. Each layer exhibited a fining



Fig. 4 Time-series plots of (a) mean current and its direction, (b) mean water depth (lower
panel), and (c) instantaneous current velocity (upper panel) for the S4A meter of SI96a
deployment.
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Fig. 5 Time series plot of the OBS data on the S4A meter of SI96a deployment.
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Fig. 6 Time-series plots of (a) mean current and its direction, (b) mean water depth (lower
panel), and (c) instantaneous current velocity (upper panel) for the S4B meter of SI96a
deployment.
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Fig. 7 Time series plot of the OBS data on the S4B meter of SI96a deployment.
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upward trend and sediment sorting also became better. It is surprising, however, to see that the mean grain

size of suspended sand (average of 0.42 mm, ranging from 0.34 to 0.54 mm) was coarser than the mean grain

size of the bottom sediment (0.32 mm) at the S4A site. The grain size data for the S4B sediment trap are

given in Table 3. The total length was only 11 cm and much shorter than that of S4A. Two layers can be

Table 2 Mean grain size D and sorting of sediment trap sample for S4A of the SI96a deployment.
Height is from the bottom of the trap upward. The total length of sample is 18 cm.

Height (cm)
0.5
1.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5
10.5
11.5
12.5
13.5
14.5
15.5
16.5
17.5

D (mm)
0.50
0.54
0.47
0.47
0.39
0.44
0.50
0.45
0.41
0.37
0.37
0.38
0.40
0.41
0.41
0.38
0.35
0.34

Sorting (phi)
0.98
1.09
0.99
0.78
0.68
0.73
0.78
0.70
0.67
0.59
0.58
0.58
0.62
0.67
0.67
0.66
0.58
0.71

Table 3 Mean grain size D and sorting of sediment trap sample for S4B of the SI96a deployment.
Height is from the bottom of the trap upward. The total length of sample is 11 cm.

Height (cm)
0.5
1.5
2.5
3.5
4.5
5.5
6.5
7.5
8.5
9.5
10.5

D (mm)
0.28
0.28
0.28
0.21
0.04
0.15
0.23
0.27
0.28
0.29
0.27

Sorting (phi)
0.47
0.40
0.42
1.44
3.01
2.32
1.29
0.52
0.48
0.52
0.79

clearly defined, approximately from 0.5 to 3.5 cm and then from 6.5 to 10.5 cm. These two layers again show

upward fining and better sorting trend and their mean grain size (around 0.24 mm) was roughly equivalent
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to that of the bottom sediment at the S4B site. These two layers apparently were correlated with the two
major storms at the early and late parts of the deployment (Fig. 6¢). The suspended sediment was finer at the
middle section of the trap (4.5 and 5.5 cm) and these probably represent the weaker suspensions by the weak

events during the middle part of the deployment (Fig. 6¢).

3.3 Ralph Data

3.3.1 Hydrodynamics and Sediment Suspension

Ralph was deployed on the crest of a first-order sand ridge (Fig. 1) from 27" to 30" of November,
1996 . Ralph was programmed to log pressure, velocity, and OBS data for a 15 minute duration every hour
at a frequency of 5 Hz. Corresponding to these data bursts, the four ABS logged data for 1 minute duration
at the frequency of 1 Hz for each hour. Similarly, the Imagenex profiler and sonar scanned the seabed for 3
minutes at the beginning of each hour. The DULCE digital camera was not available for the SI96a
deployment and the super 8 camera was used to take seabed photographs continuously in 15 minute intervals.
Ralph worked well for the entire duration and recorded a total of 98 bursts of good data.

Each burst of the pressure, velocity and OBS data was decoded and processed using the procedures
and Matlab programs specifically developed for the preliminary processing of Ralph data (Li, Heffler and
Gatchalian, in preparation). In general, the entire Ralph data set was first checked for data quality, sensor
drifting and malfunction. Each data burst was then averaged to obtain the mean depth (h), the mean velocities
of u,g9, Uy, Usy and u,, respectively at the heights of 100, 70, 50 and 30 cm above the seabed, the direction
of the mean current uy, (cg,), and the mean OBS reading (which gives relative suspended sediment
concentration) of obs1 to obs6 respectively at the heights of 10, 30, 50, 70, 100 and 136 cm above the seabed.
The significant wave height (H,) was calculated as 4 x the root-mean-square of surface elevation. For each
data burst, the mean water depth h was subtracted from the water depth data to derive the instantaneous wave
height data which were then analysed to obtain the upward zero-crossing mean wave period (T,). The current
meters measure the instantaneous velocity in the x (90° clockwise from Ralph’s heading) and y (parallel with
Ralph’s heading) directions. The mean values of the x and y components of us, were subtracted from the
instantaneous velocity data to derive the instantaneous nearbed wave orbital velocity in these components.
Scatter plots of these decomposed wave orbital velocities were used in combination with the wave height
data to obtain the wave propagation direction (wg,). The burst-averaged data of h, uy,, Cy, H, T,, W, and
obs1 of SI96a are listed in Appendix 1. The time series of h, us,, H;, T,, and obs! are plotted in Fig. 8.

The depth data in Fig. 8 again show semi-diurnal tides with an approximately 1 m range. The peaks
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of the mean velocity ug, ranged from 20 to 40 cm/s. One winter storm occurred during the deployment. If a
storm is defined as when H, > 0.8 m, this storm was from Julian day 332 (November 27) hour 05 to Julian
day 334 (November 29) hour 08. The peak significant wave height H, reached about 2 m and the mean wave
period was about 9 s (Fig. 8c,d), though periods of swells before and after the storm were much longer (about
14 s). The time series of obsl data in Fig. 8¢ shows moderate suspension of sand and the peaks are
approximately correlated with the peaks of the mean current. The time series of burst-averaged mean velocity
us,, mean-flow direction Cy,, and the maximum instantaneous velocity u,,, are plotted in Fig. 9 for SI96a
Ralph data. The peaks of the mean current ranged from 20 to 40 cm/s and they were dominantly to the N,
NE or S, SW. The wind-driven currents seemed to have suppressed the tidal current and changed the
direction of the peak current to SW during the storm.

Ralph and the two S4 meters were strategically deployed at the crest, upper and lower lee side of a
sand ridge so that the flow dynamics across the sand ridge could be evaluated. Comparing Figs. 4a, 6a and
9b indicate that the peaks of us, do not differ significantly from the ridge crest (Ralph location) to the upper
(S4A) and lower (S4B) lee flank: the maximum magnitude was around 40 cr/s and were predominantly to
the N or NW, though us, at the upper lee flank was slightly higher reaching about 50 cm/s. The maximum
instantaneous current speed data plotted in Figs. 4c, 6¢c and 9d show that the peaks of the maximum
instantaneous velocity (predominantly due to wave oscillations) reached about 120 cm/s on the ridge
crest(Fig. 9b) and upper lee side (Fig. 4c), but was somehow smaller in the trough (lower lee side) reaching
only about 90 cm/s (Fig. 6¢). These values are 2 to 3 times higher than the mean current speed us.

Four sediment traps were attached to Ralph at the following heights: trap1 at 0.3 m, trap2 at 0.5 m,
trap3 at 0.7 m and trap4 at 1.0 m. The mean grain size D (mm) and sorting coefficient (¢) of these sediment
trap samples are listed in Table 4. The height again is upward from the bottom of the sediment trap. The
amount of sediment collected by the sediment traps was largest at the lower trap and decreased with the
heights above the seabed: trap1 was full with a total length of 16 cm, trap2 had 13 cm length, the length of
trap3 was about 4 cm and the highest trap had only 0.8 cm of sand. These obviously indicate that sand
resuspension happened predominantly in the lower half meter and that suspension was insignificant at heights
beyond 1 m from the seabed. The mean grain size became finer from lower to upper sediment traps:
systematically decreasing from 0.45 mm to 0.31 mm. The suspended sediment was moderately sorted and
the sorting generally became better except for the upper-most sediment trap. The lower three sediment traps
on Ralph all show one layer of suspended sediment deposition which corresponded with the passage of the
storm from Julian day 332 to 334 shown in Fig. 9. In each of these 3 layers, grain size was initially finer

corresponding with the start of the storm. Grain size reached the maximum roughly at the middle of the
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Table 4 Mean grain size D and sorting coefficient of SI96a Ralph sediment trap samples.

Sediment trap sample at 0.3 m height; total length 16 cm.

Height (cm) D (mm) Sorting (¢)
0.5 0.40 0.60
1.5 0.42 0.61
2.5 0.48 0.74
3.5 0.46 0.63
4.5 0.48 0.68
5.5 0.48 0.66
6.5 0.49 0.64
7.5 0.47 0.63
8.5 0.45 0.68
9.5 0.44 0.60
10.5 0.45 0.64
11.5 0.43 0.62
12.5 0.45 0.60
13.5 0.45 0.63
14.5 0.42 0.48
15.5 0.38 0.58
average: 0.45 0.63
Sediment trap sample at 0.5 m height; total length 13 cm.
0.5 0.41 0.51
1.5 041 0.53
2.5 0.44 0.58
3.5 0.44 0.64
4.5 0.44 0.64
55 0.44 0.65
6.5 0.43 0.63
7.5 0.42 0.61
8.5 0.44 0.64
9.5 0.47 0.68
10.5 0.47 0.66
11.5 0.42 0.57
12.5 0.39 0.60
average: 0.43 0.61

Sediment trap sample at 0.7 m height; total length 4 cm.
height D(mm) sorting

0.5 0.37 0.57
1.5 0.40 0.53
2.5 0.41 0.57
35 0.39 0.60
average: 0.39 0.57

Sediment trap sample at 1.0 m height; total length 0.8 cm.
0.4 0.31 0.72
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layer (at the peak of the storm) and then decreased again as the storm waned. The mean grain size of the
suspended sediment (in trapl and trap2) was again found to be coarser than that of the surface bottom

sediment.

3.3.2 Bedform and Bed Elevation Change

One of the main goals of the joint project between GSCA and Mobil was to estimate the depth of
the mobile layer for a storm of a known return interval. The data collected by the Acoustic Backscatter
Sensors (ABS) and the Imagenex sector scanning profiler (SSP) and sector scanning sonar (SSS) were
analysed to evaluate bedform development, seabed erosion and depth of mobile layer during storms on Sable
Island Bank. The roll and pitch data of Ralph were examined first to detect and correct any significant
sinking of the Ralph frame due to scouring. Then the bed elevation data recorded by ABS were analyzed to
derive the bed level changes due to erosion and/or bedform migration. The seabed profiles and 2-D images
collected by the Imagenex SSP and SSS were used to derive for each storm the height and wavelength of the
dominant bedforms, and seabed erosion and bedform development processes. Finally, the greater of the
maximum bed elevation change and half of the maximum bedform height was estimated as the maximum
depth of mobile layer for the storm.

The roll and pitch data of the SI96a Ralph deployment are plotted against the Julian day in Fig. 10a.
Except for a few electronic glitches, the roll and pitch of Ralph did not change dramatically for this
deployment. The small variations of less than 1° should not cause significant error in Ralph data. The ABS
data, plotted in Fig. 11, show that Ralph platform sank about 4 cm into the sand after casting off so that all
4 ABS detected a seabed at about 126 cm from the sensors. As the only storm in this deployment started to
build up at hour 05 on day 332 (D332H05), seabed began to rise and reached the maximum level of about
106 c¢m around D332H20-D333H04, which is roughly the peak of the storm (see Fig. 8). During the
remainder of the deployment, seabed elevation stayed around this height and oscillated with an amplitude
of about 8 - 10 cm. Since the roll and pitch data did not show significant change, the bed elevation changes
shown in Fig. 11 were most likely due to the passing through of bedforms of different scales. The ABS data
in Figure 11 clearly show bedforms of three magnitudes: large bedforms of around 20 cm height, medium-
scale bedforms of 8 - 10 cm height and the superimposed small ripples of 2 - 4 cm height.

The Imagenex profiler and sonar scanned the seabed for 3 minutes at the beginning of each hour. The
profiler was programmed to scan a line of the seabed of about 10 m. An example of the profiler image is
shown in Fig. 12a and the vertical height of the image is about 1.3 m. The sonar was supposed to provide

270° scanning images with a 40 m diameter range. Due to technical problems, the sonar only scanned the
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Fig. 10 The roll and pitch data of (a) SI96a and (b) SI97a Ralph deployments.
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Fig. 11 The seabed elevation changes recorded by ABS sensors in SI96a

Ralph deployment.
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Fig. 12 Examples of the Imagenex (a) profiler and (b) sonar images collected in SI96a Ralph
deployment. The vertical height of the profiler image is 1.3 m and the diameter of the
sonar image is 40 meters.
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seabed for 135° in SI96a deployment and an example sonar image is shown in Fig. 12b. The diameter of the
sonar image in Fig. 12b is 40 m with the top of the image pointing 70° from the magnetic North. Fig. 12a
shows a maximum bedform height of 12 cm, while Fig. 12b depicts combined wave-current ripples with
about 0.85 m wavelength oriented 30° from the magnetic North. Linguoid wave-current ripples can also be
seen in the middle and lower right portions of the image in Fig. 12b. There was only one storm recorded by
Ralph in SI96a deployment. Table 5 lists the significant wave height H, and the estimated bedform
parameters for this storm in SI96a: 1, is the maximum ripple height, A is the average ripple wavelength,
E is the average of the bed elevations at the ripple crest and trough, and E, is the average of the seabed

elevations at ripple crests. Table 5 shows that at the beginning of the storm, bedforms had maximum height

Table 5 Estimated bed-elevation changes and bedform parameters in the storms
of SI96a Ralph deployment.

DayHour H, (m) Mnax (1) A (m) E (m) E, (m)
D332H05 0.9 0.07 0.43 1.13 1.10
D332H13 1.1 0.56 1.02
D333H04 2.0 0.06 0.37 1.12 1.11
D333H08 1.6 0.50

D333H18 1.2 0.12 0.85 1.00 0.96
D333H21 1.1 0.13 1.03 0.99
D334H04 1.2 0.21 1.09 0.99 0.94
D334H08 0.9 0.18 0.71 1.06 0.97

of 0.07 m and wavelength of 0.43 m, and the bed elevation was 1.13 m from the profiler sensor. As storm
built up, ripple height and wavelength were reduced to 0.06 m and 0.37 m respectively at the peak of the
storm. As the storm decayed, bedform scales increased and reached the maximum at D334H04: ripple height
reached 0.21 m and ripple wavelength reached 1.09 m. The elevation of the seabed (E) also rose to a
maximum of 0.99 m to the sensor. The combined ABS data and the data from the Imagenex profiler and
sonar suggest that the maximum bedform height during this storm was 0.21 m. If the depth of the mobile
layer is taken to be equal to half of the bedform height, then the estimated mobile layer depth was 0.11 m for

this storm. However, the maximum bed elevation change during the storm was about 0.14 m.

3.4 Predictions By SEDTRANS92

The application of the GSC sediment transport model SEDTRANS96 is an important aspect in
studying bottom boundary layer dynamics and sediment transport on continental shelves (Li and Amos, 1995;
Amos, et al., 1996; Li et al., 1997; Li and Amos, 1997). For given inputs of wave, current and seabed

conditions, this Fortran 77 numerical model applies the combined wave-current bottom boundary layer theory
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to predict wave-enhanced bed shear stresses, velocity profiles, suspended and bedload sediment transport

rates and directions. Besides the wave and current data, running SEDTRANS96 also requires sediment mean

grain size D, initial ripple height 1 and ripple wavelength A, bed slope 3, sediment density p, and fluid

density p. The mean grain size D is 0.39 mm for the SI96a deployment. Based on field measurements of

ripple heights and wavelengths over medium sand sediment on SIB by Li and Amos (1998), the initial mean

ripple height and wavelength were taken to be 1.4 cm and 12.2 cm, respectively. Bed slope B was assumed

to be 0. p, and p were taken as 2.65 and 1.025 g/cm?, respectively. These values, together with the wave and

current data in Appendix 1, were used in SEDTRANS96 (Li and Amos, 1997) to predict various boundary

layer dynamics and sediment transport parameters for the SI96a deployment. The output of bottom boundary

dynamics parameters from SEDTRANS96 are listed in Appendix 2a and include:

Uy
Ay
fCW

S Y.
Wiy
Weows

Wicwe

Weeyp

near-bed maximum wave orbital velocity (m/s)

near-bed wave orbital amplitude (m)

combined wave-current friction factor

skin friction current shear velocity (cm/s)

skin friction wave shear velocity (cm/s)

skin friction combined wave-current shear velocity (cm/s)
ripple-enhanced combined wave-current shear velocity (cm/s)
bedload-enhanced combined wave-current shear velocity (cm/s)
total current shear velocity (cm/s)

total wave shear velocity (cm/s)

total combined wave-current shear velocity (crm/s)

thickness of the wave-current boundary layer (cm)

inner layer bottom roughness (cm)

apparent bottom roughness above the wave boundary layer (cm)

The sediment transport parameters generated by SEDTRANS96 are given in Appendix 2b and these are:

Mo
A

P

Q,
Qb-dir
Q,

predicted ripple height (cm)

predicted ripple wavelength (cm)

mean sediment transport rate of Einstein-Brown bedload method (kgm™ s™")
direction of mean sediment transport

mean suspended load sediment transport rate (kg m™ s)

Appendix 2b shows that the predicted bedload transport rate reached about 0.005 kg m™ s during the

passage of the storm and was predominantly to the north or northeast. The maximum value of the suspended
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load transport was about 0.004 kg m™ s which was comparable to the magnitude of the predicted bedload

transport.

4. DATA FROM SI97A DEPLOYMENT

4.1 General Description of Deployment

Ralph and a S4 wave-current meter were deployed at the SI97a site about 37 km to the west of Sable
Island (Fig. 1) from 27 January to 24 March of 1997. Ralph was deployed at 43° 56.45'N, 60° 37.77'W in 32
m water depth on the crest of a sand ridge (Fig. 1). The S4 meter (S4) was deployed at 43° 56.10'N, 60°
33.40'W in 38 m water depth on the lower lee flank of the sand ridge. The S4 site is not shown in Fig. 1
because of its closeness to Ralph SI97a site.

No bottom sediment sample was collected at these Ralph and S4 deployment sites. However, the
sediment trap samples on Ralph (see description in 4.3.1) show that the bottom sediment was probably
moderately sorted medium sand. The composite sediment collected in the lowest trap (0.3 m above the
seabed) had a mean grain size of 0.40 mm and a sorting coefficient of 0.95¢. These were taken as the

characteristics of the bottom sediment at the Ralph deployment site.

4.2 S4 Wave-Current Meter Data

The S4 wave-current meter was again programmed to burst sample for 5 minute duration every hour
at a frequency of 1 Hz. Good data were recorded from 27 January to 17 March 1997 for a total of 1167 data
bursts. Fig. 13 shows the time-series plots of mean current averaged over 60 s, the direction of the mean
current, and the mean water depth averaged over 120 s. The water depth plot showed semi-diurnal tides and
the occurrences of 3 neap and spring tides. Tide range reached about 1.5 - 2 m during the spring tides and
was only about 1 m for neap tides. The peak mean current speeds were around 40 cm/s.

Sediment trap data from the two S4 meters were not available.

4.3 Ralph Data

4.3.1 Hydrodynamics and Sediment Suspension
Ralph was deployed on the crest of a sand ridge from 28 January to 24 March of 1997. The pressure,
velocity, and OBS data were logged for a 15 minute duration every 2 hours at a frequency of 5 Hz.

Corresponding to these data bursts, the four ABS logged data for 1 minute duration at the frequency of 1 Hz
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Fig. 13 Time-series plots of (a) mean current and its direction, and (b) mean water depth (lower
panel), for the S4 meter of SI97a deployment.
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every 2 hours. Similarly, the Imagenex profiler and sonar scanned the seabed for 3 minutes at the beginning
of each data burst. The super 8 camera was replaced by the DULCE digital camera in this deployment to
obtain seabed photographs continuously in 20 minute intervals. Ralph recorded good data from 10:00 GMT
on 28" January to 10:00 GMT 19" February for a total of 266 data bursts.

The same procedures and programs as described in section 3.3.1 were used to process the Ralph data
collected in this deployment. The burst-averaged data of h, us,, Cy, H, T,, W, and obs1 of SI97a Ralph
deployment are listed in Appendix 3. The time series of h, usy, H, T,, and obs1 are plotted in Fig. 14. Ralph
recorded one spring and two neap tides in this deployment (Fig. 14a). The peaks of the mean velocity us,
ranged from 20 to 40 cr/s (Fig. 14b). One major storm and four minor events were recorded by Ralph (Figs.
14c and 14d). The peak significant wave height H; reached about 3 m and the mean wave period was about
13 s for the major storm. The time series plot of obs1 data in Fig. 14e shows gradual drift of the OBS sensor,
but some correlation with the peaks of the mean current and significant wave height can be seen.

The time series of burst-averaged mean velocity us, its direction Cg, and the maximum
instantaneous velocity u,, are plotted in Fig. 15 for SI97a Ralph data. The peaks of the mean current ranged
from 20 to 40 cm/s and they were dominantly to the N, NE or S, SW. The peak values of the maximum
instantaneous velocity u,,,, however, ranged from 80 to 130 cr/s (Fig. 15d). These are again about 3 times
higher than that of the mean current speed. The durations, peak values of u,,,, and their directions are listed
below for the storms in the SI97a data set:

storm 1, DO28H22 to DO30H06, u,,, = 80 cm/s, direction is to 116°

storm 2, D031H20 to D033H14, u,,,, = 129 cm/s, direction is to 359°

storm 3, DO37HO00 to DO38H12, u,,,, = 102 cm/s, direction is to 220°

storm 4, D041H04 to DO41H16, u,,,, = 115 cm/s, direction is to 307°

storm 5, DO36H06 to DO48HO2, u,,,, = 111 cm/s, direction is to 200°
Figs. 13 and 15b indicate that the mean current speeds at the ridge crest and lower lee flank were of similar
magnitude (20 to 40 cm/s) and they were generally to the N, NE or S, SW. This agrees with what was found
in the SI96a data set.

Four sediment traps were attached to Ralph at the following heights above the seabed: trapl at 0.30
m, trap2 at 0.56 m, trap3 at 1.00 m and trap4 at 1.56 m. The lower three traps collected a small amount of
suspended sediment, while the top trap was empty. This suggests that resuspension of sediment did not reach
the height of 1.56 m during the storms recorded in the SI97a Ralph deployment in 32 m water depth. The
mean grain size D (mm) and sorting coefficient (¢) of the sediment samples collected by these traps are listed

in Table 6. The mean grain size of these composite samples is coarsest at the lowest sediment trap
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Fig. 14 Time series plots of water depth h, mean velocity u, significant wave height
H_, mean wave period T, and obs1 reading for the SI97a Ralph deployment.
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Table 6 Mean grain size D and sorting coefficient of SI97a Ralph sediment trap samples.

Trap number  Height (m) D (mm) Sorting (¢)
trap 1 0.30 0.40 0.95

trap 2 0.56 0.33 0.73

trap 3 1.00 0.23 0.54

trap 4 1.56 no sample

(D = 0.40 mm, 0.30 m above the seabed) and decreases to 0.33 mm at 0.56 m height and to 0.23 mm at 1.0
m height, suggesting finer suspended sediment at heights further away from the seabed. As the mean grain
size of suspended sediment decreased with increasing sediment trap height, the sorting of the suspended

sediment improved (seéTable 6).

4.3.2 Bedform and Bed Elevation Change

Following the procedures described in section 3.3.2, the roll/pitch data, ABS data and the images
recorded by the Imagenex profiler and sonar were analysed to evaluate bedform development, seabed
erosion and mobile layer depth during storms for the SI97a Ralph deployment. The roll and pitch data of the
SI97a Ralph deployment are plotted against the Julian day in Fig. 10b. As found for the SI96a data, Fig. 10b
shows that the roll and pitch of Ralph did not change dramatically during this deployment. There was,
however, a gradual decrease of about 2° in both roll and pitch of the Ralph frame. The maximum uncertainty
of measured seabed elevation caused by this tilt was less than 5 cm. The ABS data for the SI97a Ralph
deployment are plotted in Fig. 16. All 4 ABS sensors show a similar pattern of seabed elevation change: the
initial bed was about 130 cm from the ABS sensors (140 cm to ABS1, probably because it was over a
bedform trough). The seabed rose 10 to 20 cm during the first storm around Day029 and rose another 20 cm
during the second storm at Day032. After a drop of about 10 cm following the decay of the second storm,
seabed stayed roughly constant until the onset of the third storm at Day037, which caused a moderate drop
of about 15 cm. The seabed experienced another small drop (5 cm) due to storm 4 at Day041. Finally at the
end of the deployment, the seabed was raised about 15 cm due to the passage of the fifth storm. Thus the
ABS data suggest the following possible maximum bedform heights: 20 cm for storm 1, 23 cm for storm 2,
15 cm for storm 3, about 5 cm for storm 4 and 15 cm for storm 5.

The Imagenex sonar worked perfectly in this deployment providing 270° coverage of the seabed and
the profiler also worked well. Example profiler and sonar images are shown in Fig. 17. Again, the height of
the profiler image in Fig. 17a is about 130 cm and the diameter of the sonar image in Fig. 17b is 40 m with
the top of the image pointing about 350° from magnetic North. Fig. 17a shows a maximum bedform height

of 27 cm, while Fig. 17b displays dominant bedforms of about 1.7 m wavelength oriented 100° from the
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Fig. 17 Examples of the Imagenex (a) profiler and (b) sonar images collected in SI97a Ralph
deployment. :
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magnetic North. Bed elevation changes and bedform parameters derived from the Imagenex profiler and
sonar data are listed in Table 7 for each of the 5 storms recorded by Ralph in SI97a deployment. The peak
significant wave height in storm 1 was 1.6 m. Large wave ripples developed with a wavelength of 1.8 m. The
maximum bedform height was measured at 0.11 m. But the recorded maximum bed elevation change was
about 0.11- 0.12 m, thus the estimated maximum mobile layer depth is about 0.11 m. Storm 2 was the
strongest of the 5 storms in the deployment. H, reached as high as 2.9 m (Table 7). The measured maximum

bed elevation change was 0.17 m. The maximum bedform height was 0.27 m and bedform wavelength was

Table 7 Estimated bed-elevation changes and bedform parameters in the storms
of SI97a Ralph deployment.

DayHour H;, (m) Munax () A (m) E (m) E, (m)
storm 1

D029HO00 1.5 0.06 1.81 1.19 1.16
D029H04 1.6 0.04 1.13 1.11
D029HO06 0.8 0.11 1.08 1.04
storm 2

DO31H20 0.9 0.11 1.09

DO032HO00 2.1 0.08 1.02

D032HO06 2.9 0.13 1.01 0.97

DO032H10 2.9 0.13 1.60 0.92

DO032H12 2.0 0.16 1.69 0.93

DO032H18 1.8 0.27 1.70 0.96

DO033H04 1.0 0.14 1.76 0.95

storm 3

D037HO02 0.9 0.10 2.02 0.97

D037HO8 1.5 0.11 0.97

D037H10 1.8 0.10 0.98

D037H12 1.7 0.14 1.94 0.99

DO37H18 1.3 0.14 0.99

DO038H10 0.9 0.15 1.00

storm 4

D0 41HO04 1.0 0.13 1.01

D0 41HO06 1.8 0.12 1.00

D0 41H10 1.2 0.16 1.03

storm 5

DO 46HO8 1.3 0.15 0.72 1.03

DO 46H12 1.5 0.16 1.02

DO 46H14 1.6 0.24 0.87 0.99

DO 46H20 2.0 0.16 1.96 0.89

DO 47HO0 2.0 0.22 1.81 0.94

1.76 m. The estimated maximum mobile layer depth is about 0.17 m. The measured bedform height and

wavelength data in Table 7 again show that the largest bedforms developed during the decay of the storm,
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not at the peak of the storm. The peak significant wave height of storm 3 reached 1.8 m. The maximum
bedform height was 0.15 m and bedform wavelength was at 2.02 m, though bed elevation change was only
about 0.03 m. The maximum mobile layer depth is thus estimated to be 0.08 m. Again, the largest bedforms
seem to form toward the latter part of the storm. The intensity of storm 4 is similar to that of storm 1 and H;
only reached 1.8 m. The maximum measured ripple height was 0.16 m and the maximum bed elevation
change was 0.03 m. Bedform wavelength could not be measured for this storm. The maximum mobile layer
depth is estimated at 0.08 m. The last storm of the SI97a deployment was of moderate intensity in which H,
reached about 2 m (Table 7). The maximum measured bedform height and wavelength were

0.24 mand 1.96 m, respectively. The detected maximum bed elevation change was 0.14 m. So the estimated

maximum mobile layer depth will be 0.14 m.

4.4 Predictions By SEDTRANS96

The mean grain size D was 0.40 mm at the SI97a site. This value, the mean ripple height of 1.4 cm,
mean ripple wavelength of 12.2 cm, bed slope B = 0, sediment density p, of 2.65 g/cm’, fluid density p of
1.025 g/cm?, together with the wave and current data in Appendix 3, were used to run the sediment transport
model SEDTRANS96. The model outputs are again divided into two parts: Appendix 4A lists the predicted
bottom boundary layer parameters and Appendix 4B gives the predicted ripple height, ripple wavelength,
and the magnitude and direction of predicted sediment transport. Definitions of the parameters in Appendices
4A and 4B are the same as that in section 3.4 for SI96a predictions. Appendix 4B shows that using the
Einstein-Brown bedload formula, the peak values of the predicted bedload transport rates during storms were
about 0.006 kg m™ s and were to the N, NW or S, SW. The maximum predicted suspended load transport

rates were around 0.003 kg m™' ™.

5. DATA FROM SI97B DEPLOYMENT

5.1 General Description of Deployment

Ralph and two S4 wave-current meters were deployed at this site about 2.5 km to the south of Sable
Island (Fig. 1) from 9 to 12 April of 1997 on the Hudson 97001 cruise. Ralph was deployed at 43° 54.27'N,
60° 02.69'W in 31 m water depth on the crest of a sand ridge. One S4 meter (S4A) was deployed at 43°
50.60N , 60° 02.98'W in 45 m water depth and the other (S4B) was deployed at 43° 47.98'N, 60° 02.69'W
in 55 m water depth. The geomorphological locations of the two S4 meters were not defined.

One IKU grab sample was collected at the Ralph site and it shows that the bottom sediment was
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composed of well sorted (sorting coefficient 0.45¢) fine sand with mean grain size of 0.23 mm. Bottom

sediment samples were not obtained from the two S4 deployment sites.

5.2 S4 Wave-Current Meter Data

The two S4 wave-current meters were again programmed to burst sample for 5 minute duration every
hour at a frequency of 1 Hz. A single OBS sensor was also attached to the deeper water S4 meter (S4B) at
20 cm above the seabed to continuously record 16 s averages of suspended sediment concentration. S4A
recorded data from hour 9:24 of 9 April to hour 12:29 of 12 April for 75 data bursts. S4B recorded data from
9:28 of 9 April to 12:31 of 12 April also for 75 data bursts. The 30 s average mean velocity, direction of this
mean flow, and water depth are plotted in Fig. 18 for S4A meter and in Fig. 19 for S4B meter. The depth and
mean velocity data from both S4 meters demonstrate semi-diurnal tide of roughly 1 mrange. The peak mean
current speeds reached about 25 cm/s at S4A site with directions predominantly to the N, NW or E-SE. At
the deeper site (S4B), the peak mean current speeds were generally smaller (around 15 cm/s) and the mean
flow were generally to the N, NW or S, SE. The suspended sediment concentration (in sensor output voltage)
measured by the OBS on the S4B meter is plotted in Fig. 20. It shows three small suspension events roughly
at 10, 11 and 12 April which approximately corresponded with peaks of the mean current speed.

Sediment trap data for the two S4 meters were not available.

5.3 Ralph Data

5.3.1 Hydrodynamics and Sediment Suspension

Ralph was deployed on the crest of a sand ridge from 9 to 12 April 1997. The pressure, velocity, and
OBS data were logged for a 15 minute duration every hour at a frequency of 5 Hz. Corresponding to each
data burst, the four ABS logged data for 1 minute duration at the frequency of 1 Hz every hour. Similarly,
the Imagenex profiler and sonar scanned the seabed for 3 minutes at the beginning of each data burst. The
DULCE digital camera took a seabed photograph every 20 minutes. Ralph recorded good data from 13:00
GMT on 9 April to 13:00 GMT on 12 April for a total of 73 data bursts.

The Ralph data were processed following the same procedures and programs as described in section
3.3.1. The burst-averaged data of h, us,, Cy;., H,, T,, Wy, and obs1 of the SI97b Ralph deployment are listed
in Appendix 5. The time series of h, us, H, T,, and obs] are plotted in Fig. 21. Similar to the S4 data in Figs.
18 and 19, the depth data recorded by Ralph show semi-diurnal tidal oscillation of 1 mrange (Fig. 21a) and

the peak mean current was about 25 cm/s (Fig. 21b). The significant wave height was generally less than
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Fig. 18 Time-series plots of (a) mean current and its direction, and (b) mean water depth (lower
panel) for the S4A meter of SI97b deployment.
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Fig. 19 Time-series plots of (a) mean current and its direction, and (b) mean water depth (lower
panel) for the S4B meter of SI97b deployment.
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Fig. 20 Time series plot of the OBS data on the S4B meter of SI97b deployment.
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0.6 m and wave effects were weak (Fig. 21¢). The time series plot of the obs1 data (Fig. 21e) only shows one
weak resuspension event at the beginning of the deployment. This probably corresponded to the first peak
of the mean current around day 100.

The time series of burst-averaged mean velocity us, its direction Cg, and the maximum

instantaneous velocity u,,,, are plotted in Fig. 22 for the SI97b Ralph data. As shown in Fig. 21, the peaks

of the mean current ranged from 10 to 25 cm/s and they were dominantly to the NE and SW. Though there
was no storm event in this deployment, Fig. 22d shows that the peaks of the maximum instantaneous velocity
u,,., reached about 50 cm/s, suggesting that wave orbital velocity was still roughly equivalent to the mean

current speed.

Ralph sediment trap data were not available.

5.3.2 Bedform and Bed Elevation Change

The time series of the roll and pitch data for the ST97b Ralph deployment is plotted in Fig. 10c. As
found in previous data sets, Fig. 10c shows nearly constant roll and pitch of Ralph for the entire duration and
indicates stability of the Ralph frame throughout this short deployment. The ABS data of the SI97a Ralph
deployment are plotted in Fig. 23. Due to the absence of any storm event in the SI97b deployment, all 4 ABS
sensors show steady seabed elevation around 130 cm from the sensors and only small (1-2 cm) variations
of seabed elevation were recorded. These were most likely caused by the migration of small ripples on the
seabed. Indeed, the digital DULCE seabed photos showed that the seabed was covered by current-dominant
or combined wave-current (Li and Amos, 1998) ripples for most time of the deployment duration. These
ripples on average were about 10 to 15 cm in wavelength and mobile (in bedload transport) corresponding
to the moderate mean current and wave oscillations.

Because of the low-energy condition in the SI97b deployment, the Imagenex sonar images were
generally featureless. The profiler images did show small-scale bedforms, but these were too small to
determine the bedform heights. Given our current focus on large-scale bedforms and mobile layer depth in

storms, these images were not further analysed in this report.

5.4 Predictions By SEDTRANS96

The bottom sediment at the SI97b site was fine sand of a mean grain size D = 0.23 mm. This value,
the wave and current data given in Appendix 5, and the values of the mean ripple height, ripple wavelength,
bed slope, sediment and flow density as defined in section 3.4 were used in SEDTRANS96 to predict the

bottom boundary layer and sediment transport parameters for this deployment. Appendix 6A lists the
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predicted bottom boundary layer parameters and Appendix 6B gives the predicted ripple height, ripple
wavelength, and the magnitude and direction of predicted sediment transport. Appendix 6B shows that due
to the low energy conditions in the SI97b deployment, the peak values of the predicted bedload transport
rates were only about 0.0003 kg m™ s and were dominantly to the N, NE or S, SW. Sand suspension only
occurred once toward the end of the deployment. Because of the finer grain size of the bottom sediment, the
maximum predicted suspended load transport rates reached 0.008 kg m™ s, which was more than 1 order

of magnitude higher than the peak bedload transport rate.

6. DATA FROM SI97C DEPLOYMENT

6.1 General Description of Deployment

At the end of the Hudson 97001cruise, Ralph and the two S4 wave-current meters were redeployed
(12 April, 1997) at a site about 34 km to the west-southwest of Sable Island (Fig. 1). Ralph was deployed at
43° 56.03'N, 60° 37.77'W in 42 m water depth in a trough of sand ridges. The first S4 meter (S4A) was
deployed at 43° 56.56'N, 60° 35.01'W in 28 m water depth on the upper lee flank of the sand ridge, and the
second S4 meter (S4B) was deployed at 43°56.28'N, 60° 35.58'W in 31 m water depth on the brink of the
lee flank. All three instraments were recovered on 29 May 1997.

No bottom sediment samples were collected at the Ralph and S4 sites of this deployment. Sediment
trap samples on Ralph, as listed in Table 8, show that the bottom sediment was probably composed of
moderately sorted fine sand. The first layer of suspended sediment (from O - 4 cm height of the sediment trap
sample) had an average mean grain size of 0.23 mm and an average sorting coefficient of 0.72¢. These were

taken as the characteristics of the bottom sediment at the SI97¢ Ralph deployment site.

6.2 S4 Wave-Current Meter Data

The two S4 wave-current meters were programmed to burst sample for 3 minute durations every 2
hours at a frequency of 1 Hz. A single OBS sensor was attached to the deeper water S4 meter (S4B) at 20
cmabove the seabed to continuously record 16-s average of suspended sediment concentration. S4A recorded
data from hour 13:19 of 12 April to hour 15:21 of 29 May 1997 for 566 data bursts. S4B recorded data from
13:26 of 9 April to 13:28 of 29 May 1997 for 564 data bursts. The 30 s average mean velocity, direction of
this mean flow, and water depth are plotted in Fig. 24 for the S4A meter and in Fig. 25 for the S4B meter.
The depth data from both S4 meters demonstrate the occurrence of three neap and three spring tides. The

peak mean current speed reached about 45 cm/s at the S4A meter and the directions were dominantly to the
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Fig. 24 Time-series plots of (a) mean current and its direction, and (b) mean water depth (lower
panel) for the S4A meter of SI97c deployment.
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Fig. 25 Time-series plots of (a) mean current and its direction, and (b) mean water depth (lower
panel) for the S4B meter of SI97c deployment.
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N and NE. The peak mean current speeds at S4B were slightly smaller, reaching about 35 cm/s and the
directions were generally to the NE, SW. The OBS data were not available.
Sediment traps were again attached to the two S4 meters. The sediment samples recovered from these

traps have not been analysed yet.

6.3 Ralph Data

6.3.1 Hydrodynamics and Sediment Suspension

Ralph was deployed in the trough of sand ridges from 12 April to May 29 of 1997. The pressure,
velocity, and OBS data were again logged for a 15 minute duration every hour at a frequency of 5 Hz.
Corresponding to each data burst, the four ABS logged data for 1 minute duration at 1 Hz every hour.
Similarly, the Imagenex profiler and sonar scanned the seabed for 3 minutes at the beginning of each data
burst. The DULCE digital camera took a seabed photograph every 20 minutes. Ralph recorded good data
from 20GMT on 12 April to 20GMT on 27 April 1997 for a total of 361 data bursts.

The Ralph data were processed following the same procedures and programs as described in section
3.3.1. The burst-averaged data of h, usy, C;,, H, T,, Wy, and obs2 of the SI97c Ralph deployment are listed
in Appendix 7. The time series of h, usy, H,, T,, and obs2 are plotted in Fig. 26. Similar to the S4 data in Figs.
24 and 25, the depth data recorded by Ralph show semi-diurnal tidal oscillation of 1 m range (Fig. 26a). The
maximum peak mean current was about 35 cm/s (Fig. 26b), comparable to that of the S4 current meter data.
Three storm events occurred (Figs. 26¢ and 26d). The significant wave height ranged from 1 to 2 m and the
wave periods were from 10 to 12 s during these storms. The time series plot of the obs2 data (Fig. 26e; obs1
malfunctioned) shows correlations with the peaks of us, and H; only to some degree and the response to the
passage of the first storm was very weak.

The time series of burst-averaged mean velocity ug, its direction Cy,, and the maximum
instantaneous velocity u,,,, are plotted in Fig. 27 for SI97¢ Ralph data. As shown in Fig. 26, the peaks of the
mean current ranged from 10 to 35 cm/s and they were dominantly to the N, NE and S, SW. The mean
velocity seemed to have been suppressed during the storms (e.g., on days 104 - 105 and 110). Fig. 27d shows
that the peaks of the maximum instantaneous velocity u,,, reached about 80 cm/s during the storms. These
are 2-3 times higher than the mean current. The durations, peak values of u,,, and their directions for the
storms in the SI97a data set are listed below:

storm 1, D104H04-D105H06, u,,,, = 81 cm/s, direction is to 206°
storm 2, D109H10-D111HO06, u,,,, = 80 cm/s, direction is to 24°
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storm 3, D115H19-D116H04, u,,, = 63 cm/s, direction is to 38°

As found in SI96a and SI97a deployments, the comparison of Figs. 24, 25 and 27 suggests that that the mean
current speed in the trough (measured by Ralph) again did not differ significantly from that at the upper lee
flank of the sand ridge for the SI97¢ deployment (35 to 45 cm/s) and that they were generally to the N, NE
or S, SW.

The Ralph sediment traps were at the heights: 0.30 m, 0.48 m, 0.60 m and 1.00 m above the bottom.
Only the suspended sediment collected by the lowest trap has been processed. The total length of the
sediment trap sample was 18 cm, indicating that significant resuspension had occurred during this
deployment. The mean grain size D (in mm) and sorting coefficient (in ¢) at different heights of the sediment
trap sample are listed in Table 8. The height again is upward from the bottom of the sediment trap. Three
layers of suspended sediment can be defined corresponding to the three storms shown in Fig. 26¢: the first
Jayer from O to 4 cm, the second layer from 5 to 12 cm and the third layer from 14 cm to 18 cm. The first
layer demonstrates an upward-fining trend in sediment mean grain size. The second layer shows a complete

resuspension cycle due to a storm passage: The mean grain size of suspended sediment was initially finer

Table 8 Mean grain size D and sorting coefficient of SI97¢ Ralph sediment trap sample.
Sediment trap sample at 0.3 m height; total length 18 cm.

Height (cm) D (mm) Sorting (¢)
0.5 0.24 0.47
2.5 0.22 0.69
35 0.22 0.99
5.5 0.22 0.98
7.5 0.24 0.66
8.5 0.26 0.81
9.5 0.24 0.82
11.5 0.25 0.63
14.5 0.23 0.78
17.5 0.25 0.68
average: 0.24 0.75

corresponding with the start of the storm (0.22 mm to 0.24 mm at 5.5 and 7.5 cm heights), reached the
maximum roughly at the middle of the layer (0.26 mm at 8.5 cm height) corresponding to the peak of the
storm, and then decreased again as the storm waned (0.24 mm at 9.5 cm height). During the passage of the
third storm, the sediment trap was completely filled up. Thus the last layer of the sediment trap sample
recorded only the build up (mean grain size of 0.23 mm at 14.5 cm height) and the peak of the storm (0.25

mm at 17.5 cm height).
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6.3.2 Bedform and Bed Elevation Change

The time series of the roll and pitch data of the SI97c Ralph deployment is plotted in Fig. 10d.
Similar to previous data sets, Fig. 10d shows steady roll and pitch of Ralph with only a drift of less than half
a degree for the entire duration. This indicates a stable Ralph frame in this deployment. The ABS data of the
SI97¢ Ralph deployment, plotted in Fig. 28, show significant bed elevation changes corresponding to the
passage of several storms. At the early stage of the deployment (days 103 to 104), the seabed was covered
by small active ripples of 2-3 cm height. As the first storm approached, data from ABS1, ABS2 and ABS3
show that the seabed was first raised about 14 cm, dropped slightly after the peak of the storm and stayed
roughly constant after that. ABS4 data show that seabed was raised only about 10 cm in the first storm. These
changes of 10 to 14 cm probably were caused by the migration of large-scale bedforms of 10-15 cm height.
Seabed responses to the second storm (around day 109.5) were complex. The bed elevation under ABS1 and
ABS4 first dropped about 10 cm and 4 cm respectively. The seabed then rose about 12 cm and stayed roughly
steady after that. In contrast, the data from ABS2 and ABS3 show that seabed first dropped about 10 cm and
then quickly recovered from drop before another 10 cm fall which was followed by approximately steady
seabed elevations. The seabed responses to the third storm were variable with ABS2 and ABS3 showing a
5 c¢m rise and ABS 1 showing a drop of about 8 cm. The seabed generally experienced secondary bed
elevation changes of about 4 cm and 2 cm during the fair weather periods between storms (days 105-109 and
days 111 - 115).

The Imagenex profiler and sonar both worked well in this deployment. Example profiler and sonar
images are shown in Fig. 29. Again, the height of the profiler image in Fig. 29a is about 130 cm and the
diameter of the sonar image in Fig. 29b is 40 m with the top of the image pointing about 3° from magnetic
North. Fig. 29a shows a maximum bedform height of 18 cm, while Fig. 29b depicts dominant bedforms of
about 1m wavelength oriented 120° from the magnetic North. Bed elevation changes and bedform parameters
derived from the Imagenex profiler and sonar data are listed in Table 9 for each of the 3 storms recorded by
Ralph in SI97a deployment. The peak significant wave height in storm 1 was 1.6 m. Large wave ripples
developed with average wavelength of 0.88 m. The maximum bedform height was measured at 0.22 m,
though the seabed elevation over bedform crests (E,) did not change much. Thus the estimated maximum
mobile layer depth is about 0.11 m. The peak significant wave height in Storm 2 was slightly higher, reaching
1.8 m (Table 9). The largest bedforms again developed during the decay of the storm (D109H20, H; of 1.4
m): maximum ripple height reached 0.19 m and wavelength reached 1.02 m. The maximum bed elevation
change was only 3 cm. So the estimated maximum mobile layer depth is about 0.1 m. The third storm had

a significant wave height of 1.2 m. The maximum measured bedform height was 0.11 m and the
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Fig. 29 Examples of the Imagenex (a) profiler and (b) sonar images collected in SI97¢ Ralph
deployment.
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Table 9 Estimated bed-elevation changes and bedform parameters in the storms
of SI97¢c Ralph deployment.

DayHour H, (m) Minax (1) A (m) E (m) E, (m)
storm 1

D104H12 1.5 0.20 0.74 1.05
D104H14 1.6 0.21 0.74 1.04
D104H17 1.4 0.22 0.88 1.04
storm 2

D109H14 1.6 0.17 0.97 1.13 1.07
D109H16 1.8 0.18 0.88 1.12 1.06
D109H19 1.7 0.17 1.00 1.15 1.09
D109H20 1.4 0.19 1.02 1.15 1.09
storm 3

D115H20 1.0 0.11 0.97 1.07 1.12
D115H22 1.2 0.10 0.94 1.07 1.12
D116H00 1.0 0.10 0.94 1.08 1.12

maximum average wavelength was 0.97 m. Bed elevation did not show any change. The estimated maximum

mobile layer depth will be 0.06 m.

6.4 Predictions By SEDTRANS96

The mean grain size D was 0.23 mm at the SI97c¢ site. This value, the parameters of mean ripple
height, ripple wavelength, bed slope, sediment and flow densities as defined in section 3.4 and the wave and
current data listed in Appendix 7 were used to run the sediment transport model SEDTRANS96. The model
outputs are again divided into two parts: Appendix 8A lists the predicted bottom boundary layer parameters
and Appendix 8B gives the predicted ripple height, ripple wavelength, and the magnitude and direction of
predicted sediment transport. Definitions of the parameters in Appendices 8A and 8B are the same as that
in section 3.4 for SI96a predictions. Appendix 8B shows that using the Einstein-Brown bedload formula, the
peak values of the predicted bedload transport rates during storms were about 0.0007 kg m' s and were
generally to the N, NE or S, SW. The maximum predicted suspended load transport rates, however, reached
as high as 0.02 kg m' s™! for the fine sand sediment at this site. This is almost two orders of magnitude higher

than the predicted bedload transport rates.

7. PREDICTIONS OF MOBILE LAYER DEPTH DURING STORMS
A total of 9 storms were recorded in the four Ralph/S4 deployments in 1996 and 1997. Seabed
elevation changes, maximum bedform heights and wavelengths were measured for these storms. These data

can be used for a preliminary evaluation of mobile layer depth as function of storm intensity which is of
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interest to Mobil as well as to the design and safe operation of other offshore installations. Table 10 lists the
estimated maximum mobile layer depth as well as the hydrodynamics parameters of the 9 storms recorded
in the four deployments. Water depth h is in m, mean grain size D is in mm, mean velocity us, and nearbed
wave orbital velocity u, are both in cm/s, significant wave height H, is in m, mobile layer depth dy; is in cm,
M is the dimensionless wave mobility number defined as pu,/(p-p)ED, Tews = Plseys. 1S the skin-friction
combined bed shear stress in N/m?, 0, = T, /(p~p)gD is the dimensionless Shields parameter, and dy,/D is

the normalized mobile layer depth.

Table 10 Summary of hydrodynamic parameters and estimated maximum mobile layer depths
for the storms recorded in all the 1996/97 deployments.

Storm h D us, H, u, M Tews 0. du duwD
D333H04 198 039 200 193 448 33.1 151 0.240 14 359
D029H04 30.2 040 7.8 154 277 123  0.56 0.087 11 275
D032H10 30.8 0.40 1.2 289 600 579 173 0272 17 425
DO37H10 307 040 379 170 340 186 140 0.219 8 200
D041HO6 306 040 325 1.80 374 225 138 0.217 8 200
D047HO0 31.1 040 256 195 373 224 L.15 0.181 14 350
D104H14 403 0.23 22 161 252 17.8 034 0.093 11 478
DI0O9H16 40.0 0.23 39 179 254 181 036 0.099 10 435
DI115H22 403 023 143 118 203 115 031 0.086 6 261
Ca 0.83 078 079 0.51 0.51

Co, 040 0.15 037 -023 -0.14

Table 10 shows that H, of the recorded storms ranged from 1.2 m to 2.9 m in water depths from 20
m to 40 m. The measured mobile layer depth ranged from 6 cm to 14 cm over fine sand (D = 0.23 mm) and
medium sand (D = 0.39 and 0.40 mm) bottom sediments. As an initial step, two correlation coefficients were
calculated and listed in the last two rows in Table 10: C,, is the correlation coefficient between various
hydrodynamic parameters and the mobile layer depth d,,;, and C,, is the correlation coefficient between the
hydrodynamic parameters and the normalized mobile layer depth d,,/D. Firstly, the significant wave height
H, gives the highest correlation coefficient with dy, (at 0.83). The values of C,, for the nearbed wave orbital
velocity u, and wave mobility number M are slightly lower, respectively at 0.78 and 0.79. Since H, only
represents wave height, and u, and M both include the effect of water depth, this seems to suggest that water
depth is not critical in affecting the mobile layer depth during storms (at least for the storm conditions in our
deployments). Secondly, the skin-friction combined shear stress T, and Shields parameter 0., both
incorporate the effect of wave-current interaction under combined flow conditions. Their correlation
coefficients with d,, are substantially lower than that of H, u,, or M which only represent the wave energy

level. This may indicate that due to the predominance of waves over steady currents during storms, effects
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of wave-current interaction are not relevant to the estimation of mobile layer depth. C,, values in the last row
of Table 10 are the correlation coefficients between various hydrodynamic parameters and d,/D, the mobile
layer depth normalized by sediment grain size. These values are much lower than those with just the mobile
layer depth and seem to suggest that bottom sediment grain size is also not significant in affecting the mobile
layer depth during storms.

The significant wave height and the mobile layer depth data given in Table 10 are plotted in Fig. 30.
Though there is some scatter in the data, Fig. 30 clearly shows a trend of increasing mobile layer depth with
the increase of H,. The least-square linear regression of the data in Fig. 30 gave the following empirical

relationship:
dy = 0.061H; (1? = 0.64) ¢8;

where H, and d,, both are in metres. The peak significant wave height during typical winter storms on SIB
can reach about 8 m. For this, equation 1 predicts a maximum mobile layer depth of about 0.5 m which is
in general agreement with the estimates from IKU grab core peels (Hudson Cruise 96-029 report and Amos,
et al., 1999) and cone penetrometer data (Forsythe, 1998). Nevertheless equation 1 is only based on limited

data and needs to be calibrated with more data from stronger storms over wider range of water depths.

8. SUMMARY

In this GSCA-Mobil joint project, the upgraded Ralph platform and S4 wave-current meters were
deployed at four locations on Sable Island Bank in 1996/97 to study the stability of large scale bedforms,
seabed scouring and mobile layer depth during storms. The four deployments are respectively SI96a from
26 November to 6 December of 1996, SI97a from 28 January to 24 March of 1997, SI97b from 9 April to
12 April of 1997, and SI97c from 12 April to 29 May of 1997. The water depths of these deployments ranged
from 20 m to as deep as 55 m, and the bottom sediments were mostly fine sand (mean grain size of 0.23 mm)
and medium sand (mean grain size of 0.39 - 0.40 mm). A total of 9 storms were recorded in these
deployments. The peak significant wave height ranged from 1.2 to 2.9 m and the mean wave periods were
generally from 9 s to 13 s during these storms.

The mean current data from these deployments show that depending on the relative direction between
tidal and wind-driven currents, storms can significantly enhance or suppress the mean flow velocity on SIB.
When the wind-driven current is roughly parallel with the tidal current, the mean current speed us, can be

increased from 25 - 30 cr/s during non-storm periods to 40 - 50 cn/s during storms. In contrast to the mean
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currents, the instantaneous nearbed velocity often reached 80 to 130 cim/s during the storms recorded in these
deployments. These values are 2 to 4 times higher than that of the mean current. The impact force on offshore
installations and the effect on sediment transport by these strong instantaneous flows need to be evaluated.
Ralph and S4 meters in SI96a, SI97a and SI97c deployments were strategically placed at different locations
across a sand ridge in order to evaluate flow dynamics across sand ridges on SIB. These simultaneous data
seem to suggest that the magnitude and direction of the peak mean current did not change significantly from
the ridge crests to the upper and lower lee flank of sand ridges, though the nearbed maximum instantaneous
velocity in the ridge trough (lower lee flank) was generally lower than that at the crest or upper lee flank of
a sand ridge.

The qualitative OBS data from Ralph and S4 meters indicate that there was a general agreement
between the resuspension events and the peaks of wave height or mean current speed. However, the response
of sand resuspension to a storm at different sites and that to different storms at the same site can be variable.
Water depth, morphological location on sand ridges, bedform development as well as bottom sediment grain
size distribution can be speculated as possible causes. But further studies are needed to resolve these issues.
Catchment sediment traps attached on Ralph and S4 meters proved to be an effective way to collect
composite resuspension sediment samples and record resuspension events during storms. Analyses of these
sediment trap samples show that the amount and mean grain size of the resuspended sediment decreased with
the increase of the sediment trap height above the sea floor. The sorting of these resuspended sediment
increased as well. The maximum height reached by the resuspension events was less than 1.5 m above the
seabed for the storm conditions recorded in these deployments. Layers in the sediment trap samples, defined
by grain size variations, reflect resuspension events during storms. Each layer generally shows finer grain
size at the bottom corresponding to the onset of the storm, then reaching the maximum grain size formed at
the peak of the storm, and finally a decrease of grain size resulted from the decay of the storm.

The newly-added Imagenex profiler and sonar performed very well during these deployments.
Seabed profiles and images recorded by these sensors, together with the seabed elevation changes recorded
by the ABS sensors, proved to be powerful in situ methods to monitor seabed scour and estimate mobile layer
depth during storms on SIB, issues of critical interest to Mobil and SOEP. Analyses of Ralph roll and pitch
data show that the Ralph frame was stable during storms and the vertical error caused by the tilt and/or sink
of Ralph was generally less than 5 cm. Bedform heights derived from the Imagenex profiler data were in
general agreement with those obtained from ABS data. This confirms the applicability of these sensors to
in situ monitoring/measurements of seabed scour and bedform height in otherwise hostile continental shelf

environments. The combined ABS, Imagenex profiler and sonar data indicate that the maximum seabed
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elevation change reached 25 cm and medium scale bedforms were generated with maximum height of about
30 cm and wavelength of 2 m for the storm conditions recorded in these deployments (maximum significant
wave height 2.9 m). The data also showed that the largest bedforms tend to develop during the decay periods
of storms, not at the peaks of storms. The estimated maximum mobile layer depths ranged from 6 cm to 17
cm for the 9 storms in which significant wave height varied from 1.2 m to 2.9 m. Correlation coefficients
between various hydrodynamic parameters and mobile layer depth indicate that significant wave height best
correlates with the estimated mobile layer depth and that water depth, sediment grain size and interaction
between waves and current are less significant. An empirical relationship was derived between maximum
mobile layer depth and peak significant wave height during storms. Though based on limited data, this
relationship predicts maximum mobile layer depth of 0.5 m for typical annual winter storms on SIB. This

is in reasonable agreement with estimates from sediment cores and cone penetrometer data.
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Appendix 1

The burst-averaged data of wave, current and sediment suspension for the SI96a Ralph deployment: burst
number BT, Julian Day (JD) and Hour, water depth (m), mean current speed us, (cim/s), direction of mean
current Cy;, (degree), significant wave height H, (im), mean wave period T, (s), wave propagation
direction Wy, (degree), and relative concentration of suspended sediment (obs1 readings).
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BT JD Hour depth uso Cair Hs T,  Wair obsl
1 331 15 19.82 27.8 128 0.32 139 4 596
2 331 16 1949 256 157 040 124 352 596
3 331 17 1925 251 171 043 122 350 596
4 331 18 19.10 20.8 185 0.39 115 356 595
5 331 19 19.05 139 203 045 11.5 352 594
6 331 20 19.10 11.1 255 048 94 4 594
7 331 21 1937 117 297 053 93 14 594
8 331 22 1970 102 316 055 93 12 594
9 331 23 1999 62 303 053 93 8 594

10 332 0 2022 7.1 197 054 96 4 595
11 332 1 2020 127 195 0.57 102 35 596
12 332 2 2001 245 208 0.61 94 4 594
13 332 3 19.76 30.6 217 0.56 102 360 593
14 332 4 1948 28.0 224 072 89 360 593
15 332 5 1923 247 247 091 85 16 594
16 332 6 19.05 229 264 1.19 8.6 18 594
17 332 7 19.05 204 293 1.07 89 22 594
18 332 8 19.14 223 317 1.16 8.6 22 595
19 332 9 1944 2777 342 1.12 828 22 596

20 332 10 19.73 387 356 1.02 84 24 597

21 332 11 20.08 41.5 4 115 9.2 26 599

22 332 12 2035 270 16 1.11 838 20 600

23 332 13 2044 112 34 1.13 9.2 26 603

24 332 14 2032 48 110 126 93 30 604

25 332 15 20.06 139 176 132 9.1 24 600

26 332 16 19.72 236 189 132 93 20 598

27 332 17 1948 24.1 206 1.41 9.3 24 597

28 332 18 19.25 21.5 236 138 93 24 597

29 332 19 19.17 209 259 163 9.6 26 596

30 332 20 19.12 199 277 1.51 9.3 26 596

31 332 21 19.31 187 308 1775 93 210 596
32 332 22 1949 188 313 189 92 212 597
33 332 23 19.87 150 318 140 9.2 202 597
34 333 0 2022 104 314 167 9.1 204 595
35 333 1 2035 72 289 1.63 92 208 595
36 333 2 2033 139 233 150 88 210 595
37 333 3 20.08 141 235 1.62 88 208 595
38 333 4 1984 200 233 193 &89 216 595

39 333 5 1959 159 259 1.81 9.1 212 596

40 333 6 1944 128 280 1.78 94 210 595

41 333 7 1932 152 311 148 87 224 594

42 333 8 1934 184 322 157 88 216 595

43 333 9 1946 194 338 127 9.0 218 595

44 333 10 19.70 22.6 355 134 9.0 212 595

45 333 11 20.02 335 5 141 93 216 596

46 333 12 20.26 327 13 135 94 222 596
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BT JD Hour depth uso Cdir Hs Tz  Wair obsl
47 1333 13 2054 218 26 129 94 228 597
48 333 14 2051 168 58 138 92 234 599
49 333 15 2032 9.8 102 132 93 234 600
50 333 16 20.06 158 138 123 89 232 600
51 333 17 19.78 162 156 124 95 228 600
52 333 18 19.54 189 168 1.16 9.0 224 597
53 333 19 19.35 157 184 127 89 230 596
54 333 20 1929 105 196 1.18 9.0 214 596
55 333 21 1932 55 257 111 93 234 596
56 333 22 1949 63 308 103 9.0 224 596
57 333 23 19.75 7.2 342 1.00 92 230 596
58 334 0 2006 45 35 100 88 234 597
59 334 1 20.24 1.1 104 1.17 9.0 238 597
60 334 2 2031 104 172 1.00 88 234 597
61 334 3 2023 234 185 1.01 8.6 226 596
62 334 4 1999 26.1 197 1.15 89 236 598
63 334 5 19.76 2477 214 1.08 89 238 596
64 334 6 1953 168 228 097 9.0 232 595
65 334 7 1939 157 247 088 87 232 596
66 334 8 1940 147 288 0.87 88 228 596
67 334 9 1939 129 325 0.78 87 230 597
68 334 10 19.55 203 343 070 89 212 597
69 334 11 1979 30.6 358 0.65 89 214 598
70 334 12 20.05 367 11 0.62 89 226 3597
71 334 13 2034 27.1 21 066 87 224 598
72 334 14 2048 19.1 42 0.60 9.0 228 598
73 334 15 2048 159 78 0.60 9.0 234 597
74 334 16 2027 150 124 057 86 224 599
75 334 17 20.01 212 148 0.57 9.1 218 598
76 334 18 19.77 234 167 049 9.0 224 594
77 334 19 19.56 232 183 0.58 84 226 594
78 334 20 19.43 156 207 059 8.6 226 593
79 334 21 19.39 13.0 237 0.53 8.6 246 594
80 334 22 1946 155 264 048 84 244 596
81 334 23 19.61 150 29 046 89 224 596
82 335 0 19.86 14.6 318 039 98 232 597
83 335 1 2012 11.1 323 043 84 224 597
84 335 2 2031 7.0 285 040 9.5 236 596
85 335 3 2036 66 244 034 109 240 596
86 335 4 2021 11.8 204 037 93 222 595
87 335 5 20.01 11.2 231 037 105 246 596
88 335 6 19.82 13.0 261 031 117 234 598
89 335 7 19.65 162 291 034 122 232 600
90 1335 8 19.55 17.0 312 036 10.8 226 601
91 335 9 1951 19.6 333 033 124 224 600
92 1335 10 19.58 287 351 035 144 202 594
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BT JD Hour depth usp Car Hs T, Wair obsl
93 335 11 19.72 37.6 2 033 126 204 593
94 335 12 1993 41.1 12 039 117 210 592
95 335 13 2023 403 25 035 144 222 593
96 335 14 2040 398 36 032 120 214 596
97 335 15 2047 319 58 031 146 266 596
98 335 16 2038 238 77 039 139 246 597



Appendix 2

Predictions by SEDTRANS96 for SI96a Ralph deployment: (a) bottom boundary layer dynamics
parameters and (b) sediment transport parameters. bt# is the burst number. The boundary layer dynamics
parameters include near-bed wave orbital velocity (u,, m/s), near-bed wave orbital amplitude (A, m),
combined wave-current friction factor (f,,,), skin friction current shear velocity (u.., cm/s), skin friction
wave shear velocity (., cm/s), skin friction combined wave-current shear velocity (U, cm/s), ripple-
enhanced combined wave-current shear velocity (U, c/s), bedload-enhanced combined wave-current
shear velocity (W, cm/s), total current shear velocity (u.,, cm/s), total wave shear velocity (u.,, cr/s),
total combined wave-current shear velocity (u.,,, cn/s), thickness of the wave-current boundary layer
(8.» cm), inner-layer bottom roughness (z,, cm), apparent bottom roughness above the wave boundary
layer (z,., cm). The sediment transport parameters include predicted ripple height (1),, cm), predicted
ripple wavelength (A, cm), mean sediment transport rate of Einstein-Brown bedload method (Q,, kg m!
s, mean suspended load sediment transport rate (Q,, kg m* s), and direction of bedload sediment

transport (Qy.4;.)-
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bt# tb Ap fows Uses  UWiws  U*cws  U*cwe  U*cwb Uk Ukw  Ukew Sew ZQ ZQc
1 0.097 0.214 0.0123 133 111 1.63 262 195 229 231 3.06 541 0.16 0.39
2 0118 0232 0.0122 133 131 185 297 261 243 296 3.81 6.02 0.22 0.73
3 0.127 0.246 0.0122 1.33 137 191 3.06 277 245 317 4.01 6.23 023 084
4 0.112 0206 0.0131 1.11 123 1.65 265 206 193 266 328 481 017 0.67
5 0.130 0.238 0.0137 082 126 148 227 148 141 278 3.08 452 0.16 0.98
6 0.122 0.182 0.0159 066 1.16 124 190 124 112 266 2.75 329 0.15 0.93
7 0.131 0.194 0.0157 069 123 130 198 130 118 282 290 3.43 0.15 0.96
8§ 0.134 0.198 0.0154 0.64 127 137 209 137 1.08 290 3.02 358 0.15 1.16
9 0.127 0.189 0.0161 043 1.18 122 186 122 071 273 277 328 0.15 1.49
10 0.132 0202 0.0153 050 1.24 134 204 134 081 284 295 360 0.15 1.51
11 0.146 0.237 0.0139 079 140 160 3.02 184 148 358 386 501 027 1.63
12 0.148 0.221 0.0131 133 156 203 3.83 312 277 438 514 6.15 043 146
13 0.146 0.238 0.0124 157 158 217 349 343 3.06 391 484 629 030 0.91
14 0.170 0.241 0.0130 150 1.74 221 418 3.60 3283 507 583 6.61 049 156
15 0208 0.281 0.0130 140 197 231 389 394 290 544 595 644 039 165
16 0278 0380 0.0124 1.40 238 259 342 479 256 551 579 634 021 140
17 0259 0.366 0.0130 1.22 214 220 385 3.83 260 6.17 623 7.06 042 217
18 0270 0369 0.0125 137 232 253 348 463 255 556 584 640 0283 1.51
19 0262 0367 0.0119 1.64 239 282 333 525 284 505 567 635 0.16 1.01
20 0224 0299 0.0118 2.08 228 3.04 329 565 353 464 575 6.15 0.15 0.62
21 0272 0399 0.0109 230 264 347 347 6.74 402 548 6.74 789 0.17 0.81
22 0.248 0.347 0.0119 1.62 233 283 335 524 279 492 566 6.34 0.16 1.04
23 0263 0.385 00125 085 222 238 366 423 160 578 599 7.02 031 3.06
24 0298 0441 0.0124 046 236 237 354 433 0.81 6.06 6.07 7.18 0.29 4.68
25 0310 0449 00119 104 256 274 327 521 175 546 570 6.61 0.16 2.10
26 0321 0476 0.0112 156 276 3.16 316 6.18 263 561 6.18 732 0.14 1.38
27 0347 0514 00110 1.62 294 335 335 671 279 610 671 794 0.16 158
28 0344 0509 00112 147 285 3.17 317 627 248 583 6.27 7.43 0.15 1.57
29 0418 0.639 0.0107 1.50 327 349 349 723 264 691 723 884 0.17 2.11
30 0378 0.560 0.0113 1.38 297 310 310 623 234 6.06 623 7.38 0.14 1.66
31 0434 0.643 0.0110 137 328 334 334 700 238 692 7.00 829 0.16 2.17
32 0461 0.675 0.0108 141 346 354 354 755 249 744 755 8.84 018 244
33 0335 0491 0.0118 1.10 2.68 279 3.18 540 184 557 571 669 0.14 1.93
34 0389 0.563 0.0114 0.89 299 304 304 6.17 145 6.11 617 7.15 013 282
35 0381 0.558 0.0116 0.67 291 293 302 588 1.07 589 590 691 013 3.36
36 0336 0470 0.0117 106 274 293 311 575 174 557 581 651 013 2.03
37 0367 0514 00115 1.10 295 313 313 631 183 6.07 631 7.07 0.14 2.28
38 0448 0.635 0.0106 151 354 384 384 823 272 779 823 933 021 265
39 0435 0630 0.0109 126 336 352 352 743 219 720 7.43 861 0.18 274
40 0443 0.663 0.0109 1.07 333 340 340 7.15 184 7.06 7.15 856 0.17 3.10
41 0345 0477 0.0121 110 271 274 315 537 185 570 573 635 0.14 1.86
42 0.370 0518 0.0116 130 292 3.02 3.02 607 216 594 6.07 6.80 0.13 1.67
43 0304 0435 0.0120 1.29 252 271 329 512 224 547 572 655 0.17 1.56
44 0317 0454 0.0115 148 2.69 3.02 3.13 586 248 544 589 6.75 0.13 1.30
45 0338 0.501 0.0108 2.03 296 353 353 7.10 359 624 710 841 018 1.20
46 0.323 0484 0.0108 198 2.86 342 342 679 345 594 679 812 017 1.13



Appendix 2a page 2

bt# up Ap fews Wies  Utws  Ukews  Urewe  Wkcwb e Wk  Ukew Sew ZQ Z0c
47 0305 0456 0.0114 144 261 297 319 568 241 528 577 691 014 134
48 0.320 0469 0.0115 1.21 2.67 293 316 567 200 541 577 676 0.13 1.74
49 0.312 0462 0.0120 0.80 251 259 335 488 138 568 580 686 0.19 293
50 0.282 0400 0.0127 106 229 233 361 422 208 6.06 6.11 692 032 2.41
51 0307 0464 0.0120 1.12 247 257 339 478 203 569 582 704 021 206
52- 0276 0396 0.0123 123 235 255 347 4.67 227 555 583 668 023 1.79
53 0302 0428 0.0121 1.11 251 2.69 330 508 192 549 573 649 017 191
54 0285 0408 0.0123 082 236 250 348 458 148 571 589 6.75 024 292
55 0275 0408 00126 050 224 229 370 407 092 6.07 614 7.27 035 461
56  0.246 0.352 0.0133 053 202 203 383 339 103 6.06 6.07 6.95 045 4.37
57 0241 0352 00132 058 199 203 383 336 1.15 593 597 7.00 045 412
58 0227 0318 0.0137 040 190 192 364 309 074 562 565 6.33 042 442
59 0.269 0.386 0.0130 0.13 2.17 2.17 382 382 022 631 632 724 042 6.56
60 0224 0314 00135 075 192 199 376 324 151 568 578 6.47 044 3.19
61 0221 0303 0.0127 138 2.06 242 373 423 272 536 588 644 032 1.61
62 0265 0375 00119 157 239 279 335 518 274 510 567 6.42 0.17 1.10
63 0.252 0.357 0.0120 150 231 273 341 501 266 506 568 643 0.18 1.22
64 0231 0331 00126 1.11 2.08 235 377 410 218 554 595 6.82 0.35 230
65 0204 0283 0.0133 1.01 1.88 213 403 353 212 558 596 6.60 047 259
66 0204 0286 0.0137 094 1.81 195 369 309 193 529 548 6.14 042 238
67 0.181 0.251 0.0147 0.80 159 1.63 3.09 207 155 435 440 487 029 1.81
68 0.165 0.234 0.0137 1.15 1.61 190 358 285 236 455 497 563 039 1.59
69 0.151 0.214 0.0129 159 1.65 223 358 359 311 419 510 578 0.31 0.97
70 0.142 0202 0.0126 1.83 1.65 240 403 396 376 440 565 6.40 0.39 1.00
71 0.146 0.202 0.0133 144 159 212 401 335 3.04 455 543 6.02 046 1.42
72 0136 0.195 0.0140 1.08 143 1.79 338 252 214 391 445 510 035 1.41
73 0.136 0.195 0.0145 093 138 165 3.12 208 178 367 405 464 030 1.39
74 0.125 0.171 0.0162 0.82 1.21 131 200 131 141 280 290 3.17 0.15 0.72
75 0.134 0.194 0.0146 1.10 135 158 299 170 210 343 373 432 025 0.87
76 0.115 0.165 0.0145 1.18 126 162 260 194 204 279 326 374 0.16 0.51
77 0128 0.172 0.0144 1.22 139 1.79 338 251 244 383 441 472 035 1.12
78 0.135 0.185 0.0147 091 138 1.65 311 207 1.74 3.68 4.06 444 0.30 1.39
79 0.122 0.166 0.0154 0.78 125 147 225 147 131 286 314 344 0.16 0.95
80 0.107 0.143 0.0157 086 1.17 144 220 144 147 265 3.02 323 0.16 0.74
81 0.108 0.153 0.0163 0.80¢ 1.10 124 1.89 124 137 251 267 3.02 0.15 0.64
82 0.099 0.154 0.0167 0775 098 107 163 107 129 223 231 288 014 0.3
83 0.092 0.123 0.0183 0.61 094 101 157 101 1.04 226 233 249 0.15 071
84 0.097 0.146 0.0171 045 096 1.03 157 1.03 073 220 228 276 014 1.06
85 0.091 0.157 0.0164 043 091 1.00 1.57 1.00 070 210 22t 3.07 0.15 1.18
86 0.088 0.130 0.0164 0.67 096 1.17 178 1.17 112 217 243 288 0.14 0.73
87 0.098 0.163 0.0154 066 102 121 184 121 110 226 251 335 0.15 0.85
88 0.088 0.163 0.0149 072 094 117 179 1.17 121 206 236 352 014 0.68
89 0.099 0.191 0.0143 085 102 124 189 124 145 221 250 388 0.15 0.58
90 0.098 0.169 0.0157 084 099 1.11 170 1.11 1.45 219 232 319 0.14 046
91 0.097 0.191 0.0141 097 101 126 193 126 166 219 250 395 0.15 045
92 0.108 0.248 00116 143 123 185 297 258 260 273 371 680 022 0.61



Appendix 2a page 3

bt#  w Ap fows  Wics  Wiws  Usows  Uscwe  Uscwb  Usc  Usw  Uiew  Ocw 20 Z0c
93  0.097 0.194 0.0115 1.79 126 2.17 348 329 342 297 449 720 029 0.62
94 0.110 0204 0.0114 197 141 241 419 384 410 368 547 8.15 043 0.90
95 0.106 0.242 0.0107 192 134 234 435 365 412 354 540 9.91 049 1.00
96 0.090 0.171 0.0115 1.87 124 225 360 345 362 295 467 7.14 030 0.62
97 0.093 0217 00114 154 1.16 190 3.04 266 2.81 256 375 6.97 023 0.3
98 0.116 0.257 0.0119 125 126 1.77 284 239 224 277 355 6.29 020 0.71
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bt# M A Qv Qs Qu-dir
1 1.3 11.0 0.000489 0.000000 133
2 1.7 14.1 0.000628 0.000000 162
3 1.8 14.7 0.000694 0.000000 171
4 1.4 11.5 0.000351 0.000000 181
5 1.5 14.0 0.000149 0.000000 184
6 1.4 12,9 0.000042 0.000000 229
7 1.5 13.2 0.000049 0.000000 313
8 1.5 13.5 0.000063 0.000000 341
9 1.4 12.8 0.000021 0.000000 333
10 1.5 13.3 0.000055 0.000000 189
11 1.9 12.5 0.000428 0.000000 185
12 27 183 0.001881 0.000000 199
13 2.1 17.8 0.001357 0.000000 208
14 3.1 204 0.002961 0.000000 210
15 2.7 20.7 0.001204 0.000000 227
16 1.6 20.7 0.000858 0.001603 241
17 2.8 20.7 0.000754 0.000000 294
18 1.8 20.7 0.000838 0.001992 340
19 1.0 20.7 0.001466 0.001062 2
20 0.5 20.7 0.002447 0.001290 8
21 0.0 0.0 0.004794 0.000228 14
22 1.0 20.7 0.001598 0.001025 18
23 2.3 20.7 0.000607 0.001373 29
24 2.2 20.7 0.000082 0.000327 95
25 1.1 20.7 0.000761 0.000425 193
26 00 0.0 0.002112 0.000044 196
27 0.0 0.0 0.002956 0.000084 205
28 0.0 0.0 0.001866 0.000041 217
29 0.0 0.0 0.002525 0.000112 231
30 0.0 0.0 0.001020 0.000032 252
31 0.0 0.0 0.001179 0.000068 322
32 0.0 00 0.001615 0.000117 331
33 0.8 20.7 0.000574 0.000397 346
34 0.0 0.0 0.000421 0.000010 341
35 0.2 20.7 0.000175 0.000110 273
36 04 20.7 0.000914 0.000290 218
37 0.0 0.0 0.001208 0.000021 218
38 0.0 0.0 0.005087 0.000246 222
39 0.0 0.0 0.002132 0.000084 232
40 0.0 0.0 0.000961 0.000045 253
4] 0.9 20.7 0.000402 0.000412 306
42 0.0 0.0 0.000773 0.000021 346
43 1.2 20.7 0.000788 0.000778 4
44 0.2 20.7 0.001503 0.000613 16
45 0.0 0.0 0.004621 0.000224 22
46 0.0 0.0 0.003852 0.000155 29
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bt Mp A Qb Qs Qb-dir

47 05 207 0.001490 0.000584 39
48 0.5 207 0.001181 0.000397 55
49 1.5 20.7 0.000389 0.000415 76
50 2.3 20.7 0.000445 0.002609 132
51 1.6 20.7 0.000514 0.001041 178
52 1.8 20.7 0.000770 0.001489 193
53 1.2 207 0.000723 0.000599 209
54 1.9 20.7 0.000529 0.000710 207
55 2.5 20.7 0.000234 0.000000 243
56 2.9 19.5 0.000237 0.000000 300
57 29 19.3 0.000353 0.000000 5
58 2.7 18.1 0.000171 0.000000 21
59 2.8 20.7 0.000015 0.000000 80
60 2.8 18.8 0.000582 0.000000 195
61 23 20.7 0.001139 0.003769 204
62 1.1 20.7 0.001369 0.001060 217
63 1.3 20.7 0.001348 0.001219 227
64 2.5 20.7 0.000962 0.000000 230
65 3.0 20.1 0.001691 0.000000 239
66 2.7 18.1 0.000845 0.000000 267
67 2.0 13.6 0.000313 0.000000 330
68 2.6 17.0 0.001144 0.000000 0
69 2.2 185 0.001487 0.000000 8
70 2.7 20.7 0.002147 0.000000 20
71 2.9 193 0.002473 0.000000 29
72 2.3 15.6 0.000946 0.000000 45
73 2.0 13.6 0.000575 0.000000 67
74 1.5 13.2 0.000071 0.000000 113
75 1.8 11.9 0.000598 0.000000 158
76 1.3 11.0 0.000371 0.000000 176
77 23 15,5 0.001054 0.000000 196
78 2.0 13.5 0.000567 0.000000 216
79 1.5 13.9 0.000147 0.000000 243
80 1.5 13.8 0.000144 0.000000 252
81 1.4 12.9 0.000060 0.000000 272
82 1.3 122 0.000020 0.000000 288
83 1.4 12.2 0.000000 0.000000 0
& 1.3 12.0 0.000004 0.000000 244
85 1.4 122 0.000000 0.000000 0
86 14 12.6 0.000051 0.000000 216
87 1.4 127 0.000060 0.000000 241
88 1.4 12.6 0.000053 0.000000 245
89 14 129 0.000076 0.000000 259
9 14 123 0.000040 0.000000 302
91 1.4 13.0 0.000098 0.000000 349
92 1.7 139 0.000733 0.000000 356
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bt# MNp  Ap Qb Qs Qb-dir

93 21 17.2 0.001772 0.000000 5
94 2.8 20.7 0.002865 0.000000 15
95 3.0 20.7 0.003106 0.000000 27
96 22 179 0.002163 0.000000 36
97 1.7 143 0.000908 0.000000 62
98 1.6 13.0 0.000499 0.000000 73



Appendix 3

The burst-averaged data of wave, current and sediment suspension for the SI97a Ralph deployment. The
parameters are as defined in Appendix 1.
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BT JD Hour depth uso Cair Hs T; Wair  obsl
1 28 10 31.03 215 46 0.42 108 60 703
2 28 12 3085 186 87 0.39 126 62 697
3 28 14 30.34 157 141 0.40 109 354 695
4 28 16 30.02 6.3 176 046 9.8 338 692
5 28 18 30.05 95 319 052 9.0 332 690
6 28 20 80.52 215 1 062 85 10 690
7 28 22 3096 232 31 094 91 34 693
8 29 0 3091 1741 86 1.43 96 28 694
9 29 2 3050 13.0 144 1.49 1041 24 693

10 29 4 30.15 7.8 186 154 105 12 693
11 29 6 3012 7.1 192 1.51 1041 10 694
12 29 8 3044 6.3 212 129 101 20 693
13 29 10 30.89 9.0 165 1.33 10.1 36 694
14 29 12 30.97 239 166 1.18 10.0 50 694
15 29 14 30.55 279 183 1.15 10.6 36 690
16 29 16 30.12 21.3 216 1.12 98 40 688
17 29 18 30.11 127 257 1.04 101 48 688
18 29 20 3044 138 315 0.99 95 56 688
19 29 22 30.95 125 6 095 95 62 691
20 30 0 3112 11.1 90 0.98 93 56 691
21 30 2 30.83 202 160 0.83 10.0 54 692
22 30 4 3043 198 186 0.82 9.8 b2 691
23 30 6 3027 182 216 0.75 96 48 692
24 30 8 3047 1214 251 0.71 9.1 62 693
25 30 10 31.00 8.2 252 064 9.2 58 695
26 30 12 31.15 133 215 0.61 9.1 52 695
27 30 14 30.91 186 214 055 91 54 697
28 30 16 30.54 284 234 049 99 56 712
29 30 18 30.33 220 271 047 9.2 62 732
30 30 20 3047 273 319 043 94 338 731
31 30 22 3093 220 340 042 10.0 348 708
32 31 0 3124 113 26 039 10.0 280 715
33 3 2 31.07 105 96 041 10.6 6 726
34 3 4 3072 129 89 041 100 4 730
35 31 6 3042 75 102 0.39 10.0 4 727
36 31 8 3045 57 50 0.38 10.2 14 725
37 31 10 3082 116 33 0.39 101 352 722
38 31 12 3113 115 61 037 105 44 725
39 3 14 31.03 9.1 143 042 93 334 702
40 31 16 30.70 17.8 195 045 87 318 708
41 31 18 3042 291 235 060 82 278 699
42 31 20 3046 36.0 254 085 82 262 705
43 3 22 30.77 399 282 138 94 342 697
44 32 0 3127 316 295 213 105 340 694
45 32 2 3143 142 293 168 112 350 694
46 32 4 3098 11.0 293 222 11.7 350 692
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BT JD Hour depth uso Cgir  Hs T, Wdir_obsl
47 32 6 30.71 24 242 285 132 346 698
48 32 8 3064 38 336 231 13.0 348 699
49 32 10 30.82 1.2 120 2.89 126 340 708
50 32 12 31.21 37 96 197 119 338 701
51 32 14 3126 6.0 157 221 12.0 346 704
b2 32 16 31.04 122 181 2.06 11.9 354 698
B3 32 18 30.73 14.6 219 177 109 352 697
54 32 20 3052 144 259 140 11.2 4 696
55 32 22 3071 224 312 124 10.8 360 696
56 33 0 3117 16,5 353 1.13 105 10 697
57 38 2 31.37 105 42 096 10.8 12 699
58 33 4 3128 138 72 097 109 10 702
59 38 6 3093 99 107 1.08 106 4 702
60 33 8 3068 29 131 0.84 1068 360 703
61 33 10 30.71 1.6 0 093 10.0 12 712
62 33 12 31.07 24 65 079 100 12 714
63 33 14 31.30 6.5 151 0.77 10.2 12 715
64 33 16 31.24 6.3 172 0.68 10.0 8 715
65 33 18 30.98 13.7 210 0.73 10.0 22 708
66 33 20 30.62 158 241 072 94 30 701
67 33 22 3058 16.7 292 066 94 20 702
68 34 0 30.95 195 338 064 91 14 701
69 34 2 31.39 171 21 057 89 24 704
70 34 4 3144 191 56 0.64 8.9 32 709
71 34 6 31.16 198 85 058 95 28 703
72 34 8 30.76 124 107 053 8.6 20 704
73 34 10 30.51 44 110 056 9.0 38 706
74 34 12 30.73 49 75 056 86 26 705
75 34 14 31.15 9.2 121 055 9.2 26 706
76 34 16 31.29 171 154 0.51 94 358 709
77 34 18 31.08 20.6 168 0.51 89 350 707
78 34 20 30.78 294 221 0.52 9.2 28 702
79 34 22 30.48 30.0 250 050 83 36 702
80 35 0 3071 240 303 049 78 316 702
81 35 2 3120 244 339 047 83 344 702
82 35 4 3156 204 18 048 8.6 344 708
83 35 6 3140 183 66 046 8.7 62 708
84 35 8 3098 131 115 048 7.5 4 709
85 35 10 3050 116 171 047 7.9 358 708
86 35 12 30.54 96 231 050 76 202 707
87 35 14 3098 8.0 266 047 74 192 707
88 35 16 31.36 81 234 044 80 218 709
890 35 18 31.42 16.9 219 046 94 228 715
90 35 20 31.08 251 221 048 86 56 714
91 35 22 30.50 26.0 245 044 8.0 79 714
92 36 0 3045 256 310 044 69 322 717
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BT JD Hour depth usp Cair Hs T: Wair  obsl
93 36 2 3093 304 342 043 82 344 714
94 36 4 3156 26.1 18 043 76 350 708
95 36 6 31.67 241 59 043 8.7 56 722
96 36 8 31.26 23.0 100 0.41 9.4 84 716
97 36 10 3061 191 143 044 82 342 712
98 36 12 30.32 11.0 173 043 8.0 334 712
99 36 14 3056 3.7 264 040 83 338 713

100 36 16 3126 38 13 039 94 332 714

101 36 18 3147 82 133 044 88 322 716

102 36 20 31.13 143 165 047 82 326 716

103 36 22 3062 126 199 055 83 152 715

104 37 0 3023 94 317 079 77 360 722

105 37 2 3047 231 8 090 86 14 709

106 37 4 3120 245 31 125 9.3 16 712

107 37 6 3164 364 71 137 99 16 710

108 37 8 31.32 353 118 146 106 10 707

109 37 10 30.67 379 157 180 11.2 4 706

110 37 12 30.09 253 192 1.64 108 14 709

111 37 14 3020 259 246 151 106 14 710

112 37 16 30.89 215 273 1.39 105 12 712

113 37 18 3148 135 264 1.26 109 28 707

114 37 20 31.39 194 232 1.13 106 360 714

115 37 22 30.80 21.2 240 1.21 109 2 706

116 38 0 3021 223 266 0.98 10.1 16 705

117 38 2 30.19 31.0 319 107 106 35 709

118 38 4 3082 343 344 1.09 104 356 716

119 38 6 31.58 162 20 083 105 8 715

120 38 8 3171 228 86 0.81 105 12 712

121 38 10 31.12 240 148 0.80 104 360 715

122 38 12 30.33 259 185 0.77 10.0 4 712

123 38 14 30.10 249 235 0.71 9.8 22 716

124 38 16 30.59 20.1 282 069 95 2 716

125 38 18 3141 158 287 0.58 10.0 336 714

126 38 20 31.60 11.8 226 057 95 8 715

127 38 22 31.09 145 205 0.58 9.4 8 716

128 39 0 30.39 299 230 0.60 10.1 356 709

129 39 2 30.01 254 268 055 92 344 726

130 39 4 3044 319 329 052 95 336 722

131 39 6 31.35 355 7 046 102 352 716

132 39 8 3174 235 50 052 93 32 718

133 39 10 31.35 13.9 118 048 101 352 732

134 39 12 3055 21.7 152 046 96 336 728

135 39 14 30.00 231 203 046 94 344 724

136 39 16 30.18 15.7 267 0.44 96 342 725

137 39 18 31.06 120 308 044 94 338 728

138 39 20 3164 9.0 192 043 10.0 2 73
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BT JD Hour depth uso Cair Hs T, Wair  obsl
139 39 22 31.36 245 197 0.39 109 26 735
140 40 0 30.69 351 224 040 96 28 709
141 40 2 30.09 344 249 040 96 62 713
142 40 4 3013 371 310 040 98 306 719
143 40 6 30983 411 343 038 106 352 718
144 40 8 81.70 29.1 21 037 106 35 723
145 40 10 3162 243 77 037 109 252 725
146 40 12 30.93 202 141 0.39 92 342 727
147 40 14 3027 185 182 0.37 108 338 728
148 40 16 30.05 17.7 248 0.38 10.1 56 730
149 40 18 30.72 247 311 038 93 322 738
150 40 20 3159 132 330 042 84 300 730
151 40 22 31.68 80 179 047 88 312 732
152 41 0 31.06 23.0 212 052 92 328 730
1583 41 2 3038 247 239 067 99 334 726
154 41 4 30.14 222 280 090 11.7 354 721
155 41 6 30.60 325 334 179 126 360 718
156 41 8 3143 293 14 124 124 360 717
157 41 10 31.72 225 77 116 122 12 717
158 41 12 31.18 19.1 139 1.00 12.0 14 719
159 41 14 3045 202 169 0.89 120 360 719
160 41 16 30.10 17.0 210 0.80 114 20 717
161 41 18 30.45 125 293 0.70 108 358 717
162 41 20 3129 95 359 057 108 352 718
163 41 22 3168 96 145 054 11.2 6 718
164 42 0 31.35 193 164 052 10.6 2 719
165 42 2 3071 28.1 210 053 104 18 721
166 42 4 3025 257 245 0.51 9.9 38 715
167 42 6 30.37 241 302 046 105 350 716
168 42 8 3113 298 344 048 99 344 721
169 42 10 3166 206 42 046 104 62 717
170 42 12 31.38 109 122 041 114 342 719
171 42 14 30.76 122 169 041 104 344 723
172 42 16 30.35 176 226 0.42 10.1 10 719
1783 42 18 30.35 214 282 0.41 9.6 4 720
174 42 20 3096 285 331 043 9.1 336 719
175 42 22 31.65 16.9 5 045 8.7 22 719
176 43 0 3157 22 113 045 8.0 46 719
177 43 2 31.08 146 202 050 84 48 720
178 43 4 3051 17.8 230 049 8.7 60 719
179 43 6 30.36 150 267 052 84 284 720
180 43 8 30.79 21.8 328 0.51 9.3 322 718
181 43 10 3145 1741 9 056 96 312 716
182 483 12 31.51 96 103 0.63 11.1 314 716
183 483 14 3097 109 168 0.79 105 320 718
184 43 16 3049 8.1 200 082 115 324 720
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BT JD Hour depth usp Cair  Hs T, Wi obsl
185 48 18 30.31 29 272 088 11.9 340 720
186 48 20 30.68 106 351 1.02 10.8 342 719
187 48 22 3135 150 20 0.83 104 338 716
188 44 0 3157 170 72 086 105 338 716
189 44 2 3114 131 122 079 111 340 716
190 44 4 30.71 9.5 147 075 10.1 324 718
191 44 6 3047 54 174 073 105 330 719
192 44 8 30.60 39 348 058 105 334 722
193 44 10 31.21 6.1 21 059 10.1 302 720
194 44 12 3150 84 130 054 11.1 324 718
195 44 14 3120 161 175 057 102 330 719
196 44 16 30.80 284 202 072 88 328 717
197 44 18 3058 278 228 080 84 174 716
198 44 20 30.61 256 256 0.71 89 178 716
199 44 22 3116 218 312 067 82 176 718
200 45 0 3166 83 353 069 87 176 719
201 45 2 3146 3.0 136 0.52 94 266 720
202 45 4 3108 45 105 053 96 250 718
203 45 6 30.78 04 184 053 100 264 721
204 45 8 30.61 3.7 348 0.53 10.9 66 724
205 45 10 30.92 1238 18 0.55 9.3 88 722
206 45 12 3135 125 57 0.51 100 70 717
207 45 14 31.34 122 134 048 9.9 82 719
208 45 16 31.00 184 166 053 96 120 719
209 45 18 30.71 171 196 0.56 10.0 86 718
210 45 20 30.56 120 230 056 9.6 70 720
211 45 22 3085 17.3 318 054 95 124 718
212 46 0 3141 183 18 045 100 106 718
213 46 2 3151 207 59 047 10.0 56 718
214 46 4 3121 235 85 045 104 84 719
215 46 6 30.88 247 9% 1.01 9.1 28 719
216 46 8 3060 173 110 125 98 26 719
217 46 10 30.61 102 112 1.41 10.5 32 724
218 46 12 31.09 93 120 154 10.8 34 725
219 46 14 31.20 10.1 158 1.58 114 4 723
220 46 16 31.03 280 172 1.82 114 338 721
221 46 18 30.78 27.2 218 1.94 111 348 728
222 46 20 3058 199 248 1.92 114 35 722
223 46 22 30.65 238 287 186 106 334 725
224 47 0 31.07 256 316 195 115 360 724
225 47 2 3141 135 330 1.84 117 348 721
226 47 4 31.38 6.4 3 150 122 122 719
227 47 6 31.03 68 89 136 114 128 720
228 47 8 30.7 59 253 152 117 128 720
229 47 10 30.56 11.2 227 1.77 12.0 130 721
230 47 12 30.86 6.0 287 133 114 132 722
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BT JD Hour depth uso Cair  Hs T, Wair  obsl
231 47 14 3128 14.0 241 126 120 128 722
232 47 16 31.28 16,5 236 1.14 115 116 721
233 47 18 31.08 26.3 243 1.23 1141 108 717
234 47 20 30.85 243 247 098 114 104 720
235 47 22 30.67 197 273 1.04 114 108 718
236 48 0 30.87 299 303 0.87 11.1 342 715
237 48 2 31.32 222 304 082 109 346 718
238 48 4 3154 166 56 070 104 35 720
239 48 6 31.37 19.7 105 0.72 10.6 22 720



Appendix 4

Predictions by SEDTRANS96 for ST197a Ralph deployment: (a) bottom boundary layer dynamics
parameters; (b) sediment transport parameters. Listed parameters are as defined in Appendix 2.
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bt# Ub Ap fews Wcs U#ws Urcws U*cwe  U*cwb Use Uy Uxew 6CW Z() Z0c

1 0.076 0.130 0.0144 1.07 096 143 219 143 184 2.08 276 380 0.16 046

2 0.081 0.162 0.0139 095 095 133 203 133 1.63 2.03 257 413 016 0.52

3 0.074 0.129 0.0155 081 088 117 179 117 1.37 192 231 321 0.15 052

4 0.076 0.119 0.0182 040 081 089 140 0.89 0.65 191 201 251 015 1.02

5 0.075 0.108 0.0179 055 085 1.00 157 1.00 091 197 217 249 0.15 0.77

6 0.078 0.106 0.0156 1.08 101 148 226 148 185 226 291 3.15 016 048

7 0.133 0.192 0.0137 126 145 192 363 283 257 4.03 478 554 040 1.35

8 0.221 0.338 0.0129 1.08 194 212 401 350 230 571 597 7.30 048 2.56

9 0252 0405 0.0125 092 210 221 405 376 193 6.10 626 8.05 047 3.36
10 0.277 0.462 0.0121 0.66 224 233 381 410 127 6.01 6.14 821 037 432
11 0259 0416 0.0125 0.60 2.13 221 401 379 120 6.16 628 8.07 046 4.68
12 0.219 0.351 0.0132 052 1834 191 362 297 100 527 536 690 041 4.07
13 0.222 0.356 0.0131 068 187 195 3.69 3.07 136 537 548 7.05 042 352
14 0.193 0.308 0.0128 132 179 2.07 391 328 2.84 511 553 7.04 045 1.72
15 0.206 0.347 0.0118 1.57 198 248 389 423 316 5.03 584 7.88 035 146
16 0.185 0.288 0.0127 1.26 179 219 414 356 2.69 518 583 7.28 049 2.10
17 0.179 0.287 0.0135 0.83 1.63 1.81 342 261 165 449 475 6.11 037 2.30
18 0.154 0.233 0.0149 0.81 140 148 226 148 142 322 331 400 0.16 101
19 0.145 0218 0.0148 0.77 137 1.50 229 150 131 3.12 328 397 0.16 111
20 0.143 0.212 0.0149 071 137 1.52 232 152 120 3.13 332 393 0.16 124
21 0.137 0.218 0.0144 1.06 1.33 153 234 1.53 1.86 3.00 324 4.12 0.17 0.65
22 0.134 0.208 0.0140 1.08 137 168 317 214 211 3.60 4.05 5.05 031 1.18
23 0.119 0.182 0.0143 1.01 128 163 3.08 193 192 330 381 4.066 028 1.13
24 0.103 0.149 0.0160 0.71 1.09 130 199 130 1.19 248 275 3.18 0.15 0.86
25 0.092 0.135 0.0172 051 096 1.09 1.66 1.09 083 220 235 275 0.14 097
26 0.086 0.124 0.0165 0.73 097 121 185 121 123 218 250 289 0.15 0.67
27 0.078 0.113 0.0158 095 096 1.34 2.05 134 162 215 267 3.09 0.16 051
28 0.081 0.127 0.0137 1.38 1.08 175 2.81 231 244 242 344 434 0.19 048
29 0.070 0.102 0.0155 1.07 092 140 213 140 1.83 204 270 316 0.16 041
30 0.066 0.098 0.0145 130 094 159 256 1.69 2.16 196 289 346 0.14 0.32
31 0.069 0.110 0.0149 1.08 092 142 217 142 185 200 272 347 0.16 043
32 0.063 0.101 0.0187 0.57 071 082 128 082 099 1.68 179 228 0.15 051
33 0.072 0.122 0.0186 054 0.74 079 123 0.79 094 177 181 244 0.15 0.57
34 0.068 0.108 0.0185 063 074 084 131 0.84 1.10 1.75 1.84 234 0.15 046
35 0.065 0.104 0.0198 042 0.69 072 1.13 072 071 168 171 2.18 0.15 072
36 0.065 0.106 0.0191 035 070 077 121 077 057 169 177 229 0.15 0095
37 0.065 0.105 00175 062 076 095 148 095 1.04 1.75 199 255 0.15 0.58
38 0.064 0.107 0.0170 062 076 097 152 097 1.04 173 201 269 0.15 0.6l
39 0062 0.091 00187 051 0.72 088 1.38 0.88 0.85 1.71 190 225 0.15 0.68
40 0.059 0.082 0.0177 085 077 1.08 165 108 143 173 211 234 0.14 035
41 0.070 0.092 0.0152 1.36 1.00 163 262 191 232 217 3.06 320 0.16 0.33
42 0.099 0.129 0.0135 1.74 134 219 352 340 335 335 473 494 030 0.68
43 0.208 0.311 0.0119 2,02 208 270 3.67 474 380 480 572 684 024 0.5
44 0.368 0.614 0.0104 1.97 3.06 352 352 705 348 636 7.05 943 0.18 1.33
45 0.310 0.552 0.0114 1.04 246 259 352 474 192 569 587 837 023 2.60
46 0.433 0.805 0.0103 098 3.19 327 327 6.60 1.65 649 660 9.84 0.16 3.49
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bt# ub Ap fows Uscs  Uxws  Ukcws  Wkewe  Ukewb Uske A Sew Zy ZQc
47 0.612 1.286 0.0092 036 4.15 415 4.15 9.02 0.64 9.02 9.02 1517 024 11.28
48 0.492 1.019 0.0097 048 347 350 350 7.19 080 7.15 7.19 1191 0.18 7.46
49 0.600 1.203 0.0093 020 4.10 4.11 4.11 894 034 894 894 1435 0.23 12.26
50 0.387 0.733 0.0107 042 285 286 320 554 067 575 577 875 014 543
51 0.436 0.833 0.0102 0.64 3.19 325 325 654 105 645 654 998 0.15 5.10
52 0.407 0.770 0.0103 1.05 3.08 325 325 645 176 621 645 977 015 3.14
53 0.325 0.563 0.0112 1.09 258 274 337 514 189 554 576 8.00 0.18 2.28
54 0.266 0474 0.0120 099 214 222 404 378 211 6.11 623 888 047 3.27
55 0.225 0.387 0.0120 134 201 233 4.02 394 281 549 600 824 042 2.06
56 0.196 0.327 0.0126 1.05 179 207 391 328 2.19 509 553 739 045 245
57 0.171 0293 0.0135 0.72 1.53 1.67 316 2.16 136 4.05 425 584 031 228
58 0.175 0.303 0.0134 0.86 155 1.68 318 220 168 4.12 430 596 032 189
59 0.191 0.322 0.0137 0.68 1.62 1.66 3.14 214 131 433 439 592 031 245
60 0.150 0.253 0.0149 026 131 133 203 133 039 299 301 4.06 0.15 2.65
61 0.154 0.245 0.0151 0.16 135 136 207 136 023 311 3.12 397 0.16 3.13
62 0.129 0205 0.0160 021 1.17 1.18 1.80 1.18 032 2.69 270 3.44 0.15 238
63 0.128 0.208 0.0155 046 1.19 126 192 126 075 271 279 362 0.15 155
64 0.110 0.176 0.0162 043 1.07 1.15 176 1.15 070 244 253 322 015 1.37
65 0.120 0.190 0.0147 0.81 123 147 224 147 138 275 3.07 391 0.16 094
66 0.109 0.163 0.0152 0.88 1.17 144 220 144 150 263 299 358 0.16 0.5
67 0.100 0.150 0.0168 0.83 1.02 1.12 171 1.12 144 231 241 288 0.14 048
68 0.091 0.131 0.0154 1.00 106 143 218 143 172 238 287 332 0.16 054
69 0.076 0.107 0.0162 0.89 094 129 197 129 150 210 258 292 0.15 052
70 0.085 0.120 0.0156 098 1.03 141 215 141 1.68 230 282 319 0.16 0.53
71 0.087 0.132 0.0156 099 1.01 132 202 132 169 225 265 321 015 046
72 0.068 0.093 0.0199 061 075 083 130 083 1.06 181 188 206 0.15 047
73 0.079 0.113 0.0196 029 0.80 0.82 129 0.82 047 198 200 229 0.15 1.20
74 0.072 0.098 0.0202 0.32 0.76 0.81 126 0.81 051 1.88 193 211 0.15 1.05
75 0.079 0.115 0.0191 0.50 081 085 133 0.85 087 196 200 234 0.15 0.71
76 0.075 0.112 0.0160 0.88 092 126 192 126 149 204 250 3.00 0.15 0.51
77 0.069 0.097 0.0158 1.02 092 137 210 137 174 203 268 303 0.16 044
78 0.076 0.111 0.0141 141 106 176 282 231 250 238 344 403 020 045
79 0.060 0.079 0.0151 138 092 1.63 262 191 235 199 3.02 3.19 0.16 031
80 0.049 0.061 0.0167 1.12 079 137 209 137 191 175 258 256 0.16 0.32
81 0.054 0.072 0.0160 1.15 083 142 217 142 196 183 269 284 0.16 035
82 0.059 0.081 0.0167 098 0.82 125 191 125 166 182 241 264 0.15 037
83 0.058 0.081 0.0168 090 080 121 1.85 121 152 1.79 235 2.60 0.15 041
84 0.042 0.050 0.0220 0.61 058 0.77 120 077 1.05 141 1.61 154 0.15 0.34
85 0.050 0.063 0.0200 0.60 0.67 090 140 090 1.00 1.58 1.87 188 0.15 049
86 0.047 0.057 0.0216 050 0.62 079 123 079 0.84 151 1.7t 1.66 0.15 0.51
87 0.040 0.047 0.0254 040 051 0.58 091 058 0.68 1.31 1.38 130 0.15 045
88 0.046 0.058 0.0219 044 059 073 1.14 073 072 145 161 1.64 0.15 0.57
89 0.067 0.101 0.0162 086 086 1.21 1.86 121 145 190 239 286 0.15 048
90 0.061 0.083 0.0155 1.19 0.89 148 226 148 2.04 196 282 3.09 0.16 0.37
91 0.048 0.061 0.0162 1.20 079 143 219 143 205 174 2,68 273 0.16 031
92 0.030 0.033 0.0181 1.14 061 129 197 129 192 135 234 206 0.15 0.24
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bt# up Ap fows U#es  Uxws  U#ews  Ukewe  U¥cwb U Ukw  Ukew Sew Zp Z0c

93 0.049 0.064 0.0153 1.39 083 1.62 260 1.85 235 178 295 308 0.15 028
94 0.038 0.046 0.0170 1.18 069 135 206 135 199 152 247 239 0.16 0.26
95 0.054 0.075 0.0158 1.14 082 140 214 140 194 180 265 293 0.16 035
96 0.061 0.091 0.0154 1.10 0.86 139 213 1.39 1.88 1.88 265 3.17 0.16 0.38
97 0.051 0.066 0.0174 092 075 1.18 180 1.18 1.54 1.67 225 235 015 035
98 0.048 0.061 0.0204 057 064 085 132 085 095 152 178 1.81 0.15 048
99 0.048 0.063 0.0245 023 0354 0.56 088 056 036 142 143 152 0.15 0.85
100 0.058 0.086 0.0212 025 0.63 066 1.04 066 039 157 1.61 192 0.15 1.03
101 0.057 0.080 0.0198 046 0.68 082 128 082 0.76 1.64 180 2.02 0.15 0.68
102 0.053 0.069 0.0187 0.72 072 1.01 1.58 1.01 121 1.66 204 213 0.15 044
103 0.065 0.086 0.0188 0.65 079 098 1.54 098 1.11 185 2.09 221 0.15 053
104 0.079 0.097 0.0192 054 088 1.01 1.57 1.01 090 212 226 221 0.15 0.76
105 0.117 0.160 0.0143 122 1.34 181 291 253 221 316 386 422 021 0.76
106 0.182 0.269 0.0127 1.40 1.82 228 416 378 297 519 596 7.06 047 184
107 0.216 0.340 0.0117 1.91 210 268 3.67 470 360 487 574 723 025 087
108 0.254 0.428 0.0115 1.87 226 265 3.64 470 355 522 578 7.80 025 094
109 0.340 0.606 0.0101 225 298 3.69 3.69 732 403 621 732 1044 0.19 1.16
110 0.304 0.523 0.0108 1.63 263 3.09 323 587 274 523 591 812 0.14 125
111 0.274 0462 0.0114 1.56 237 271 351 493 284 525 576 7.77 021 1.30
112 0.243 0406 0.0124 126 203 216 408 360 278 594 6.11 8.17 049 227
113 0.225 0391 0.0125 092 191 204 386 328 191 545 565 7.84 045 2.98
114 0.196 0.331 0.0126 1.16 178 2.03 384 320 244 504 542 7.32 044 207
115 0.221 0.384 0.0122 126 195 220 416 3.63 275 562 6.01 834 050 229
116 0.168 0.269 0.0135 1.20 158 1.81 342 258 247 431 463 595 036 134
117 0.194 0.327 0.0117 1.68 192 249 392 422 338 488 580 7.83 035 128
118 0.189 0.313 0.0115 185 196 2.69 372 4.66 347 453 570 754 026 0.96
119 0.142 0.237 0.0136 096 141 170 321 222 1.8 3.70 4.14 553 032 1.53
120 0.138 0.230 0.0139 1.16 1.36 160 257 1.77 2.00 290 320 428 0.14 0.52
121 0.137 0.227 0.0131 129 145 190 3.60 2.77 263 394 466 6.17 039 130
122 0.129 0.206 0.0130 1.37 144 199 3.19 297 257 347 431 549 026 0.89
123 0.117 0.183 0.0136 129 132 1.81 290 250 233 3.06 377 470 021 0.69
124 0.107 0.161 0.0157 099 1.11 130 199 130 1.72 249 271 328 0.15 047
125 0.094 0.149 0.0156 0.84 1.02 126 193 126 143 227 259 329 0.15 0.60
126 0.084 0.128 0.0168 0.66 093 1.11 169 1.11 1.10 2.09 232 280 0.14 0.68
127 0.086 0.129 0.0160 0.79 098 125 192 125 133 220 256 3.07 0.15 0.64
128 0.102 0.164 0.0135 143 122 178 286 239 258 277 357 459 020 048
129 0.083 0.121 0.0156 1.17 1.00 1.37 209 137 201 221 266 311 0.16 032
130 0.081 0.122 0.0135 1.53 112 189 3.04 266 279 261 381 461 023 051
131 0.076 0.124 0.0129 1.67 1.11 199 320 287 3.09 258 401 521 025 050
132 0.074 0.109 0.0150 1.15 098 150 230 150 198 216 291 345 0.16 043
133 0.079 0.126 0.0166 0.73 0.88 1.08 1.65 1.08 123 196 221 284 0.14 0.54
134 0.072 0.111 0.0150 1.08 095 144 219 144 184 208 278 340 0.16 045
135 0.072 0.107 0.0152 1.12 094 142 217 142 191 207 274 327 0.16 040
136 0.070 0.107 0.0176 076 0.81 099 154 099 131 185 206 251 015 042
137 0.066 0.098 0.0177 0.64 078 099 155 099 1.08 180 207 248 0.15 0.58
138 0.069 0.109 0.0177 051 078 093 145 093 086 180 199 254 0.15 0.75
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bt# Up Ab fows U#cs  U*wg  U#kcws  U*ewe  Ukewb Uk Usyw  Utew Sew ZQ Z0c
139 0.070 0.122 0.0140 1.19 094 152 232 152 2.04 203 288 399 0.16 041
140 0.063 0.096 0.0135 1.62 098 1.89 3.03 261 293 226 3.68 450 023 042
141 0.064 0.098 0.0135 1.59 099 1.88 3.01 259 289 228 3.68 449 022 043
142 0.066 0.103 0.0131 1.71 1.03 2.00 321 287 317 241 398 497 025 046
143 0.067 0.113 0.0124 1.88 1.07 216 347 322 357 253 437 590 029 0.50
144 0.064 0.107 0.0138 136 093 163 262 190 231 195 299 404 0.16 033
145 0.066 0.114 0.0141 1.17 091 148 226 148 201 195 280 3.89 0.16 040
146 0.056 0.082 0.0162 098 0.80 125 191 125 1.65 175 238 279 015 0.37
147 0.068 0.117 0.0152 093 086 125 191 125 157 1.87 242 333 0.15 045
148 0.065 0.105 0.0157 089 084 122 1.87 122 150 184 237 3.05 0.15 045
149 0.056 0.083 0.0152 1.17 0.84 144 219 144 199 184 270 320 0.16 0.35
150 0.049 0.065 0.0192 0.66 066 092 144 092 1.11 155 188 201 0.15 043
151 0.060 0.084 0.0201 045 069 080 124 080 075 168 180 2.01 0.15 0.69
152 0.075 0.109 0.0158 1.08 094 132 202 132 1.85 207 256 3.00 0.15 035
153 0.111 0.175 0.0150 1.16 1.16 141 216 141 2.03 258 2.85 3.60 0.16 0.39
154 0.180 0.335 0.0127 121 162 1.82 345 2.61 250 435 463 690 037 142
155 0.374 0.750 0.0097 2.06 3.09 3.67 3.67 729 3.69 638 729 11.70 0.19 1.47
156 0.250 0.494 0.0106 1.73 228 285 352 512 3.08 479 568 896 0.19 1.11
157 0.229 0.445 0.0117 1.32 196 220 416 3.61 289 556 594 923 050 223
158 0.198 0.378 0.0122 1.14 175 199 376 3.07 240 484 521 796 043 2.07
159 0.180 0.344 0.0120 120 1.70 2.08 393 325 253 470 533 814 045 2.06
160 0.157 0.284 0.0128 102 1.51 182 344 257 204 404 452 655 036 1.78
161 0.128 0.221 0.0148 0.74 121 1.33 203 133 126 2.72 286 394 0.16 0.95
162 0.102 0.175 0.0155 0.59 1.03 1.18 1.81 1.18 097 230 249 343 0.15 101
163 0.099 0.176 0.0156 058 099 1.12 171 112 096 220 236 337 014 0.93
164 0.091 0.153 0.0144 1.01 106 145 221 145 173 231 287 387 0.16 0.57
165 0.092 0.153 0.0133 1.39 1.17 181 290 247 250 265 3.63 481 021 0.56
166 0.085 0.134 0.0141 126 1.08 1.64 263 195 217 233 314 395 0.16 043
167 0.082 0.137 0.0143 1.17 101 148 226 148 201 220 285 381 0.16 041
168 0.077 0.122 0.0136 143 1.07 178 286 239 255 240 351 442 020 047
169 0.077 0.128 0.0147 1.04 097 141 215 141 177 211 273 362 0.16 048
170 0.077 0.140 0.0162 0.60 0.83 1.00 157 1.00 1.02 189 210 3.05 0.15 0.71
171 0.071 0.118 0.0165 0.66 0.83 1.06 1.62 106 1.10 184 2.14 284 0.14 0.60
172 0.071 0.115 0.0158 0.89 0.88 122 186 122 150 193 239 307 0.15 046
173 0.065 0.099 0.0168 096 081 1.10 1.68 1.10 1.64 178 210 257 0.14 027
174 0.061 0.088 0.0146 1.34 092 1.62 261 1.87 227 196 3.00 347 0.15 033
175 0.056 0.078 0.0173 084 077 1.13 1.73 1.13 140 171 220 244 0.15 040
176 0.046 0.059 0.0254 0.15 0.53 054 084 054 023 140 141 144 0.15 1.00
177 0.060 0.080 0.0181 074 078 1.06 1.62 106 124 1.75 212 227 0.14 045
178 0.065 0.090 0.0167 0.89 0.86 124 189 124 151 191 243 269 0.15 045
179 0.064 0.086 0.0176 0.77 0.82 1.12 172 112 129 186 225 241 0.14 048
180 0.075 0.112 0.0151 1.09 098 146 224 146 186 2.16 285 338 0.16 046
181 0.085 0.130 0.0161 0.87 096 122 186 122 148 2.15 247 3.02 0.15 050
182 0.115 0.203 0.0150 0.60 1.12 125 191 125 1.01 249 266 377 015 1.11
183 0.138 0.230 0.0144 0.70 1.31 147 224 147 1.18 294 3.15 421 0.16 124
184 0.160 0.292 0.0139 0.57 140 147 224 147 096 3.14 323 472 0.16 173
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bt# Ub Ab fews U#cg  Uxws  U#cws  Ukcwe  Ukewb Use Usw  U¥ew Sew Z0 Z0c
185 0.178 0.336 0.0136 027 148 148 227 148 043 333 334 506 0.16 3.27
186 0.186 0.319 0.0131 074 165 181 341 2.60 145 451 473 651 037 2.69
187 0.141 0.234 0.0140 089 1.37 158 3.00 159 1.64 339 3.69 489 024 129
188 0.147 0.245 0.0146 092 134 142 218 142 1.62 3.02 3.11 4.16 0.16 0.76
189 0.146 0.257 0.0137 081 137 156 238 1.56 139 3.06 331 467 0.17 1.15
190 0.126 0.202 0.0150 062 122 137 209 137 103 276 294 379 0.16 124
191 0.130 0.217 0.0153 040 1.19 125 191 125 0.65 271 278 372 0.15 177
192 0.103 0.171 0.0167 029 098 1.02 1.56 1.02 046 223 228 3.04 0.14 1.64
193 0.097 0.156 0.0175 040 093 095 149 095 066 221 224 288 0.15 1.21
194 0.098 0.174 0.0157 053 099 1.12 1.70 1.12 0.87 220 237 334 0.14 1.05
195 0.095 0.154 0.0150 087 1.06 135 2.07 135 149 234 275 357 0.16 0.66
196 0.096 0.135 0.0145 1.36 1.18 1.71 274 218 240 266 339 380 0.18 044
197 0.098 0.131 0.0148 1.34 120 170 273 217 236 271 340 3.63 0.18 045
198 0.098 0.139 0.0155 1.20 1.11 144 220 144 208 249 287 326 0.16 0.37
199 0.075 0.098 0.0163 1.06 097 139 212 1.39 1.82 217 273 285 0.16 041
200 0.086 0.120 0.0178 051 093 1.06 1.61 1.06 0.83 2.14 229 254 0.14 090
201 0.076 0.114 0.0196 022 077 0.79 124 079 034 190 192 230 0.15 142
202 0.082 0.125 0.0185 031 0.83 0.87 137 087 049 199 204 250 0.15 1.27
203 0.088 0.139 0.0185 0.04 0.84 084 132 0.84 0.05 205 205 2.61 0.15 243
204 0.098 0.169 0.0171 027 091 092 144 092 043 217 218 3.02 0.15 1.66
205 0.081 0.120 0.0177 0.67 087 1.00 157 1.00 1.15 204 219 259 0.15 0.58
206 0.082 0.131 0.0162 069 092 1.15 176 1.15 1.16 2.06 236 3.01 0.15 0.68
207 0.077 0.121 0.0171 065 085 1.02 156 1.02 109 191 212 267 014 0.58
208 0.082 0.125 0.0157 093 097 129 197 129 159 2.14 257 314 0.15 048
209 0.093 0.148 0.0159 0.86 099 120 1.83 120 148 222 246 3.13 0.15 0.50
210 0.088 0.134 0.0163 0.68 0.97 1.17 179 1.17 1.14 217 244 298 0.15 0.73
211 0.083 0.125 0.0156 091 098 133 2.04 133 1.54 219 267 323 0.16 0.56
212 0.073 0.115 0.0172 084 0.82 1.00 156 1.00 146 186 2.04 259 0.15 0.34
213 0.076 0.120 0.0149 1.04 096 142 216 142 178 210 275 351 0.16 048
214 0.077 0.127 0.0142 1.16 1.00 153 234 1,53 200 217 295 391 0.17 046
215 0.143 0.208 0.0142 1.27 146 176 333 241 256 396 437 506 034 105
216 0.202 0.315 0.0136 1.02 174 1.82 344 268 211 490 498 622 037 189
217 0249 0.416 0.0127 0.76 2.01 205 387 337 157 589 593 793 046 3.73
218 0.276 0475 0.0122 073 217 219 401 377 152 631 633 870 047 432
219 0299 0.542 0.0114 0.82 238 250 3.63 450 153 577 595 8.63 028 3.57
220 0.346 0.627 0.0103 1.81 291 342 342 670 3.16 592 6.70 972 0.17 144
221 0.362 0.639 0.0105 1.75 294 329 329 647 303 595 647 915 0.16 137
222 0.370 0.671 0.0108 1.38 2.84 297 318 576 233 566 584 848 0.14 1.64
223 0.332 0.560 0.0109 1.55 2773 305 319 586 262 545 590 796 0.14 132
224 0.373 0.683 0.0103 1.70 299 335 335 661 295 6.08 6.61 968 0.16 1.56
225 0.354 0.659 0.0107 1.07 276 296 323 566 179 553 579 863 0.14 243
226 0.299 0.581 0.0114 059 230 234 382 410 1.13 6.07 6.12 950 037 522
227 0.258 0.469 0.0121 0.58 2.07 214 404 357 119 601 6.10 886 049 5.04
228 0299 0.556 0.0116 0.55 231 235 378 4.15 105 607 6.12 9.12 036 5.25
229 0.357 0.681 0.0109 091 266 2.69 336 507 160 576 579 885 0.18 3.04
230 0.254 0461 0.0122 0.53 2.04 210 398 348 1.06 590 599 8.69 048 5.19
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bt# Up Ap fows Utcg  Usws  U#cws  Ukcwe  Uxcwb Uzc Uty Ukcw  Ocw Z0 Z0c
231 0.249 0475 0.0119 096 202 212 4.02 350 205 577 593 906 048 3.27
232 0.217 0397 0.0123 1.04 1.85 2.02 382 319 220 522 547 801 044 249
233 0.227 0402 0.0116 1.52 2.07 248 385 426 3.04 522 587 829 034 1.58
234 0.187 0.340 0.0120 1.38 1.78 220 4.16 354 298 503 573 831 049 191
235 0.200 0.363 0.0120 1.21 1.84 219 415 356 259 522 581 843 049 238
236 0.162 0.286 0.0120 1.57 1.67 223 358 356 3.09 414 503 7.10 031 1.04
237 0.148 0256 0.0130 121 148 1.85 351 266 247 399 457 634 038 138
238 0.118 0.196 0.0147 090 1.19 140 2.14 140 156 2.66 292 387 0.16 0.70
239 0.125 0.211 0.0147 .00 121 137 209 137 175 271 288 388 0.16 055
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bt Mp A Qb Qs Qb-dir
1 1.6 14.1 0.000174 0.000000 51
2 1.5 13.6 0.000116 0.000000 77
3 1.4 129 0.000057 0.000000 158
4 1.4 12.2 0.000000 0.000000 0
5 1.4 12.2 0.000000 0.000000 0
6 1.6 14.2 0.000192 0.000000 4
7 2.6 17.3 0.001454 0.000000 32
8 3.1 203 0.001420 0.000000 o©64
9 3.1 21.2 0.000615 0.000000 169
10 2.6 212 0.000446 0.000000 190
11 3.0 21.2 0.000435 0.000000 191
12 277 17.9 0.000405 0.000000 205
13 2.8 184 0.000518 0.000000 188
14 29 19.3 0.001793 0.000000 182
15 2.5 21.2 0.001578 0.000000 197
16 3.1 20.6 0.002429 0.000000 218
17 2.4 16.3 0.000667 0.000000 242
18 1.6 14.3 0.000096 0.000000 304
19 1.6 14.3 0.000105 0.000000 28
20 1.6 144 0.000115 0.000000 72
21 1.6 14.5 0.000214 0.000000 167
22 2.1 14.1 0.000707 0.000000 200
23 2.0 13.2 0.000633 0.000000 222
24 1.5 13.5 0.000086 0.000000 245
25 1.4 12,5 0.000025 0.000000 241
26 1.4 13.1 0.000064 0.000000 225
27 1.5 13,7 0.000121 0.000000 223
28 1.6 129 0.000575 0.000000 234
29 1.5 13.9 0.000161 0.000000 262
30 1.2 10.0 0.000415 0.000000 322
31 1.5 14.0 0.000171 0.000000 343
32 1.4 12.2 0.000000 0.000000 0
33 1.4 12.2 0.000000 0.000000 0
34 1.4 12.2 0.000000 0.000000 0
35 1.4 12.2 0.000000 0.000000 0
36 1.4 122 0.000000 0.000000 0
37 1.4 12.2 0.000000 0.000000 0
38 1.4 12.2 0.000000 0.000000 0
309 1.4 122 0.000000 0.000000 0
40 1.4 12,5 0.000031 0.000000 170
41 1.3 11.0 0.000513 0.000000 239
42 22 18.0 0.001679 0.000000 255
43 1.8 21.2 0.002150 0.003513 295
44 0.0 0.0 0.004064 0.000178 318
45 1.8 212 0.000606 0.000986 320
46 0.0 0.0 0.000857 0.000022 323
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bt# Mp Ap Qb Qs Qb-dir
47 0.0 0.0 0.000223 0.000019 219
48 0.0 0.0 0.000457 0.000009 344
49 0.0 0.0 0.000127 0.000005 144
50 0.7 212 0.000104 0.000044 125
51 0.0 0.0 0.000588 0.000008 163
52 0.0 0.0 0.001383 0.000022 176
53 1.3 21.2 0.000738 0.000537 194
54 3.1 21.2 0.000586 0.000000 241
55 2.8 21.2 0.001255 0.000000 333
56 29 194 0.001537 0.000000 2
57 2.1  14.2 0.000405 0.000000 27
58 2.2 144 0.000444 0.000000 53
59 2.1 14.1 0.000238 0.000000 121
60 1.5 13.6 0.000011 0.000000 155
61 1.5 13.7 0.000006 0.000000 7
62 1.4 129 0.000006 0.000000 33
63 1.5 13.3 0.000036 0.000000 177
64 1.4 12.8 0.000040 0.000000 186
65 1.6 14.2 0.000147 0.000000 205
66 1.6 14.1 0.000142 0.000000 223
67 1.4 1277 0.000041 0.000000 297
68 1.5 14.0 0.000155 0.000000 354
69 1.5 13.4 0.000098 0.000000 22
70 1.5 139 0.000146 0.000000 46
71 1.5 13.6 0.000116 0.000000 o1
72 1.4 12.2 0.000000 0.000000 0
73 1.4 12.2 0.000000 0.000000 0
74 1.4 12.2 0.000000 0.000000 0
75 1.4 12.2 0.000000 0.000000 0
76 1.5 13.3 0.000087 0.000000 165
77 1.5 13.8 0.000143 0.000000 169
78 1.6 12.9 0.000617 0.000000 219
79 1.3 11.0 0.000539 0.000000 248
80 1.5 13.8 0.000171 0.000000 306
81 1.5 14.0 0.000196 0.000000 340
82 1.5 13.2 0.000099 0.000000 7
83 1.4 13.0 0.000077 0.000000 64
84 1.4 12.2 0.000000 0.000000 0
85 1.4 12.2 0.000000 0.000000 0
86 1.4 12.2 0.000000 0.000000 0
87 1.4 12.2 0.000000 0.000000 0
88 1.4 12.2 0.000000 0.000000 0
89 1.4 13.1 0.000074 0.000000 223
90 1.6 14.3 0.000233 0.000000 224
91 1.6 14.1 0.000229 0.000000 247
92 1.5 134 0.000174 0.000000 311
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bt# M M Qv Qs Qb-dir
93 1.3 10.8 0.000541 0.000000 342
94 1.5 13.7 0.000206 0.000000 15
95 1.5 139 0.000186 0.000000 58
96 1.5 139 0.000170 0.000000 96
97 1.4 129 0.000070 0.000000 150
98 1.4 12.2 0.000000 0.000000 0
99 14 122 0.000000 0.000000 0
100 14 122 0.000000 0.000000 0
101 1.4 12.2 0.000000 0.000000 0
102 14 122 0.000000 0.000000 0
103 14 12.2 0.000000 0.000000 0
104 1.4 122 0.000000 0.000000 0
105 1.7 13.9 0.000526 0.000000 11
106 3.1 21.2 0.001594 0.000000 24
107 1.8 21.2 0.001903 0.003360 56
108 1.8 21.2 0.001714 0.003434 132
109 0.0 0.0 0.006237 0.000342 171
110 03 21.2 0.002031 0.000701 193
111 1.5 212 0.001287 0.001584 224
112 3.1 20.8 0.001733 0.000000 263
113 2.9 19.3 0.000960 0.000000 241
114 2.8 19.0 0.001430 0.000000 213
115 3.1 20.9 0.002085 0.000000 220
116 2.4 16.1 0.000996 0.000000 253
117 2.5 21.2 0.001748 0.000000 333
118 1.9 21.2 0.001948 0.003158 349
119 22 145 0.000674 0.000000 14
120 1.3 104 0.000348 0.000000 79
121 2.6 17.0 0.001405 0.000000 159
122 19 16.0 0.000824 0.000000 185
123 1.7 13.8 0.000551 0.000000 223
124 1.5 13.5 0.000121 0.000000 288
125 1.5 133 0.000082 0.000000 314
126 14 12.6 0.000033 0.000000 201
127 1.5 13.3 0.000079 0.000000 195
128 1.6 13.3 0.000684 0.000000 224
129 1.5 13.8 0.000239 0.000000 270
130 1.7 14.5 0.000888 0.000000 330
131 1.9 15.5 0.001226 0.000000 6
132 1.6 144 0.000223 0.000000 45
133 1.4 12.5 0.000026 0.000000 150
134 1.6 14.1 0.000176 0.000000 153
135 1.5 14.0 0.000181 0.000000 192
136 14 12.2 0.000000 0.000000 0
137 14 12.2 0.000000 0.000000 0
138 1.4 12.2 0.000000 0.000000 0



Appendix 4b page 4

bth M M Qv Qs Qo-dir
139 1.6 144 0.000243 0.000000 199
140 1.7 14.3 0.001030 0.000000 223
141 1.7 14.2 0.000981 0.000000 249
142 1.9 15.5 0.001337 0.000000 310
143 2.1 17.1 0.002030 0.000000 344
144 13 11.0 0.000514 0.000000 19
145 1.6 143 0.000224 0.000000 76
146 1.5 13.2 0.000098 0.000000 148
147 1.5 13.2 0.000091 0.000000 172
148 1.4 13.1 0.000079 0.000000 243
149 1.6 14.1 0.000208 0.000000 313
150 1.4 122 0.000000 0.000000 0
151 1.4 12.2 0.000000 0.000000 0
152 1.5 13.5 0.000162 0.000000 203
153 1.5 14.0 0.000249 0.000000 238
154 24 163 0.001017 0.000000 291
155 0.0 0.0 0.005615 0.000275 349
156 1.3 21.2 0.001850 0.001413 7
157 3.1 209 0.002158 0.000000 59
158 2.8 18.4 0.001282 0.000000 158
159 29 19.2 0.001861 0.000000 175
160 2.4 16.1 0.000924 0.000000 205
161 1.5 13.6 0.000066 0.000000 317
162 14 12.9 0.000051 0.000000 354
163 1.4 12.6 0.000034 0.000000 175
164 1.6 14.1 0.000165 0.000000 172
165 1.6 13.6 0.000628 0.000000 207
166 13 11.2 0.000409 0.000000 238
167 1.6 14.2 0.000223 0.000000 314
168 1.6 13.2 0.000659 0.000000 344
169 1.5 13.9 0.000156 0.000000 49
170 1.4 12.2 0.000000 0.000000 0
171 1.4 124 0.000019 0.000000 166
172 1.4 13.1 0.000076 0.000000 210
173 1.4 12.6 0.000046 0.000000 312
174 1.3 10.9 0.000478 0.000000 332
175 1.4 12.7 0.000049 0.000000 12
176 1.4 12.2 0.000000 0.000000 0
177 14 12.4 0.000020 0.000000 215
178 1.5 13.2 0.000083 0.000000 234
179 14 127 0.000043 0.000000 276
180 1.6 14.2 0.000188 0.000000 326
181 1.4 13.1 0.000071 0.000000 340
182 1.5 13.2 0.000068 0.000000 126
183 1.6 14.2 0.000109 0.000000 152
184 1.6 14.2 0.000059 0.000000 177
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bt# Mp }\p Qb Qs Qbdir
185 1.6 143 0.000012 0.000000 292
186 2.4 162 0.000592 0.000000 346
187 1.7 11.6 0.000438 0.000000 3
188 1.5 14.0 0.000120 0.000000 75
189 1.6 14.6 0.000147 0.000000 141
190 1.5 13.8 0.000090 0.000000 145
191 1.5 13.2 0.000033 0.000000 158
192 1.3 122 0.000000 0.000000 0
193 14 12.2 0.000000 0.000000 0
194 1.4 12.6 0.000033 0.000000 141
195 1.5 13.7 0.000114 0.000000 162
196 1.5 12.3 0.000558 0.000000 196
197 1.5 12.2 0.000533 0.000000 222
198 1.6 14.1 0.000270 0.000000 253
199 1.5 13.8 0.000154 0.000000 327
200 1.4 12.4 0.000015 0.000000 355
201 1.4 12.2 0.000000 0.000000 O
202 1.4 12.2 0.000000 0.000000 0
203 1.4 12.2 0.000000 0.000000 0
204 14 122 0.000000 0.000000 0
205 14 122 0.000000 0.000000 0
206 14 12.8 0.000047 0.000000 65
207 1.3 122 0.000000 0.000000 0
208 1.5 13.4 0.000099 0.000000 145
209 1.4 13.0 0.000063 0.000000 234
210 14 129 0.000052 0.000000 243
211 1.5 13.6 0.000112 0.000000 311
212 14 122 0.000000 0.000000 0
213 1.5 14.0 0.000161 0.000000 58
214 1.6 145 0.000238 0.000000 85
215 23 154 0.001041 0.000000 85
216 2.5 16.6 0.000694 0.000000 104
217 3.0 19.8 0.000516 0.000000 99
218 3.1 21.2 0.000282 0.000000 114
219 2.1 212 0.000558 0.000870 174
220 0.0 0.0 0.003543 0.000107 164
221 0.0 0.0 0.002455 0.000074 193
222 04 21.2 0.000886 0.000506 224
223 03 21.2 0.001554 0.000637 312
224 0.0 0.0 0.002674 0.000082 340
225 0.6 21.2 0.001003 0.000302 342
226 2.6 21.2 0.000225 0.000000 336
227 3.1 207 0.000611 0.000000 110
228 2.6 21.2 0.000215 0.000000 280
229 14 21.2 0.000308 0.000434 239
230 3.0 20.3 0.000542 0.000000 301
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bt# M M Qb Qs Qb-dir
231 3.1 20.3 0.001059 0.000000 262
232 2.8 19.0 0.001123 0.000000 257
233 24 21.2 0.001415 0.000000 262
234 3.1 20.5 0.002602 0.000000 262
235 3.1 20.6 0.002306 0.000000 281
236 2.2 18.7 0.001455 0.000000 314
237 2.5 16.5 0.001169 0.000000 318
238 1.5 139 0.000114 0.000000 34
239 1.5 13.8 0.000141 0.000000 101



Appendix 5

The burst-averaged data of wave, current and sediment suspension for the SI97b Ralph deployment.
Listed parameters are as defined in Appendix 1.
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BT JD Hour depth uso  Cair Hs Tz  Wair 0bsl
1 99 13 2862 1022 172 050 88 119 100
2 99 14 2350 8.61 163 054 93 111 103
3 99 15 2827 515 172 055 88 117 92
4 99 16 23.01 458 160 055 91 295 89
5 99 17 2272 3.25 34 058 9.1 119 96
6 99 18 2253 6.44 18 055 89 121 95
7 99 19 2244 7.48 11 056 86 119 107
8 99 20 2254 11.31 19 049 9.0 301 117
9 99 21 2281 9.01 19 054 89 295 127

10 99 22 2312 5.51 21 053 89 119 118
11 99 23 2344 277 140 0.51 89 131 97
12 100 0 2370 939 170 049 85 137 132
13 100 1 23.77 1836 176 049 89 137 82
14 100 2 2367 21.71 182 048 8.3 143 78
15 100 3 2347 1897 181 050 8.6 143 76
16 100 4 2318 1947 187 048 9.0 153 75
17 100 5 2288 935 187 050 84 133 75
18 100 6 2261 363 136 047 92 303 74
19 100 7 2244 3.77 38 049 84 125 74

20 100 8 2243 8283 15 044 94 313 74

21 100 9 22,57 10.07 15 047 9.2 325 74

22 100 10 22.84 10.28 11 048 8.6 321 74

23 100 11 23.19 597 15 046 9.5 319 74

24 100 12 2347 3.61 71 045 10.0 5 75
25 100 13 2365 586 166 041 10.0 329 75
26 100 14 2363 976 169 042 95 335 75
27 100 15 2351 694 164 042 93 3 74
28 100 16 23.30 343 77 042 96 329 74
29 100 17 23.04 8.50 37 047 100 105 74
30 100 18 22.83 11.28 20 045 95 39 75
31 100 19 22.69 14.82 17 048 94 85 75
32 100 20 2266 13.26 12 048 92 111 75
33 100 21 22.77 14.95 12 049 8.9 15 76
34 100 22 23.00 12.77 14 048 9.2 329 78
35 100 23 2331 9.26 19- 052 9.2 3 78
36 101 0 2361 269 63 048 95 93 78

37 101 1 2379 840 163 056 9.6 357 79

38 101 2 2385 1270 163 058 87 327 78

39 101 3 2373 1570 166 055 9.1 339 76

40 101 4 2353 1583 180 058 9.1 339 75

41 101 5 2322 1119 178 055 8.7 341 74

42 101 6 2295 664 154 063 8.9 9 74

43 101 7 2272 295 13 060 94 351 75

44 101 8 2258 8.07 34 0.60 9.2 343 74

45 101 9 2261 6.89 23 059 98 17 74

46 101 10 2277 7.23 20 0.56 9.1 353 74
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BT JD Hour depth uso  Cdir Hs T,  Wair  obsl
47 101 11 23.01 9.26 22 056 959 19 75
48 101 12 2329 5.60 41 053 9.9 13 74
49 101 13 2351 189 100 046 9.8 13 75
50 101 14 2363 410 166 045 10.0 1 75
51 101 15 2359 7.33 180 045 105 11 74
52 101 16 2345 0.64 58 0.52 99 25 74
53 101 17 23.25 3.60 9 050 92 355 74
54 101 18 23.03 9.13 13 048 105 25 74
55 101 19  22.84 14.41 15 048 104 33 74
56 101 20 2274 13.19 13 050 95 21 75
57 101 21 22.73 15.94 14 0.51 9.2 11 76
58 101 22 2286 13.30 21 0.51 9.3 355 78
59 101 23 23.09 10.75 29 049 94 13 80
60 102 0 2337 647 49  0.51 9.8 1 81
61 102 1 23.62 529 127 045 99 349 80
62 102 2 2373 1548 168 047 96 9 78
63 102 3 2376 2128 178 050 9.1 5 77
64 102 4 2367 2452 180 047 96 3 75
65 102 5 2346 2475 182 048 8.7 7 74
66 102 6 2319 1573 175 053 8.7 343 74
67 102 7 2297 1666 170 050 94 353 73
68 102 8 2279 839 189 052 88 301 73
69 102 9 2269 2.11 191 0.51 8.9 107 74
70 102 10 2274 438 112 050 9.3 299 73
71 102 11 22.87 3.02 59 054 89 111 74
72 102 12 23.08 080 205 0.51 84 317 73



Appendix 6

Predictions by SEDTRANS96 for SI97b Ralph deployment: (a) bottom boundary layer dynamics
parameters; (b) sediment transport parameters. Listed parameters are as defined in Appendix 2.
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bt# up Ap fews U#cs  Ukws  Ukcws  Wicwe  Ukewb Ue Uiy Utew Sew ZQ Z0c
1 0.095 0.133 0.0143 0.56 090 1.02 155 1.02 091 198 211 236 0.09 0.57
2 0.110 0.163 0.0137 0.51 099 1.08 165 1.08 083 217 227 2.69 0.09 0.77
3 0.106 0.149 0.0145 034 094 098 1.50 098 054 2.09 213 239 0.08 1.03
4 0112 0.162 0.0141 032 098 1.02 155 1.02 049 216 220 2.55 0.09 1.20
5 0.120 0.173 0.0142 024 1.01 1.01 155 1.01 037 225 226 262 009 1.50
6 0.112 0.158 0.0144 040 097 1.00 152 1.00 064 216 2.19 248 0.08 0092
7 0.109 0.150 0.0145 045 097 101 154 101 073 216 220 241 0.09 0.80
8 0.101 0.144 0.0143 0.59 092 099 151 099 098 202 209 240 0.08 0.0
9 0.108 0.153 0.0145 051 095 098 150 098 0.83 211 214 242 0.08 0.66
10 0.105 0.148 0.0148 035 091 093 142 093 055 204 205 232 008 094
11 0.099 0.140 0.0149 021 088 090 1.38 090 031 196 198 225 008 1.34
12 0.088 0.119 0.0146 052 087 1.00 1.52 1.00 084 190 2.05 222 0.08 0.58
13 0.094 0.133 0.0130 090 099 130 199 130 1.51 212 253 287 010 0.38
14 0.083 0.110 0.0131 1.02 096 136 2.18 154 1.67 198 252 266 009 028
15 0.093 0.127 0.0131 093 099 132 202 132 155 213 257 281 0.10 0.37
16 0.096 0.137 0.0127 096 1.02 137 220 1.61 158 213 260 298 0.09 0.36
17  0.092 0.123 0.0148 0.52 088 098 1.50 098 084 195 2.06 220 0.08 0.8
18 0.099 0.145 0.0147 026 088 092 140 092 039 195 198 232 008 121
19 0.093 0.124 0.0158 026 0.83 0.83 1.30 0.83 043 224 224 240 0.15 142
20 0.095 0.143 0.0144 047 0.87 094 144 094 076 191 199 238 0.08 0.66
21  0.099 0.145 0.0139 0.56 093 1.05 160 1.05 092 202 216 253 009 0.6l
22 0.092 0.126 0.0145 0.56 0.89 1.01 154 1.01 091 195 2.09 229 009 055
23 0.098 0.147 0.0144 038 0.87 092 141 092 059 192 197 239 0.08 0.87
24 0.099 0.158 0.0145 025 0.86 0.88 1.34 0.88 039 189 191 243 0.08 122
25  0.090 0.143 0.0143 0.37 0.83 090 138 090 058 179 1.88 240 0.08 0.5
26 0.087 0.132 0.0139 0.55 0.86 1.02 155 1.02 0.88 1.85 2.04 247 009 0.58
27 0.086 0.127 0.0146 041 0.82 091 139 091 0.65 1.78 1.89 224 0.08 0.72
28 0.090 0.137 0.0152 024 0.79 0.80 126 0.80 039 211 212 259 015 153
29 0.105 0.168 0.0138 049 093 099 152 099 080 2.03 209 267 0.08 0.71
30 0.097 0.147 0.0134 062 094 1.12 172 1.12 1.02 203 226 273 0.09 0.59
31 0.103 0.154 0.0134 074 097 1.12 172 1.12 124 210 228 272 0.09 042
32 0.101 0.147 0.0141 0.67 092 1.01 155 1.01 111 202 211 247 0.09 042
33 0.098 0.139 0.0131 0.78 1.01 128 195 128 129 216 252 285 0.09 0.50
34 0.099 0.145 0.0135 068 096 1.14 174 1.14 1.12 2.07 229 269 0.09 051
35  0.106 0.155 0.0135 0.55 099 1.13 172 1.13 088 2.15 232 272 009 0.74
36 0.100 0.151 0.0146 020 0.87 0.89 137 089 030 193 195 236 0.08 140
37 0.117 0.179 0.0131 0.52 105 117 179 1.17 083 228 243 297 0.09 0.89
38  0.107 0.148 0.0133 0.70 1.05 125 191 125 1.15 227 253 281 0.09 0.60
39 0.108 0.157 0.0126 0.83 1.08 137 258 1.60 151 265 3.05 353 016 0.77
40 0.115 0.167 0.0125 0.84 1.13 140 264 1.76 155 2.82 320 371 0.17 085
41 0.105 0.145 0.0136 0.63 1.01 1.19 1.81 1.19 103 220 242 268 009 0.64
42 0.125 0.178 0.0135 043 1.10 1.17 178 1.17 069 242 250 283 0.09 1.09
43 0.128 0.192 0.0135 023 1.08 1.10 1.68 1.10 0.35 238 241 288 009 1.75
44 0.126 0.185 0.0135 0.41 1.08 1.14 173 1.14 0.65 239 245 287 009 1.15
45 0.132 0.206 0.0128 046 1.14 123 1838 123 0.74 248 258 322 009 1.17
46 0.115 0.167 0.0136 046 1.03 1.12 171 1.12 073 226 237 274 0.09 0.96
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bt# ub Ap fews U#cs  Uxws  U#cws  Ll*cwe  UWkewb Uske Wiy Whew Sew Z0 Z0c
47 0.125 0.196 0.0127 057 1.11 125 191 125 093 240 257 324 0.09 0.90
48 0.117 0.184 0.0134 0.38 1.01 1.07 1.64 1.07 059 220 227 287 009 1.15
49 0.099 0.155 0.0147 0.15 085 085 133 085 024 225 225 281 015 2.06
50 0.098 0.157 0.0142 029 087 092 140 092 044 190 195 249 008 1.16
51 0.103 0.172 0.0133 045 093 103 1.58 1.03 0.72 2.00 2.12 284 009 0.87
52 0.114 0.179 0.0140 0.06 095 095 146 095 0.08 211 211 266 008 233
53  0.102 0.149 0.0145 026 090 094 143 094 039 2.00 203 238 0.08 125
54 0.112 0.187 0.0128 0.55 1.02 1.15 1.76 1.15 089 217 234 3.13 009 0.82
55 0.112 0.186 0.0122 0.78 1.08 132 202 132 129 228 2.61 345 0.10 0.58
56 0.108 0.163 0.0128 0.72 1.05 127 194 127 1.19 225 2.54 3.07 009 0.60
57 0.107 0.156 0.0126 0.84 1.07 136 257 158 1.51 2.61 3.02 354 0.16 0.75
58 0.107 0.159 0.0129 0.72 1.04 125 191 125 1.19 223 251 297 0.09 058
59 0.103 0.154 0.0133 0.61 098 115 176 1.15 099 2.12 233 279 009 0.65
60 0.111 0.173 0.0137 041 097 103 158 1.03 0.66 2.12 219 273 0.09 097
61 0.098 0.154 0.0142 034 0.87 092 141 092 054 190 196 247 0.08 097
62 0.098 0.150 0.0127 0.80 1.00 127 194 127 133 2.13 249 3.04 009 043
63 0.098 0.142 0.0122 1.05 1.07 150 241 205 181 237 298 345 0.12 045
64 0.099 0.151 0.0117 1.18 1.10 1.61 259 233 209 249 325 397 0.14 046
65 0.090 0.125 0.0122 1.18 1.06 1.58 254 224 207 238 315 349 013 041
66 0.101 0.140 0.0130 0.82 1.04 132 201 132 136 223 261 289 010 049
67 0.106 0.158 0.0124 0.87 1.07 138 261 168 159 263 3.08 3.68 017 0.5
68 0.103 0.144 0.0145 048 093 099 151 099 078 206 212 238 0.08 0.69
69 0.103 0.146 0.0150 0.17 0.89 0.89 137 0.89 024 2.00 2.00 227 008 1.52
70  0.106 0.156 0.0142 031 094 098 150 098 047 206 211 250 0.08 1.8
71 0.108 0.153 0.0146 023 094 096 146 096 034 2.09 211 239 008 1.40
72 0.093 0.125 0.0158 0.07 0.83 0.83 130 0.83 0.10 225 225 241 015 212
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bt# Np }\p Qb Qs Qb—dir
1 0.8 7.5 0.000029 0.000000 134
2 0.8 7.7 0.000027 0.000000 133
3 0.8 7.4 0.000012 0.000000 134
4 0.8 7.5 0.000012 0.000000 131
5 0.8 7.5 0.000003 0.000000 44
6 0.8 7.4 0.000009 0.000000 353
7 0.8 7.5 0.000013 0.000000 341
8 0.8 7.4 0.000018 0.000000 353
9 0.8 7.4 0.000012 0.000000 5
10 0.8 7.2 0.000005 0.000000 347
11 0.8 7.2 0.000010 0.000000 132
12 0.8 7.4 0.000026 0.000000 146
13 09 84 0.000109 0.000000 159
14 0.7 6.1 0.000184 0.000000 171
15 0.9 84 0.000118 0.000000 165
16 0.8 6.3 0.000169 0.000000 173
17 0.8 7.4 0.000023 0.000000 147
18 0.8 7.2 0.000012 0.000000 124
19 1.4 12.2 0.000000 0.000000 0
20 0.8 7.3 0.000017 0.000000 326
21 0.8 7.6 0.000033 0.000000 339
22 0.8 7.5 0.000028 0.000000 336
23 0.8 7.2 0.000013 0.000000 327
24 0.8 7.1 0.000001 0.000000 9
25 0.8 7.1 0.000010 0.000000 152
26 0.8 7.5 0.000029 0.000000 159
27 0.8 7.2 0.000012 0.000000 179
28 1.4 12,2 0.000000 0.000000 O
29 0.8 7.4 0.000017 0.000000 76
30 09 7.8 0.000049 0.000000 32
31 09 7.8 0.000047 0.000000 37
32 0.8 7.5 0.000025 0.000000 357
33 09 83 0.000091 0.000000 14
34 09 7.9 0.000053 0.000000 346
35 09 7.8 0.000047 0.000000 7
36 0.8 7.1 0.000008 0.000000 92
37 09 8.0 0.000044 0.000000 172
38 09 82 0.000079 0.000000 153
39 1.1 7.5 0.000309 0.000000 162
40 1.2 8.0 0.000327 0.000000 170
41 09 80 0.000061 0.000000 167
42 0.9 8.0 0.000028 0.000000 173
43 0.9 7.8 0.000008 0.000000 360
44 0.9 7.9 0.000020 0.000000 9
45 0.9 8.1 0.000039 0.000000 20
46 0.9 7.8 0.000031 0.000000 3
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bt Mp M Qb Qs Qu-dir
47 09 82 0.000058 0.000000 20
48 0.8 7.7 0.000020 0.000000 23
49 1.4 12.2 0.000000 0.000000 0
50 0.8 7.2 0.000012 0.000000 180
51 0.8 7.5 0.000030 0.000000 189
52 0.8 7.3 0.000000 0.000000 34
53 0.8 7.2 0.000015 0.000000 356
54 09 7.9 0.000052 0.000000 22
55 0.9 8.4 0.000102 0.000000 26
56 0.9 8.3 0.000086 0.000000 18
57 1.1 7.4 0.000307 0.000000 12
58 0.9 82 0.000080 0.000000 5
59 09 7.9 0.000054 0.000000 18
60 0.8 7.5 0.000019 0.000000 18
61 0.8 7.2 0.000013 0.000000 164
62 0.9 83 0.000091 0.000000 179
63 0.9 7.7 0.000254 0.005929 181
64 1.0 8.6 0.000378 0.007949 181
65 1.0 84 0.000352 0.007501 184
66 0.9 8.4 0.000105 0.000000 169
67 1.2 7.7 0.000335 0.000000 172
68 0.8 7.4 0.000016 0.000000 149
69 0.8 7.1 0.000001 0.000000 141
70 0.8 7.4 0.000017 0.000000 118
71 0.8 7.3 0.000005 0.000000 96
72 1.4 12.2 0.000000 0.000000 0



Appendix 7

The burst-averaged data of wave, current and sediment suspension for the SI97c Ralph deployment.
Listed parameters are as defined in Appendix 1.
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BT JD Hour depth uso Cair Hs Tz  Wair  0bs2
1 102 20 39.82 19.38 237 0.32 144 55 86.8
2 102 21 39.82 19.89 249 035 128 57 85.0
3 102 22 3983 1742 264 035 122 79 83.8
4 102 23 3993 950 315 0.34 126 7 830
5 103 0 40.14 16.55 343 033 13.7 343 822
6 103 1 40.42 23.34 10 033 146 323 824
7 103 2 40.71 2555 33 0.30 1441 25 820
8 103 3 40.86 22.81 52 0.32 155 29 816
9 103 4 40.90 19.05 69 033 126 245 814

10 108 5 40.76 16.52 89 030 132 263 84.0
11 1083 6 4050 1778 105 032 149 277 829
12 1083 7 4030 16.35 132 0.34 13.7 35 807
13 108 8 4010 14.15 151 0.34 144 343 804
14 1083 9 3996 11.16 161 0.36 122 355 79.8
15 108 10 3990 957 183 036 11.9 237 792
16 1083 11 39.91 1049 207 036 128 283 794
17 108 12  40.04 790 235 034 132 51 78.9
18 103 13 4026 7.08 251 036 114 267 79.1
19 108 14 4052 5.07 237 033 144 69 787
20 103 15 40.72 870 217 031 145 29 782
21 103 16 40.78 1350 211 0.33 14.6 69 785
22 103 17 40.72 17.92 216 0.32 14.9 63 783
23 103 18 4058 2144 227 032 144 37 78.0
24 103 19 4041 2312 237 0.34 139 51 77.8
25 103 20 4024 26.083 247 034 144 245 779
26 103 21 40.10 23.50 252 0.34 115 253 779
27 103 22 40.04 15.21 270 0.34 126 61 78.1
28 103 23 40.02 1295 309 034 109 355 779
29 104 0 4014 1798 347 034 119 341 782
30 104 1 40.33 27.61 6 037 96 3 787
31 104 2 40.56 33.68 25 039 10.1 3 790
32 104 3 40.75 30.85 34 057 10.2 9 795
33 104 4 40.84 26.77 53 0.76 104 25 80.7
34 104 5 40.83 24.09 67 1.07 10.8 31 79.0
35 104 6 40.65 21.28 86 127 120 33 7938
36 104 7 40.48 18.33 98 122 11.2 35 79.2
37 104 8 4031 1512 122 122 114 35 79.0
38 104 9 40147 12.47 140 1.34 11.2 33 796
39 104 10 40.05 982 161 1.16 112 33 793
40 104 11 3995 9.06 178 1.49 11.2 31 791
41 104 12 3993 366 173 1.46 11.7 41 7941
42 104 13 4008 255 119 156 11.5 39 796
43 104 14  40.30 2.19 93 161 122 33 80.8
44 104 156 4054 233 168 1.34 11.9 37 80.3
45 104 16 4063 4.08 176 154 124 55 80.2
46 104 17 4065 650 194 133 122 47 80.8
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BT JD Hour depth uso  Cuir Hs T, Wair obs2
47 104 18 4062 792 208 129 115 47 80.6
48 104 19 4047 9.33 223 1.08 117 49 80.3
49 104 20 4033 7.87 238 1.34 120 41  80.7
50 104 21 40.18 6.56 263 1.35 11.9 37 80.2
51 104 22 40.09 826 275 123 119 43 79.5
52 104 23 40.02 6.41 295 1.25 117 37 794
53 105 0 40.03 6.80 307 0.89 1038 43 794
54 105 1 40.09 1146 323 0.94 115 37 795
55 105 2 4021 999 343 0.84 111 37 799
56 105 3 4049 13.84 359 0.89 115 51 801
57 105 4 40.66 11.04 25 071 1141 45 79.9
58 105 5 40.73 9.31 55 0.83 11.7 47 79.6
59 105 6 40.72 12.01 82 0.81 11.1 49 80.1
60 105 7 4063 11.70 109 0.61 114 51 80.6
61 105 8 40.51 18.62 133 0.58 115 41 80.6
62 105 9 40.34 1598 159 0.69 1141 39 80.3
63 105 10 40.20 1776 171 0.63 105 27 795
64 105 11 40.04 18.15 186 0.68 11.1 33 791
65 105 12  40.00 1429 196 0.73 11.1 37 78.6
66 105 13 40.05 16.53 210 0.67 10.8 45 78.6
67 105 14 4019 1128 239 063 105 47 78.6
68 105 15 4040 1019 243 0.63 104 45 78.8
69 105 16 4056 8.80 239 0.61 10.9 55 784
70 105 17 40.69 1043 232 0.53 105 49 784
71 105 18 40.74 16.44 212 052 10.5 59 784
72 105 19 40.71 1324 215 051 102 47 784
73 105 20 4062 1549 214 0.b2 9.8 47 78.3
74 105 21 40.52 12.37 228 0.51 10.6 49 783
75 105 22 40.39 12.86 244 054 99 51 78.5
76 105 23 4025 986 260 053 104 47 78.6
77 106 0 40.16 6.83 265 0.51 9.8 43 78.5
78 106 1 40.16 9.61 324 0.51 9.9 37 786
79 106 2 40.26 13.73 343 0.51 94 29 79.0
80 106 3 4040 14.85 0 049 102 33 793
81 106 4 4059 13.90 16 0.46 9.9 43 792
82 106 5 40.74 13.16 26 045 10.2 41 793
83 106 6 40.79 16.65 42 0.45 9.6 27 7941
84 106 7 40.79 13.81 61 044 93 53 7941
85 106 8 40.72 19.20 75 0.45 1041 61 79.2
86 106 9 4060 17.93 88 044 9.9 61 793
87 106 10 4045 15.88 121 0.48 9.8 51 792
88 106 11 4029 1295 142 0.51 94 47 79.0
89 106 12 4015 17.00 153 0.52 9.2 43 79.0
90 106 13 40.10 15.07 171 050 8.5 63 78.8
91 106 14 4013 8.70 189 0.51 8.7 59 78.8
92 106 15 40.23 1024 208 0.53 8.6 55 78.8
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BT JD Hour depth uso  Cair Hs Tz  Wiair  0bs2
93 106 16 4040 8.18 183 049 83 57 80.0

94 106 17 4057 8.02 197 046 84 65 78.9

95 106 18 4070 9.19 180 045 8.6 71 78.8

96 106 19 40.73 10.02 180 045 8.3 67 789

97 106 20 40.72 1166 183 044 91 61 78.8
98 106 21 40.64 1276 194 043 91 61 78.8

99 106 22 4054 1599 213 043 9.0 69 787
100 106 23 40.35 1328 220 045 8.7 63 78.6
101 107 0 4026 1342 228 044 85 55 787
102 107 1 40.15 1019 253 045 83 57 78.8
103 107 2 4012 1029 277 045 85 49 79.0
104 107 3 4020 9383 329 045 83 17 791
105 107 4 40.35 12.38 352 045 8.3 21 79.2
106 107 5 4054 14.98 1 0.42 8.9 15 79.4
107 107 6 40.70 13.97 20 0.40 9.0 51 793
108 107 7 40.78 11.47 43 042 8.8 65 794
109 107 8 40.81 11.92 62 042 95 71 79.0
110 107 9 40.75 11.80 83 040 95 65 78.8
111 107 10 4061 948 104 0.39 104 61 78.8
112 107 11 40.48 8.74 143 0.40 9.6 47 78.9
113 107 12 40.31 9.67 160 0.42 9.8 51 78.9
114 107 13 40.16 9.14 171 0.41 89 337 788
115 107 14 4007 53838 190 040 958 43 78.8
116 107 15  40.09 1.1 217 041 10.0 63 7941
117 107 16 4022 217 351 042 986 31 792
118 107 17 4041 3.02 11 0.41 9.6 45 79.3
119 107 18 40.61 2.73 42 0.38 104 17  79.2
120 107 19 4075 364 105 0.37 108 51 792
121 107 20 4080 567 152 0.38 104 37 794
122 107 21 40.78 7.68 157 0.38 10.5 29 79.2
123 107 22 40.70 8.35 171 0.36 10.2 15 793
124 107 23 4055 6.28 178 0.37 10.0 33 793
125 108 0 4041 693 195 0.39 108 65 79.1
126 108 1 40.23 4.71 216 040 111 47 794
127 108 2 40.09 359 220 040 10.9 59 79.3
128 108 3 4010 447 270 040 9.6 57 797
129 108 4 4016 592 340 040 9.0 303 79.8
130 108 5 40.36 6.97 8 0.39 10.0 15 80.0
131 108 6 40.55 7.04 18 0.38 11.9 5 802
132 108 7 40.71 845 37 035 11.9 29 801
133 108 8 40.81 6.89 68 037 109 251 797
134 108 9 40.81 b.b5 85 0.37 117 253 79.6
135 108 10 40.73 525 123 036 13.0 273 795
136 108 11 40.62 534 153 0.36 10.9 37 79.6
137 108 12 4042 3.99 160 0.38 10.8 37 794
138 108 13 4020 416 181 0.39 10.8 59 794
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BT JD Hour depth uso  Cuir Hs T,  Wair  0bs2
139 108 14 4010 4.04 209 0.39 10.0 59 79.7
140 108 15 40.02 469 246 039 10.9 49 797
141 108 16 40.07 3.87 294 0.39 10.8 63 80.0
142 108 17 4023 447 320 040 105 41 804
143 108 18 40.47 5.15 1 039 11.7 69 804
144 108 19 40.66 3.58 23 036 120 351 80.1
145 108 20 40.79 4.00 3 037 120 271 797
146 108 21 40.86 4.43 42 0.38 12.0 51 8041
147 108 22 40.82 3.91 25 038 114 11 79.8
148 108 23 4071  2.91 48 036 119 307 79.7
149 109 0 4054 152 201 0.36 112 257 797
150 109 1 40.33 3.09 285 039 105 245 801
151 109 2 40.14 7.61 275 040 105 257 80.0
152 109 3 4005 1002 301 040 112 249 80.1
153 109 4 40.08 12.04 319 040 938 1 80.0
154 109 5 40.16 16.35 343 042 95 337 80.0
155 109 6 40.35 17.31 356 046 85 359 80.0
156 109 7 40.57 22.03 2 049 98 31 799
157 109 8 40.79 17.05 12 054 9.8 13 80.2
158 109 9 40.89 9.96 25 075 91 49 799
159 109 10 40.88 10.42 38 0.80 93 69 794
160 109 11 40.77 5.06 59 094 96 57 78.9
161 109 12 40.60 2.64 31 1.02 10.2 283 792
162 109 13 40.38 227 313 148 104 9 795
163 109 14 40.15 1.48 228 1.62 105 11 834
164 109 15 39.98 278 294 160 11.2 9 804
165 109 16 3995 385 310 179 112 5 8341
166 109 17 4001 642 343 163 11.2 355 834
167 109 18 4022 6.92 2 174 114 3 86.9
168 109 19 4046 862 357 1.67 11.2 5 90.3
169 109 20 4069 6.15 26 141 117 9 86.3
170 109 21 40.80 7.76 47 143 112 359 844
171 109 22 4085 6.28 80 1.43 111 1 84.0
172 109 23 40.74 8.07 88 126 11.1 15 847
173 110 0 4056 696 123 132 111 7 903
174 110 1 40.34 6.44 145 113 10.6 1 893
175 110 2 40.09 541 163 1.16 10.6 3 851
176 110 3 3991 207 208 1.18 10.9 13 851
177 110 4 39.88 4.51 264 1.31 106 3 854
178 110 5 3994 294 323 110 106 15 875
179 110 6 40.07 513 348 130 111 9 855
180 110 7 40.30 8.17 2 110 104 13 825
181 110 8 40.56 8.92 21 1.15 111 1 820
182 110 9 40.74 6.46 42 120 10.9 19 826
183 110 10 4083 4.71 86 1.18 11.9 9 833
184 110 11 40.78 5.30 114 136 120 17 844
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BT JD Hour depth uso Cair Hs T,  Wair _0obs2
185 110 12 40.62 7.89 139 121 114 23 844
186 110 13  40.36 8.58 169 1.36 12.0 19 82.6
187 110 14 4012 11.56 191 121 11.2 33 82.8
188 110 15 3995 973 214 1.24 12.0 21 85.0
189 110 16 39.84 1322 249 114 114 37 84.8
190 110 17 39.84 1245 262 113 114 41 82.6
191 110 18 4000 782 294 0.96 12.0 39 823
192 110 19 40.26 7.91 307 116 11.7 27 83.2
193 110 20 4054 588 333 095 122 23 83.6
194 110 21 40.78 6.84 6 085 11.9 23 82.8
195 110 22 4092 4.15 52 1.02 12.0 23 83.3
196 110 23 4091 3.40 103 0.87 11.9 41 84.3
197 111 0 40.77 8.18 149 0.81 11.5 47 84.8
198 111 1 4054 854 163 0.87 11.7 29 83.6
199 111 2 40.26 10.25 175 082 114 29 8341
200 111 3 40.02 11.98 194 086 114 35 825
201 111 4 3990 949 230 0.76 115 43 83.9
202 111 5 3985 993 246 0.83 12.0 41 844
203 111 6 3993 663 276 075 11.5 33 843
204 111 7 40.14 6.92 330 0.63 11.9 31 836
205 111 8 4042 972 3583 0.70 11.7 27 825
206 111 9 40.65 8.56 10 0.61 11.5 23 824
207 111 10 4082 6.48 41  0.62 11.1 45 82.2
208 111 11 40.85 5.35 100 053 11.2 43 83.1
209 111 12 40.77 7.76 145 0.53 124 21 88.2
210 111 13 40,55 17.07 167 054 11.7 19 841
211 111 14 4029 15.82 185 0.52 10.6 43 84.3
212 111 15  40.02 1595 202 054 11.2 45 82.1
213 111 16 3985 1325 231 050 10.8 51 81.6
214 111 17 39.80 12.61 243 0.51 10.9 45 81.6
215 111 18 39.89 13.09 257 0.49 10.6 43 81.3
216 111 19 40.09 6.39 314 050 115 27 82.0
217 111 20 40.37 8.71 348 0.54 10.8 7 824
218 111 21 40.68 10.23 5 043 117 21 827
219 111 22 40.88 9.62 34 044 114 23 82.8
220 111 23 4097 7.99 60 043 10.9 33 83.0
221 112 0 4086 947 92 041 117 39 849
222 112 1 4068 793 124 0.39 114 51 89.5
223 112 2 4043 12.80 149 040 12.2 21 83.8
224 112 3 4011 1112 170 042 11.7 351 829
225 112 4 3991 844 185 044 117 23 827
226 112 5 3979 785 225 042 117 43 81.8
227 112 6 3980 557 257 041 114 33 81.3
228 112 7 3996 6.14 335 043 111 11 83.0
229 112 8 4022 6.98 359 040 11.7 13 84.6
230 112 9 4050 9.11 28 041 10.8 9 86.0
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BT JD Hour depth uso  Cair H; T, Wair obs2
231 112 10 40.75 8.82 55 0.39 115 19 86.3
232 112 11 40.87 9.78 79 0.39 124 51 86.1
233 112 12 40.86 9.69 113 040 11.2 23 89.9
234 112 13  40.69 11.98 146 0.39 11.7 27 874
235 112 14  40.45 14.08 168 0.39 12.0 3 86.5
236 112 15 40.15 13.98 185 042 11.2 49 834
237 112 16 39.93 16.00 207 040 11.2 35 809
238 112 17 3977 1074 242 040 114 47 80.9
239 112 18 39.79 11.00 265 039 114 47 81.0
240 112 19 3991 6.57 313 0.39 122 25 81.3
241 112 20 4017 1113 352 041 106 7 826
242 112 21 40.52 14.30 11 037 122 353 83.8
243 112 22  40.81 14.94 42 0.37 12.8 39 837
244 112 23 40.97 17.88 59 0.38 126 35 84.2
245 113 0 40.98 20.46 72 0.37 122 69 85.0
246 113 1 40.85 16.83 90 0.36 12.8 253 84.2
247 118 2 4058 1517 116 0.36 13.2 7 838
248 1183 3 40.30 13.67 141  0.37 124 343 829
249 113 4 39.99 1427 161 0.38 115 351 826
250 113 5 39.78 12.15 181 0.38 11.4 49 825
251 113 6 39.72 1024 202 0.37 13.0 69 82.0
252 113 7 39.81 7.49 240 037 124 47 80.9
253 113 8 40.00 856 262 0.37 120 63 81.0
254 113 9 4032 288 311 0.39 115 45 81.0
255 113 10 4061 242 16 0.34 13.7 1 814
256 113 11 40.80 3.18 145 0.35 13.0 7 823
257 113 12 40.88 8.42 163 0.37 141 11 875
258 113 13 40.80 12.89 177 034 132 173 84.3
259 113 14  40.59 1542 187 0.33 134 227 820
260 113 15 40.32 1766 207 0.36 122 193 813
261 113 16 40.00 20.03 235 0.35 141 49 80.6
262 1183 17 3979 19.94 244 035 120 49 80.6
263 1183 18 39.74 18.36 254 0.35 139 63 80.5
264 113 19 39.80 20.10 272 0.35 14.1 37 804
265 113 20 40.02 1156 293 0.37 128 53 80.0
266 113 21 40.32 1723 338 0.39 122 355 79.8
267 113 22 40.64 14.18 5 036 126 11 80.7
268 113 23 4091 16.45 33 048 11.2 17 811
269 114 0 41.04 14.38 57 051 114 15 81.3
270 114 1 40.97 15.88 83 055 114 25 81.9
271 114 2 40.77 1222 108 059 11.2 13 82.8
272 114 3 4049 12.05 138 0.60 114 15 829
273 114 4 4017 13.85 163 0.68 11.2 19 81.6
274 114 5 3991 9.04 181 059 106 19 81.9
275 114 6 39.74 1344 209 059 10.8 5 811
276 114 7 39.72 1152 249 0.54 10.8 23 80.3
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BT JD Hour depth uso  Cair He T, War obs2
277 114 8 39.82 11.30 267 0.54 105 21 80.0
278 114 9 4010 6.98 307 0.50 10.8 17  79.9
279 114 10 4042 7.35 342 049 112 1 799
280 114 11 40.70 4.93 16 043 11.4 3 803
281 114 12 40.89 3.76 83 0.46 10.6 11 80.8
282 114 13 40.89 6.25 151 045 111 3 816
283 114 14  40.72 7.97 170 040 108 357 81.8
284 114 15 40.50 12.84 i85 0.39 11.7 359 80.6
285 114 16 40.20 12.74 213 044 10.9 5 806
286 114 17 39.95 16.57 245 045 10.6 35 81.2
287 114 18 39.79 1763 255 042 10.6 47 80.5
288 114 19 39.82 14.09 281 0.42 10.9 27 80.6
289 114 20 39.92 13.81 309 043 115 1 80.2
290 114 21 40.14 18.38 339 0.42 10.9 1 81.2
291 114 22 40.48 17.51 3 040 109 349 829
292 114 23 40.81 19.49 22 0.38 10.9 17 82.0
293 115 0 41.04 19.82 31 042 112 349 828
294 115 1 41.15 16.54 61 042 104 259 81.9
295 115 2 41.02 13.69 80 0.40 106 41 821
296 115 3 40.68 88 0.36 13.0 73 83.6
297 115 4 40.44 10.16 152 0.39 102 343 83.0
298 115 5 4018 9.36 197 042 10.0 35 823
299 115 6 3992 1196 216 0.41 10.1 27 81.8
300 115 7 39.84 1226 251 0.42 9.3 67 82.2
301 115 8 39.82 1424 260 0.44 8.6 61 81.8
302 115 9 40.00 1464 277 0.44 9.2 65 81.2
303 115 10 40.28 11.64 302 045 8.8 67 81.1
304 115 11 4063 898 318 0.42 102 343 80.7
305 115 12  40.90 566 309 049 92 281 80.9
306 115 13 40.96 3.65 249 049 9.1 315 81.2
307 115 14  40.93 10.61 229 0.52 9.5 29 80.8
308 115 15 40.70 16.39 215 0.53 106 9 804
309 115 16 40.40 19.04 228 0.66 10.6 19 81.0
310 115 17 4013 23.78 240 0.64 105 31 80.9
311 115 18 39,94 2134 252 070 11.9 43 81.2
312 115 19 39.85 17.75 266 0.81 117 37 81.0
313 115 20 39.87 1537 289 1.04 126 27 81.9
314 115 21 40.00 9.02 307 112 124 29 824
315 115 22 40.27 1428 336 1.18 134 27 82.8
316 115 23 40.60 18.33 4 1.06 120 37 819
317 116 0 40.93 16.00 15 1.03 124 25 84.8
318 116 1 41.14 18.37 38 0.89 126 31 83.1
319 116 2 4112 14.56 63 0.86 124 43 82.0
320 116 3 4095 12.60 83 0.96 122 41 81.0
321 116 4 40.67 11.78 104 088 11.9 37 813
322 116 5 40.38 8.92 129 0.77 126 35 829
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BT JD Hour depth uso  Cuir Hs T,  Wdir obs2
323 116 6 40.06 819 152 0.75 115 33 88.7
324 116 7 3987 7.78 170 0.78 11.9 33 874
325 116 8 3981 4.39 175 074 11.2 39 879
326 116 9 3988 326 234 065 115 45 85.8
327 116 10 40.07 227 349 079 11.9 31 896
328 116 11 40.34 498 357 0.67 11.9 31 894
329 116 12 4065 4.10 34 058 11.7 37 961
330 116 13 4084 369 109 056 11.2 45 95.6
331 116 14 40.89 8.17 167 0.52 10.9 55 106.5
332 116 15  40.77 11.72 183 049 11.2 51 945
333 116 16 40.54 11.77 195 0.51 109 51 87.8
334 116 17 40.27 19.74 210 050 11.5 47 824
335 116 18 40.01 16.93 229 048 114 49 815
336 116 19 39.87 1948 242 045 117 51 814
337 116 20 3982 1397 260 051 119 47 827
338 116 21 39.87 9.44 281 046 111 49 82.8
339 116 22 40.05 1587 308 0.42 11.9 49 82.6
340 116 23 40.36 23.05 336 046 11.1 41 82.2
341 117 0 40.70 25.74 4 035 124 55 823
342 117 1 40.97 23.30 25 041 109 57 83.2
343 117 2 4112 16.25 49 042 11.9 61 825
344 117 3 41.07 19.40 123 0.40 120 57 80.7
345 117 4 40.86 14.11 168 042 11.9 55 80.3
346 117 5 4059 1530 188 0.36 11.9 51 80.9
347 117 6 4029 1474 185 0.40 122 45 825
348 117 7 40.03 12.00 191 039 117 43 84.0
349 117 8 3988 995 203 037 119 41 835
350 117 9 3983 764 210 037 112 35 84.0
351 117 10 3992 820 215 037 120 29 828
352 117 11 4015 7.87 223 0.36 12.8 25 85.0
353 117 12 4044 569 220 0.37 111 27 89.2
354 117 13 4070 323 210 0.31 115 29 9741
355 117 14 40.88 6.06 200 0.35 120 47 101.3
356 117 15 4088 9.35 180 0.37 122 57 117.2
357 117 16 40.77 1345 175 035 117 71 959
358 117 17 40.58 1470 180 0.36 122 75 847
359 117 18 40.32 13.38 175 0.36 12.0 69 823
360 117 19 40.07 16.87 195 0.36 126 259 83.7
361 117 20 3995 17.71 210 0.36 126 67 83.0



Appendix 8

Predictions by SEDTRANS96 for SI97¢ Ralph deployment: (a) bottom boundary layer dynamics
parameters; (b) sediment transport parameters. Listed parameters are as defined in Appendix 2.
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bt# Up Ap fews Utcs  U*ws  U#cws  Ukcwe  Udewb Wie Uty Ukcw Sew Z0 Z(c
1 0.059 0.134 0.0114 090 071 1.14 175 1.14 147 142 205 3.74 0.09 026
2 0.058 0.119 0.0118 091 0.72 116 177 116 150 146 209 340 0.09 025
3 0.056 0.108 0.0124 0.81 0.68 1.06 1.62 106 1.32 138 191 298 009 0.26
4 0056 0.111 0.0143 047 058 071 1.11 071 085 145 1.62 259 0.15 0.58
5 0.058 0.125 0.0120 0.78 0.68 1.04 159 1.04 128 137 188 326 0.09 028
6 0.060 0.141 0.0111 1.03 074 122 186 122 170 147 2.15 401 0.09 021
7 0.053 0.120 0.0109 1.13 073 134 2.16 143 182 1.38 228 410 008 0.8
8 0.060 0.148 0.0108 1.03 075 126 192 126 1.70 148 223 439 009 023
9 0.053 0.105 0.0121 087 067 110 1.68 1.10 142 136 196 3.15 0.09 024
10 0.050 0.106 0.0124 0.76 0.62 099 151 099 124 126 177 297 008 024
11 0.059 0.140 00115 083 0.70 1.09 1.66 1.09 136 1.39 195 3.69 009 027
12 0.059 0.129 0.0132 070 0.63 0.82 128 082 129 150 172 299 0.15 032
13 0.062 0.142 0.0121 0.69 0.68 097 148 097 1.12 138 177 325 0.08 032
14 0.057 0.111 0.0136 0.56 0.63 084 1.31 0.84 100 153 1.82 284 0.15 0.57
15 0.055 0.104 0.0147 047 058 071 1.11 071 086 146 1.63 246 0.15 0.56
16 0.060 0.122 0.0144 050 059 069 108 0.69 092 150 160 261 015 051
17 0.058 0.122 0.0139 042 0.59 073 1.14 073 075 148 1.66 279 0.15 0.74
18 0.052 0.094 0.0153 0.38 0.55 066 1.04 066 067 141 156 226 0.15 0.71
19 0.060 0.136 0.0142 0.30 0.57 0.64 1.00 0.64 052 144 153 280 0.15 1.03
20 0.056 0.129 0.0134 045 0.58 074 1.15 074 081 142 1.63 3.02 0.15 0.68
21  0.060 0.140 0.0124 0.65 0.65 0.89 136 089 1.05 131 1.64 3.05 0.08 0.30
22 0.059 0.140 0.0116 083 0.69 1.07 1.63 107 136 138 191 3.62 0.09 0.26
23 0.058 0.132 0.0112 097 0.72 121 185 121 1.60 144 215 394 0.09 024
24 0.060 0.132 0.0111 1.05 076 129 197 129 173 152 230 4.07 0.10 024
25 0.062 0.141 0.0106 1.17 0.80 141 227 174 194 159 251 460 0.10 024
26 0.050 0.092 00119 1.04 070 125 191 125 1.72 141 222 327 009 021
27 0.055 0.111 0.0128 0.71 0.65 095 145 095 1.16 132 173 278 0.08 0.26
28 0.046 0.080 0.0146 0.60 056 079 123 079 108 1.38 1.68 234 0.15 040
29  0.052 0.098 0.0126 0.83 0.66 1.06 1.61 106 135 134 190 2.87 0.09 024
30 0.039 0.061 0.0124 1.18 0.65 135 216 146 190 127 229 281 0.08 0.15
31 0.046 0.073 0.0115 143 074 160 257 221 249 161 295 379 013 022
32 0.068 0.110 0.0114 137 091 1.62 261 229 241 201 3.10 4.04 0.14 029
33 0.092 0.152 0.0113 125 1.06 1.61 259 231 221 235 3.18 420 014 0.39
34 0.139 0.238 0.0108 1.21 1.34 177 3.03 274 238 341 407 559 023 087
35 0.194 0372 0.0102 1.16 1.62 190 292 312 220 384 425 652 0.19 1.03
36 0.170 0304 00110 099 143 163 3.03 246 202 389 417 595 027 1.33
37 0175 0316 0.0114 083 138 143 271 192 160 348 354 513 0.19 1.15
38 0.189 0.337 0.0112 076 148 156 295 234 148 390 4.00 571 022 1.72
39 0.164 0293 0.0115 063 133 143 270 191 1.16 3.37 3.50 499 0.19 1.69
40 0211 0.378 0.0107 0.65 1.65 1.75 290 2.85 120 420 434 620 021 244
41 0219 0408 0.0108 0.33 163 165 293 263 0.60 436 438 653 024 417
42 0229 0421 0.0108 025 1.68 1.69 289 274 044 442 443 650 023 4.66
43 0.252 0491 00103 023 1.81 1.82 283 3.09 038 442 443 6.89 0.18 5.04
44 0201 0.380 0.0110 022 1.51 152 287 224 038 394 395 597 022 435
45 0.243 0480 0.0103 0.37 176 1.78 2.86 298 0.66 437 440 695 020 4.09
46 0206 0.402 0.0106 050 157 1.64 297 255 095 421 430 669 026 3.25
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bt# ub Ap fows U#cs  U#*ws  Uscws  Ukcwe  U¥ewb Use Usw  Udkcew Sew Z0 ZQc
47 0.187 0.343 0.0110 056 148 158 298 237 1.05 3.87 4.00 588 023 250
48 0.160 0297 0.0113 061 132 145 275 198 1.12 332 350 522 0.19 1.82
49 0206 0.395 0.0106 058 1.59 169 295 268 110 415 429 6.58 024 2381
50 0.205 0.387 0.0108 050 156 1.62 298 251 096 424 432 652 026 3.19
51 0.187 0354 0.0110 058 146 153 290 225 1.08 3.78 388 586 022 233
52 0.187 0349 0.0113 047 143 145 273 199 086 3.65 3.67 547 0.19 251
53 0.119 0.204 0.0133 043 099 100 1.53 1.00 0.69 214 216 297 0.09 096
54  0.138 0254 0.0121 066 1.14 122 186 122 1.10 244 253 372 009 0.75
55 0.116 0204 0.0126 058 102 112 172 1.12 095 217 230 324 0.09 0.74
56  0.129 0237 0.0118 076 1.14 131 200 131 127 240 263 386 0.10 0.65
57  0.097 0.170 0.0127 061 092 110 1.68 1.10 1.00 194 217 3.06 0.09 0.60
58  0.122 0227 0.0120 057 107 121 185 121 093 226 244 3.64 0.09 0.90
59  0.110 0.194 0.0123 0.67 1.02 120 1.83 120 1.10 2.15 238 336 0.09 0.64
60 0.087 0.157 0.0133 0.61 0.82 096 147 096 099 174 191 276 0.08 045
61 0.084 0.155 0.0138 0.64 0.77 086 131 0.86 1.06 1.64 172 253 0.08 0.30
62 0095 0.167 0.0126 0.79 092 1.13 173 1.13 131 194 220 3.10 0.09 0338
63 0.080 0.134 0.0126 0.86 087 1.19 1.82 1.19 142 1.82 225 301 0.09 033
64 0.094 0.166 0.0119 091 098 132 201 132 151 2.04 250 353 0.10 040
65 0.101 0.179 0.0122 076 099 124 1.89 124 125 2.08 241 340 009 052
66 0.089 0.153 0.0123 0.83 093 125 190 125 138 195 238 327 0.09 042
67 0.080 0.134 0.0134 060 081 1.01 154 101 097 172 197 263 0.09 048
68 0.078 0.128 0.0138 0.55 078 095 145 095 0.89 1.66 1.88 248 0.08 0.50
69 0.082 0.142 0.0136 050 0.79 093 143 093 0.79 1.68 1.86 259 0.08 0.59
70 0.066 0.111 0.0141 0.54 070 0.89 135 089 0.87 148 1.72 230 0.08 042
71 0.065 0.108 0.0131 0.78 0.75 107 163 1.07 128 156 199 266 0.09 030
72 0.061 0.099 0.0139 0.65 0.69 095 144 095 1.05 145 1.79 233 0.08 033
73 0.056 0.087 0.0139 0.73 0.68 1.00 153 1.00 1.19 143 186 231 0.09 0.28
74 0.066 0.111 0.0137 0.63 072 095 145 095 101 1.50 1.81 246 0.08 0.37
75  0.060 0.095 0.0142 0.64 069 093 143 093 1.03 145 178 223 0.08 0.33
76  0.066 0.108 0.0145 0.51 0.68 0.84 131 084 092 173 193 255 015 0.66
77 0.056 0.087 0.0163 0.37 058 0.67 105 0.67 0.64 154 1.65 2.04 015 0.74
78  0.058 0.090 0.0161 047 059 0.68 107 068 0.85 156 1.66 2.08 0.15 0.54
79 0.052 0.077 0.0150 0.64 062 0.85 133 085 1.15 154 1.85 222 0.15 042
80 0.059 0.096 0.0138 0.70 0.69 096 147 096 1.14 143 1.80 234 0.08 0.28
81 0.051 0.080 0.0144 0.66 062 089 136 0.89 1.06 130 1.66 208 008 0.26
82 0.054 0.087 0.0142 064 063 0.89 137 0.89 1.03 133 1.67 218 0.08 029
83 0.047 0.072 0.0140 076 0.62 098 150 098 124 129 178 2.19 0.03 023
84 0.042 0.063 0.0151 064 056 085 132 085 1.14 139 1.79 213 0.15 039
85 0.052 0.084 0.0131 0.87 068 111 169 1.11 143 142 201 258 0.09 023
86 0.049 0.077 0.0137 0.81 064 102 156 1.02 132 133 185 232 009 022
87 0.052 0.081 0.0148 0.70 0.62 085 132 0.85 127 1.53 181 225 0.15 034
88 0.052 0.077 0.0163 0.57 057 0.69 108 069 104 148 159 190 015 036
89 0.050 0.073 0.0150 0.74 061 087 133 0.87 120 129 160 187 008 0.17
90 0.039 0.052 0.0165 0.65 051 075 1.17 075 117 130 157 171 0.15 0238
91 0.042 0.059 0.0177 042 049 0.62 097 062 075 133 147 1.63 015 043
92 0.042 0.058 0.0168 049 052 070 1.10 0.70 0.87 136 1.60 175 0.15 0.46
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bt# up Ap fews Ukcs  Ukws  Uews  Uscwe  Wiewb  Usc  UWky  Wiew  Ocw  Zg Z0c
93 0.034 0.044 0.0192 038 042 054 084 054 069 1.16 1.29 136 0.15 042
94 0.032 0.043 0.0192 038 041 053 083 053 067 113 127 135 0.15 042
95 0.035 0.048 0.0189 041 043 054 084 054 075 1.16 1.27 140 0.15 0.38
96 0.030 0.040 0.0191 044 040 055 085 055 080 1.09 1.24 131 0.15 033
97 0.040 0.058 0.0167 0.53 050 068 1.06 068 095 129 151 175 0.15 037
98 0.039 0.057 0.0161 058 051 074 1.16 074 1.04 130 1.60 1.85 0.15 036
99 0.038 0.055 0.0151 071 054 087 133 087 1.14 1.12 156 179 0.08 0.19
100 0.037 0.051 0.0160 0.61 0.51 078 122 078 1.08 128 1.66 1.84 0.15 0.36
101 0.034 0.046 0.0162 061 048 078 121 078 108 123 1.63 177 0.15 035
102 0.031 0.041 0.0178 047 043 064 1.00 064 084 1.14 141 149 0.15 0.38
103 0.035 0.047 0.0178 047 045 062 098 062 0.84 120 141 153 0.15 0.38
104 0.031 0.041 0.0187 043 041 057 089 057 076 1.12 1.30 137 0.15 0.38
105 0.031 0.041 0.0171 0.56 045 070 1.10 070 099 1.16 150 1.58 0.15 0.33
106 0.036 0.051 0.0153 067 052 085 132 085 120 129 175 199 0.15 0.34
107 0.035 0.051 0.0158 0.63 050 0.79 123 079 1.12 124 164 188 0.15 034
108 0.035 0.049 0.0167 053 047 070 1.10 070 094 121 152 171 0.15 0.38
109 0.043 0.065 0.0154 0.56 054 078 122 078 1.00 137 1.69 205 0.15 044
110 0.041 0.062 0.0156 055 052 076 1.18 076 099 132 164 199 0.15 042
111 0.048 0.079 0.0157 046 054 0.69 1.07 069 083 139 1.57 208 0.15 052
112 0.042 0.065 0.0181 040 046 053 082 053 073 126 132 1.62 0.15 043
113 0.046 0.071 0.0169 045 0.51 062 09 062 082 135 146 182 0.15 045
114 0.036 0.051 0.0174 0.44 046 063 099 063 077 121 143 162 0.15 045
115 0.044 0.069 0.0177 0.29 048 055 08 055 051 130 139 172 0.15 071
116 0.048 0.076 0.0187 0.08 047 047 074 047 012 133 134 170 0.15 1.36
117 0.045 0.069 0.0190 0.14 045 047 074 047 023 130 131 1.61 0.15 1.07
118 0.044 0.067 0.0189 0.18 045 048 0.75 048 030 128 131 1.60 0.15 093
119 0.047 0.077 0.0180 0.17 047 050 077 050 028 131 133 176 0.15 1.05
120 0.048 0.083 0.0175 0.21 048 051 080 051 036 132 135 186 0.15 095
121  0.046 0.076 0.0176 0.30 048 053 0.82 053 053 131 136 180 0.15 0.68
122 0.047 0.079 0.0164 039 0.51 0.61 095 0.61 069 135 147 196 0.15 0.58
123 0.043 0.070 0.0163 0.41 050 064 1.00 064 073 130 148 193 0.15 0.54
124 0.042 0.067 0.0174 0.33 047 056 088 056 057 126 1.37 174 0.15 0.62
125 0.051 0.088 0.0161 0.36 053 062 097 062 0.64 141 1.51 207 0.15 0.68
126 0.055 0.097 0.0160 0.28 0.55 062 096 062 047 146 154 217 0.15 0.95
127 0.054 0.094 0.0165 022 0.53 058 090 058 037 144 149 207 0.15 1.07
128 0.043 0.066 0.0183 0.25 046 052 081 052 043 128 134 164 0.15 0.76
129 0.036 0.052 0.0190 030 042 051 079 051 053 1.17 126 145 0.15 0.56
130 0.045 0.071 0.0166 0.36 050 0.62 097 062 064 133 148 188 0.15 0.63
131 0.057 0.108 0.0148 038 0.58 070 1.09 070 067 149 164 247 0.15 0.78
132 0.052 0.099 0.0146 044 057 072 1.12 072 078 143 163 246 0.15 0.64
133 0.049 0.085 0.0158 037 053 064 101 064 064 138 1.52 212 0.15 0.69
134 0.054 0.101 0.0155 032 0.55 063 099 063 055 143 153 228 0.15 0.86
135 0.059 0.123 0.0147 031 0.57 064 100 064 054 147 156 258 0.15 097
136 0.048 0.084 0.0171 029 049 053 083 053 050 132 1.37 191 0.15 0.5
137 0.050 0.086 0.0173 0.23 050 053 083 053 040 136 139 191 0.15 092
138 0.052 0.089 0.0170 024 0.51 0.54 085 054 042 139 143 196 0.15 092
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bt# Ub Ap fows Ukcs  Usws  Uxcws  Uicwe  Ukcwb Wk Uty UWkew Sew ZQ Z0c
139 0.045 0.072 0.0180 0.23 047 052 0.81 052 039 130 136 1.72 0.15 0.85
140 0.053 0.092 0.0163 0.27 054 060 094 060 047 143 150 209 015 092
141 0.052 0.089 0.0170 0.23 0.51 055 0.85 055 040 140 143 197 0.15 097
142 0.051 0.085 0.0177 025 049 051 080 051 044 138 139 186 0.15 0.84
143 0.058 0.107 0.0160 0.29 0.55 058 091 058 051 147 151 224 0.15 0.90
144 0.055 0.105 0.0160 0.22 0.53 057 0.89 057 038 141 145 223 015 1.11
145 0.056 0.108 0.0165 0.23 052 052 0.82 052 041 142 142 218 0.15 1.01
146 0.058 0.111 0.0154 027 056 062 097 062 045 147 154 236 015 1.04
147 0.054 0.097 0.0162 024 053 058 090 058 040 141 147 213 0.15 1.03
148 0.054 0.102 0.0168 0.18 0.50 0.51 0.80 051 031 138 139 210 0.15 1.17
149 0.050 0.090 0.0176 0.11 048 048 0.76 048 0.17 134 134 192 0.15 140
150 0.049 0.082 0.0176 0.19 049 052 0.81 052 032 136 138 185 0.15 1.04
151 0.051 0.085 0.0157 040 055 068 1.06 068 0.70 143 159 213 0.15 0.66
152 0.057 0.101 0.0148 049 0.60 0.74 1.15 074 089 1.52 1.69 242 0.15 056
153 0.044 0.069 0.0155 056 054 075 1.17 075 1.00 137 1.65 2.04 0.15 042
154 0.044 0.067 0.0142 0.75 0.59 095 146 095 121 124 173 210 008 0.22
155 0.035 0.048 0.0150 0.76 0.53 093 142 093 123 1.12 166 1.81 0.08 0.18
156 0.053 0.082 0.0129 098 071 120 1.83 120 1.61 148 215 267 009 0.21
157 0.058 0.090 0.0135 0.80 0.71 108 1.64 1.08 1.31 149 199 247 009 027
158 0.068 0.098 0.0150 0.52 0.72 0.88 134 0.88 0.84 155 175 202 0.08 0.43
159 0.077 0.113 0.0144 0.55 078 094 144 094 0.89 1.69 1.88 223 0.08 047
160 0.098 0.151 0.0142 034 0.89 095 145 095 052 194 201 246 0.08 1.02
161 0.122 0.199 0.0134 021 1.02 1.04 159 1.04 031 223 225 293 009 1.80
162 0.182 0301 0.0119 021 141 142 269 192 035 366 367 485 0.19 3.56
163 0206 0344 00114 0.16 156 157 296 241 025 421 421 563 023 4.65
164 0.227 0405 0.0109 027 168 168 289 273 046 443 443 633 023 447
165 0254 0454 0.0105 0.35 1.86 188 279 325 0.60 443 446 637 0.17 391
166 0231 0412 0.0106 051 1.75 182 285 306 091 430 440 628 0.19 3.03
167 0.250 0.452 0.0103 0.56 1.87 195 2.80 339 096 432 442 641 0.15 2.84
168 0.233 0417 00104 064 179 190 283 324 1.14 424 439 627 017 245
169 0.207 0.386 0.0108 048 1.59 1.65 295 260 090 423 432 644 025 3.28
170 0.198 0.353 0.0110 056 1.54 1.61 298 248 1.08 423 432 6.17 027 281
171 0.194 0.341 0.0114 047 148 150 283 217 0.86 3.87 3.89 549 021 2.67
172 0.171 0.301 0.0117 054 135 139 262 1.74 098 337 342 482 0.17 1.85
173 0.180 0.318 0.0115 050 141 145 274 201 091 3.62 3.68 518 020 230
174 0.146 0.247 0.0122 045 120 127 194 127 071 2.60 2.68 3.63 009 1.38
175 0.151 0256 0.0122 040 123 129 198 129 0.63 2.67 274 371 0.10 1.60
176 0.161 0280 0.0121 0.19 127 128 196 128 029 275 277 385 0.09 263
177 0.172 0.291 0.0120 035 1.34 135 255 1.50 0.60 329 330 447 0.15 243
178 0.144 0244 0.0126 024 1.16 1.17 179 1.17 036 252 254 344 0.09 205
179 0.180 0.318 0.0115 040 141 147 277 206 071 3.65 3.71 524 020 281
180 0.136 0224 0.0123 0.53 1.17 128 196 128 0.86 252 266 351 0.09 1.09
181 0.157 0.277 0.0116 059 130 142 269 1.88 1.06 328 344 485 0.19 176
182 0.160 0.277 0.0118 046 130 137 259 1.66 081 321 330 459 0.17 2.03
183 0.176 0.332 0.0115 037 135 136 257 1.60 0.64 330 331 501 0.16 2.59
184 0.207 0.397 0.0109 042 1.54 155 292 232 0.78 4.03 405 621 022 327
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bt# Ub Ab fews Ukcg Urws U*cws  Uxcwe  U¥cwb e Uity U*cw 60W 70 Z0c
185 0.172 0311 0.0115 054 135 141 266 1.83 098 340 347 502 0.18 1.97
186 0209 0.401 0.0105 0.62 161 172 293 274 117 416 430 6.60 023 2.64
187 0.171 0305 0.0111 0.73 142 159 3.00 237 140 371 395 564 023 181
188 0.193 0.370 0.0106 0.66 153 1.67 298 259 128 4.04 424 650 025 243
189 0.166 0.300 0.0110 0.80 140 158 299 235 153 362 389 563 023 1.59
190 0.164 0.297 0.0112 0.75 137 153 289 220 143 351 374 542 021 1.57
191 0.149 0.286 0.0119 051 1.18 122 186 122 0.83 253 258 395 0.09 1.18
192 0.173 0.321 0.0115 0.53 134 136 258 161 096 328 331 493 0.16 1.84
193 0.148 0.288 0.0118 042 1.18 123 1.88 123 0.67 252 258 402 0.09 1.50
194 0.127 0.240 0.0122 045 107 116 177 116 073 228 238 3.60 0.09 1.18
195 0.155 0.296 0.0117 033 122 126 192 126 051 261 266 407 0.09 198
196 0.129 0245 0.0126 027 104 106 162 106 041 224 226 342 009 1.77
197 0.117 0.214 0.0129 049 097 101 155 101 0.80 209 214 3.14 0.09 0.82
198 0.128 0.239 0.0122 053 109 1.18 180 1.18 0.86 231 243 3.61 0.09 098
199 0.118 0.213 0.0123 0.60 1.04 1.18 1.81 1.18 098 221 239 347 0.09 0.78
200 0.124 0.225 0.0118 0.69 1.12 130 199 130 1.14 236 261 378 0.10 0.75
201 0.112 0.206 0.0123 0.57 1.01 116 177 1.16 092 213 232 341 009 0381
202 0.129 0.248 0.0117 060 1.12 126 192 126 099 236 254 390 009 091
203 0.111 0.203 0.0131 042 094 099 151 0.99 0.67 202 207 3.04 008 096
204 0.096 0.181 0.0134 041 084 089 136 0.89 0.66 179 185 2.80 0.08 0.79
205 0.104 0.193 0.0126 056 094 108 164 1.08 091 198 216 321 0.09 0.70
206 0.088 0.162 0.0132 049 083 096 147 096 079 175 192 282 0.08 0.66
207 0.084 0.148 0.0139 039 078 088 134 0.88 0.62 167 178 252 008 0.76
208 0.073 0.131 0.0149 0.32 067 072 113 072 056 176 1.82 259 0.15 1.07
209 0.083 0.165 0.0135 044 076 0.84 131 0.84 0.79 190 2.00 3.15 0.15 095
210 0.080 0.148 0.0122 0.83 085 1.17 179 1.17 137 176 219 327 0.09 035
211 0.067 0.114 0.0132 075 0.75 1.04 158 1.04 124 157 194 263 0.09 030
212 0.077 0.137 0.0125 079 083 1.13 173 1.13 129 172 213 3.04 009 036
213 0.067 0.115 0.0134 067 074 099 152 099 1.08 154 1.88 258 0.08 0.36
214 0.070 0.121 0.0134 0.64 0.75 098 149 098 104 156 187 259 008 0.39
215 0.064 0.109 0.0138 0.64 071 093 143 093 1.04 148 1.77 240 0.08 033
216 0.073 0.135 0.0149 036 0.67 071 111 071 064 175 179 263 0.15 094
217 0.071 0.122 0.0142 048 072 085 133 0.85 0.84 180 198 271 0.15 0.79
218 0.063 0.118 0.0138 0.53 067 085 132 0.85 094 164 189 281 0.15 0.65
219 0.062 0.112 0.0141 050 065 0.82 129 082 0.89 1.63 185 269 0.15 0.67
220 0.057 0.099 0.0151 042 060 072 113 072 075 153 169 235 015 0.69
221 0.060 0.112 0.0145 048 061 074 1.16 074 0386 156 171 255 015 0.61
222 0.055 0.100 0.0158 0.40 055 062 096 0.62 072 145 152 220 015 0.62
223 0.062 0.122 0.0135 0.62 066 0.86 131 0.86 1.00 137 162 252 008 030
224 0.063 0.117 0.0136 057 0.67 088 135 0.88 091 140 167 249 008 0.38
225 0.066 0.123 0.0141 046 067 080 126 0.80 0.81 1.67 185 275 0.15 0.77
226 0.063 0.118 0.0143 043 064 077 121 077 076 162 179 267 015 0.79
227 0.060 0.108 0.0155 0.32 058 0.65 101 0.65 056 1.53 1.60 232 0.15 090
228 0.060 0.105 0.0154 0.34 059 067 105 067 0.60 155 165 232 0.15 0.86
229 0.060 0.111 0.0147 039 060 071 112 071 068 154 168 251 015 0381
230 0.054 0.092 0.0149 047 059 075 1.17 075 0.83 150 170 234 0.15 0.61
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bt# Ub Ap fews U*cg Utws  Uxcws  U*cwe  U*cwb Uxc Wiy Urkcw 6CW Z() Z0c
231 0.056 0.103 0.0147 045 0.59 0.73 1.14 0.73 0.81 1.50 1.68 246 0.15 0.64
232 0.061 0.121 0.0137 050 0.64 0.80 125 0.80 090 1.58 1.80 2.84 0.15 0.65
233 0.055 0.099 0.0161 045 054 060 094 0.60 0.83 144 148 212 0.15 048
234 0.057 0.107 0.0142 057 061 078 121 0.78 1.03 153 173 258 0.15 047
235 0.060 0.115 0.0130 0.68 0.68 096 147 096 1.11 140 178 273 0.08 0.31
236 0.059 0.106 0.0136 066 0.67 091 138 091 1.08 138 1.69 242 0.08 028
237 0.057 0.101 0.0130 0.76 0.68 1.02 155 1.02 123 141 187 267 009 028
238 0.058 0.105 0.0140 054 0.64 083 130 0383 096 158 184 2.67 0.15 059
239 0.057 0.103 0.0142 0.54 062 0.80 125 0.80 097 154 178 2.58 0.15 0.55
240 0.062 0.120 0.0152 035 0.58 0.63 098 0.63 0.64 153 158 246 0.15 0.79
241 0.053 0.090 0.0145 055 0.61 0.82 128 0.82 098 1.52 180 244 0.15 054
242 0.058 0.112 0.0130 0.69 066 095 145 095 1.11 136 1.75 272 0.08 029
243 0.060 0.122 0.0125 0.72 069 099 152 099 1.17 140 182 297 0.08 0.30
244 0.060 0.121 0.0122 0.83 0.72 1.09 1.66 1.09 137 145 197 3.17 0.09 027
245 0.057 0.111 0.0119 094 0.72 1.18 1.81 1.18 1.54 146 212 331 009 024
246 0.058 0.119 0.0123 0.79 0.69 1.04 159 1.04 129 140 189 3.09 0.09 027
247 0.061 0.127 0.0131 068 0.65 085 133 085 125 1.55 181 3.04 015 038
248 0.059 0.116 0.0130 0.66 066 093 142 093 1.08 136 172 272 0.08 031
249 0.056 0.103 0.0133 0.69 066 095 145 095 1.11 135 175 257 0.08 029
250 0.055 0.100 0.0142 0.58 061 081 126 0381 1.05 152 178 257 015 048
251 0.063 0.130 0.0136 0.52 064 079 123 079 093 157 177 292 0.15 0.61
252 0.060 0.118 0.0143 0.41 061 073 1.14 073 072 153 1.68 266 0.15 078
253 0.057 0.110 0.0143 045 060 075 117 075 080 151 1.70 261 0.15 0.68
254 0.057 0.105 0.0167 0.19 052 053 083 053 031 145 145 213 015 1.21
255 0.059 0.128 0.0152 0.17 054 056 088 056 027 142 145 251 015 148
256  0.058 0.119 0.0155 021 054 057 088 0.57 035 142 146 241 015 1.24
257 0.065 0.147 0.0133 045 0.64 078 121 0.78 0.81 1.58 175 3.15 0.15 0.78
258 0.057 0.120 0.0129 0.63 0.64 090 137 090 1.02 130 1.65 278 0.08 0.32
259 0.056 0.120 0.0126 0.72 065 094 143 094 1.17 131 170 291 0.08 025
260 0.056 0.110 0.0124 0.82 0.69 1.07 1.63 107 134 140 193 3.01 0.09 0.26
261 0.063 0.142 0.0113 093 075 120 183 120 153 151 215 386 0.09 027
262 0.055 0.105 00122 091 070 1.14 174 1.14 149 142 204 3.14 0.09 024
263 0.063 0.138 0.0116 086 073 1.13 1.73 1.13 142 148 2.04 361 0.09 028
264 0.063 0.142 0.0117 090 0.73 1.09 167 109 148 145 195 351 0.09 022
265 0.061 0.125 0.0137 056 063 079 123 079 1.02 155 1.75 285 0.15 052
266 0.061 0.119 0.0124 081 072 1.08 165 108 133 147 197 3.06 0.09 023
267 0.058 0.116 0.0128 0.69 066 095 146 095 1.11 135 175 281 0.08 030
268 0.066 0.118 0.0127 0.79 076 1.09 1.67 1.09 130 157 202 289 0.09 0.3l
269 0.072 0.129 0.0131 0.70 076 1.00 1.53 1.00 1.15 1.58 189 275 0.09 0.33
270 0.077 0.140 0.0129 0.76 0.80 1.03 1.57 1.03 125 166 196 283 0.09 031
271 0.082 0.146 0.0141 059 0.76 0.83 130 0.83 1.09 191 199 284 0.15 057
272 0.085 0.155 0.0132 0.62 0.82 097 148 097 1.02 1.73 191 277 0.08 043
273 0.096 0.171 0.0124 073 093 116 1.77 1.16 120 196 225 322 0.09 043
274 0.077 0.131 0.0139 050 076 091 139 091 0.80 1.63 180 244 0.08 0.55
275 0.079 0.136 0.0130 0.69 0.82 1.06 162 1.06 1.12 1.73 2.04 280 0.09 042
276 0.073 0.125 0.0138 0.58 074 091 139 091 095 156 1.77 243 0.08 0.40
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bti# Ub Abp fows Wicg U*xws U*cws  U#cwe  U¥cwb Ukc Uty U*cw 8CW Z0 Z(c
277 0.069 0.116 0.0145 056 070 0.82 128 0.82 1.01 177 191 256 0.15 0.57
278 0.067 0.114 0.0155 038 0.63 069 1.07 0.69 0.68 1.67 173 237 0.15 0.0
279 0.069 0.122 0.0144 041 068 079 123 079 072 172 186 265 0.15 087
280 0.061 0.110 0.0154 029 059 0.66 1.03 0.66 0.50 1.55 1.63 236 0.15 1.01
281 0.058 0.099 0.0168 023 055 057 089 057 039 1.51 153 208 0.15 1.06
282 0.061 0.107 0.0153 035 061 0.69 1.08 0.69 0.62 158 168 236 0.15 0385
283 0.052 0.089 0.0153 042 057 070 1.10 070 074 145 163 224 0.15 0.66
284 0.058 0.107 0.0134 0.63 065 091 138 091 1.01 135 1.69 252 0.08 032
285 0.060 0.103 0.0138 0.62 0.67 090 137 090 1.01 139 1.69 235 008 032
286 0.059 0.100 0.0133 0.78 0.70 1.03 1.57 1.03 127 146 190 257 009 027
287 0.055 0.094 0.0132 081 0.68 105 160 1.05 132 141 191 258 009 024
288 0.058 0.100 0.0145 0.63 0.62 0.80 124 080 1.16 156 175 244 0.15 039
289 0.063 0.117 0.0135 066 0.69 090 1.37 090 1.07 142 1.70 249 0.08 029
290 0.057 0.099 0.0128 0.85 071 1.09 167 1.09 139 145 199 277 0.09 025
291 0.054 0.093 0.0130 081 0.67 1.05 160 1.05 132 139 191 265 0.09 025
292 0.050 0.088 0.0128 0.88 0.67 1.11 1.69 1.11 145 137 199 277 0.09 023
293 0.058 0.103 0.0126 0.89 071 1.10 1.69 1.10 146 146 200 2.85 0.09 022
294 0.050 0.083 0.0136 0.76 0.64 0.99 151 099 124 133 1.80 238 0.08 024
295 0.051 0.086 0.0142 0.64 060 0.85 133 085 1.15 148 1.83 247 0.15 042
296 0.060 0.123 0.0130 0.60 0.65 0.88 1.34 0.88 096 133 1.64 271 0.08 034
297 0.047 0.076 0.0153 050 055 074 116 074 089 140 166 216 0.15 0.1
298 0.049 0.077 0.0156 047 056 072 1.13 072 083 143 165 210 0.15 0.55
299 0.049 0.079 0.0147 058 0.59 0.82 129 0.82 1.03 147 179 231 015 048
300 0.042 0.062 0.0155 058 054 079 124 079 1.03 137 171 2.03 0.15 042
301 0.036 0.049 0.0158 0.64 051 081 127 081 1.14 128 170 187 0.15 0.34
302 0.043 0.062 0.0151 066 056 085 133 085 1.19 140 180 2.11 0.15 0.37
303 0.038 0.053 0.0170 0.52 049 0.67 1.05 067 094 126 149 168 0.15 0.37
304 0.050 0.082 0.0155 045 056 071 112 071 081 1.44 1.64 214 0.15 0.8
305 0.045 0.067 0.0178 031 050 058 090 058 053 136 145 1.70 0.15 0.69
306 0.044 0.064 0.0194 021 046 048 075 048 036 131 133 1.54 0.15 082
307 0.053 0.080 0.0153 0.53 061 080 124 080 094 154 1.79 217 0.15 0.54
308 0.068 0.115 0.0130 0.79 0.77 1.09 166 1.09 129 160 203 275 0.09 031
309 0.085 0.144 0.0122 092 092 128 196 128 153 192 242 328 0.09 035
310 0.081 0.136 0.0118 1.11 095 143 230 183 1.87 199 269 359 0.11 031
311 0.107 0202 0.0111 1.05 1.09 149 239 202 1.82 234 292 441 0.12 046
312 0.122 0227 0.0115 091 1.13 139 263 171 1.69 272 3.09 460 0.17 076
313 0.170 0.341 0.0111 085 134 142 269 188 1.62 333 342 549 0.18 1.11
314 0.180 0.355 0.0112 059 137 140 265 181 1.09 341 344 544 0.18 1.84
315 0.203 0.434 0.0101 088 159 175 296 279 171 398 422 721 022 177
316 0.162 0.311 0.0105 1.01 142 171 3.02 264 200 3.66 4.11 630 025 1.30
317 0.161 0.319 0.0105 092 140 1.67 3.04 255 183 3.66 4.09 646 026 1.53
318 0.141 0.283 0.0106 1.00 129 163 3.09 241 195 327 381 6.11 023 115
319 0.134 0265 0.0111 082 120 144 273 191 153 294 330 521 0.19 111
320 0.148 0.288 0.0112 074 125 142 268 184 1.38 3.07 3.31 515 0.18 1.28
321 0.132 0249 0.0120 0.67 1.11 121 185 121 1.I11 236 248 375 0.09 071
322 0.124 0249 0.0124 052 1.01 103 158 1.03 086 2.14 217 348 0.09 0.80
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bt# ub Ap fews Uscs  U*ws  U¥cws  Uxcwe  U*cwb Uxc Uty W¥ew Sew ZQ ZQc
323 0.110 0.202 0.0129 049 095 1.02 156 1.02 0.79 203 211 3.10 0.09 0.0
324 0.119 0226 0.0124 049 1.02 1.11 169 1.11 079 217 227 344 0.09 096
325 0.105 0.188 0.0134 031 090 094 143 094 047 194 199 284 008 122
326 0.096 0.176 0.0137 024 083 086 132 0.86 036 1.79 1.82 268 0.08 1.33
327 0.120 0227 0.0129 0.19 098 0.99 152 099 028 211 212 321 0.08 197
328 0.101 0.191 0.0132 034 0.87 093 142 093 052 1.87 193 291 008 1.10
329 0.085 0.159 0.0140 028 0.76 081 126 081 047 194 200 298 0.15 148
330 0.077 0.138 0.0150 024 0.69 071 111 071 041 182 184 263 015 1.39
331 0.069 0.120 00150 043 0.66 073 1.14 073 0.78 171 179 249 0.15 074
332 0.068 0.121 0.0138 0.58 0.70 0.87 134 0.87 095 147 169 241 008 0.36
333 0.068 0.119 0.0138 0.60 0.72 091 139 091 097 151 175 244 008 0.38
334  0.073 0.134 0.0120 0.93 084 125 191 125 155 1.73 230 339 009 031
335 0.069 0.126 0.0125 0.82 079 1.14 173 114 134 1.63 211 3.05 009 032
336 0.068 0.126 0.0120 0.92 080 121 1.85 121 151 1.63 222 331 009 029
337 0.078 0.148 0.0126 0.70 0.81 105 160 105 1.15 1.67 200 3.02 009 0.39
338 0.064 0.113 00146 048 0.65 077 121 077 0.87 165 1.80 254 0.15 0.65
339 0.064 0.121 0.0136 0.71 067 086 131 086 1.16 139 160 241 008 020
340 0.063 0.111 0.0125 1.00 076 1.16 177 116 165 156 208 293 009 0.19
341 0.055 0.109 0.0116 1.11 073 127 194 127 183 147 224 353 009 O0.18
342 0.054 0.094 00122 1.03 072 124 189 124 170 148 221 3.07 009 021
343 0.062 0.117 0.0126 078 072 106 162 1.06 127 148 195 294 009 0.30
344 0.060 0.116 0.0127 0.85 070 1.01 155 101 140 142 1.83 280 009 0.19
345 0.063 0.118 0.0137 0.65 066 085 133 085 1.19 1.62 185 280 0.15 043
346 0.054 0.102 0.0133 0.71 0.64 092 140 092 1.15 130 1.68 253 0.08 024
347 0.063 0.122 0.0129 0.70 0.69 096 146 096 1.14 143 1.77 276 0.08 0.29
348 0.058 0.109 0.0137 059 064 0.86 131 0.86 095 133 1.61 240 0.08 0.32
349 0.057 0.107 0.0141 050 0.61 079 123 079 090 1.52 1.76 266 0.15 0.61
350 0.053 0.094 0.0152 040 0.56 0.69 1.08 0.69 071 144 1.61 230 0.15 0.69
351 0.058 0.110 0.0143 044 060 0.74 1.16 074 077 151 170 2.60 0.15 0.71
352 0.059 0.121 0.0141 042 060 0.73 1.15 073 075 151 1.68 274 015 0.75
353 0.051 0.089 0.0160 032 053 061 096 0.61 055 139 149 210 015 0.80
354 0.045 0.082 0.0173 0.19 045 049 077 049 033 124 128 1.87 0.15 098
355 0.053 0.102 0.0153 034 054 0.63 098 0.63 059 140 151 232 015 0.80
356 0.057 0.111 00146 046 059 070 1.10 070 0.84 148 1.63 253 015 0.59
357 0.051 0.096 0.0146 060 0.57 073 1.14 073 1.09 141 1.60 238 0.15 0.36
358 0.056 0.109 0.0139 065 0.61 080 1.24 0.80 1.19 149 171 266 0.15 0.36
359 0.055 0.106 0.0142 0.60 0.60 076 1.18 0.76 1.10 147 166 255 0.15 0.39
360 0.059 0.117 0.0129 0.76 0.66 093 141 093 123 134 168 270 008 0.21
361 0.059 0.118 0.0124 0.82 0.69 1.04 159 104 133 141 189 3.03 0.09 025
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bt# Mp M Qb Qs Qb-dir
1 09 7.9 0.000075 0.000000 236
2 09 7.9 0.000081 0.000000 246
3 0.8 7.6 0.000049 0.000000 262
4 1.4 12.2 0.000000 0.000000 0
5 0.8 7.6 0.000044 0.000000 343
6 0.9 8.1 0.000140 0.000000 8
7 0.7 5.8 0.000242 0.000000 32
8 09 82 0.000128 0.000000 48
9 09 7.7 0.000063 0.000000 68
10 0.8 7.4 0.000034 0.000000 87
11 0.9 7.7 0.000056 0.000000 102
12 1.4 12.2 0.000000 0.000000 0
13 0.8 7.4 0.000027 0.000000 157
14 1.4 12.2 0.000000 0.000000 0
15 1.4 12.2 0.000000 0.000000 0
16 1.4 122 0.000000 0.000000 0
17 1.4 122 0.000000 0.000000 0
18 1.4 12.2 0.000000 0.000000 0
19 1.4 122 0.000000 0.000000 0
20 1.4 12.2 0.000000 0.000000 0
21 0.8 7.1 0.000010 0.000000 230
22 0.8 7.6 0.000052 0.000000 225
23 0.9 8.1 0.000102 0.000000 225
24 0.9 8.3 0.000139 0.000000 236
25 0.8 6.8 0.000282 0.000000 247
26 0.9 82 0.000132 0.000000 252
27 0.8 7.3 0.000024 0.000000 258
28 1.4 12.2 0.000000 0.000000 0
29 0.8 7.6 0.000051 0.000000 345
30 0.7 5.9 0.000276 0.000000 6
31 1.0 8.2 0.000619 0.009209 24
32 1.0 8.5 0.000544 0.009570 32
33 1.0 8.6 0.000430 0.008688 48
34 1.6 122 0.000473 0.021604 55
35 1.4 122 0.000403 0.012500 66
36 1.8 12,2 0.000309 0.024404 80
37 1.3 85 0.000279 0.000000 119
38 1.5 9.8 0.000299 0.011763 156
39 1.3 85 0.000194 0.000000 183
40 1.5 12.2 0.000174 0.004475 196
41 1.7 12.2 0.000046 0.001458 197
42 1.6 12.2 0.000016 0.000672 105
43 1.4 122 0.000018 0.000336 66
44 1.4 9.5 0.000035 0.000728 191
45 1.5 122 0.000046 0.001151 202
46 1.7 122 0.000119 0.004254 212
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bt# Np }\fp Qv Qs Qb-dir

47 1.5 99 0.000280 0.005172 219
48 1.3 87 0.000249 0.000000 226
49 1.7 122 0.000164 0.004620 228
50 1.8 12.2 0.000107 0.004664 240
51 1.4 95 0.000210 0.006122 252
52 1.3 87 0.000087 0.000000 281
53 0.8 7.5 0.000009 0.000000 295
54 09 8.1 0.000043 0.000000 338
55 09 7.8 0.000035 0.000000 10
56 09 84 0.000079 0.000000 19
57 09 7.7 0.000044 0.000000 38
58 09 8.1 0.000056 0.000000 50
59 0.9 80 0.000064 0.000000 61
60 0.8 7.3 0.000022 0.000000 72
61 0.8 7.0 0.000000 0.000000 O
62 09 7.8 0.000057 0.000000 190
63 09 8.0 0.000078 0.000000 186
64 0.9 84 0.000114 0.000000 198
65 09 8.2 0.000079 0.000000 208
66 09 82 0.000088 0.000000 217
67 0.8 7.5 0.000030 0.000000 232
68 0.8 7.3 0.000020 0.000000 231
69 0.8 7.2 0.000017 0.000000 236
70 0.8 7.1 0.000007 0.000000 230
71 0.8 7.6 0.000048 0.000000 223
72 0.8 7.3 0.000022 0.000000 221
73 0.8 7.4 0.000034 0.000000 219
74 0.8 7.3 0.000022 0.000000 229
75 0.8 7.2 0.000019 0.000000 237
76 1.4 12.2 0.000000 0.000000 O
77 14 122 0.000000 0.000000 0O
78 1.4 12.2 0.000000 0.000000 O
79 14 12.2 0.000000 0.000000 O
80 0.8 7.3 0.000026 0.000000 15
g1 0.8 7.1 0.000010 0.000000 29
82 0.8 7.1 0.000011 0.000000 33
83 08 7.4 0.000033 0.000000 37
8 14 122 0.000000 0.000000 O
85 09 7.8 0.000065 0.000000 71
86 0.8 7.5 0.000043 0.000000 79
87 1.4 122 0.000000 0.000000 O
88 1.4 12.2 0.000000 0.000000
89 0.8 7.0 0.000000 0.000000
90 1.4 12.2 0.000000 0.000000
91 1.4 12.2 0.000000 0.000000
92 1.4 122 0.000000 0.000000

OO O OO
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bt# NMp  Ap Qb Qs Qb-dir
93 14 12.2 0.000000 0.000000 0
94 1.4 12.2 0.000000 0.000000 0
95 14 12.2 0.000000 0.000000 0
96 1.4 12.2 0.000000 0.000000 0
97 1.4 12.2 0.000000 0.000000 0
98 14 12.2 0.000000 0.000000 0
99 0.8 7.0 0.000000 0.000000 0
100 1.4 12.2 0.000000 0.000000 0
101 1.4 122 0.000000 0.000000 0
102 1.4 122 0.000000 0.000000 0
103 1.4 12.2 0.000000 0.000000 0
104 14 122 0.000000 0.000000 0
105 1.4 12.2 0.000000 0.000000 0
106 14 122 0.000000 0.000000 0
107 1.4 12.2 0.000000 0.000000 0
108 1.4 12.2 0.000000 0.000000 0
109 14 122 0.000000 0.000000 0
110 14 12.2 0.000000 0.000000 0
111 1.4 122 0.000000 0.000000 0
112 1.4 122 0.000000 0.000000 0
113 1.4 122 0.000000 0.000000 0
114 1.4 12.2 0.000000 0.000000 0
115 1.4 122 0.000000 0.000000 0
116 1.4 12.2 0.000000 0.000000 0
117 1.4 122 0.000000 0.000000 0
118 1.4 12.2 0.000000 0.000000 0
119 1.4 122 0.000000 0.000000 0
120 14 12.2 0.000000 0.000000 0
121 1.4 122 0.000000 0.000000 0
122 14 12.2 0.000000 0.000000 0
123 1.4 122 0.000000 0.000000 0
124 1.4 122 0.000000 0.000000 0
125 14 12.2 0.000000 0.000000 0
126 1.4 122 0.000000 0.000000 0
127 14 12.2 0.000000 0.000000 0
128 1.4 12.2 0.000000 0.000000 0
129 14 122 0.000000 0.000000 0
130 1.4 12.2 0.000000 0.000000 0
131 1.4 122 0.000000 0.000000 0
132 14 12.2 0.000000 0.000000 0
133 1.4 12.2 0.000000 0.000000 0
134 14 12.2 0.000000 0.000000 0
135 1.4 122 0.000000 0.000000 0
136 1.4 12.2 0.000000 0.000000 0
137 14 12.2 0.000000 0.000000 0
138 14 122 0.000000 0.000000 0
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bt M A Qb Qs Qu-dir
139 1.4 122 0.000000 0.000000 0
140 14 12.2 0.000000 0.000000 0
141 1.4 122 0.000000 0.000000 0
142 14 122 0.000000 0.000000 0
143 14 12.2 0.000000 0.000000 0
144 1.4 12.2 0.000000 0.000000 0
145 1.4 122 0.000000 0.000000 0
146 1.4 12.2 0.000000 0.000000 0
147 1.4 12.2 0.000000 0.000000 0
148 1.4 122 0.000000 0.000000 0
149 14 122 0.000000 0.000000 0
150 1.4 12.2 0.000000 0.000000 0
151 1.4 12.2 0.000000 0.000000 0
152 1.4 12.2 0.000000 0.000000 0
153 14 122 0.000000 0.000000 0
154 0.8 7.3 0.000027 0.000000 341
155 0.8 7.2 0.000024 0.000000 357
156 0.9 8.0 0.000102 0.000000 8
157 0.8 7.7 0.000052 0.000000 12
158 0.8 7.1 0.000004 0.000000 41
159 0.8 7.3 0.000018 0.000000 58
160 0.8 7.3 0.000017 0.000000 57
161 0.8 7.6 0.000007 0.000000 26
162 1.3 8.5 0.000024 0.000000 337
163 1.5 10.0 0.000022 0.000289 208
164 1.6 12.2 0.000019 0.000754 313
165 1.3 12.2 0.000043 0.000665 337
166 14 122 0.000128 0.001952 350
167 1.2 122 0.000152 0.001510 3
168 1.3 12.2 0.000192 0.002508 2
169 1.7 122 0.000118 0.003417 16
170 1.8 122 0.000128 0.006251 23
171 14 9.3 0.000094 0.004369 67
172 12 7.9 0.000108 0.000000 71
173 1.3 8.8 0.000118 0.005670 145
174 09 83 0.000034 0.000000 163
175 09 83 0.000032 0.000000 174
176 09 83 0.000008 0.000000 200
177 1.1 7.2  0.000039 0.000000 253
178 09 8.0 0.000008 0.000000 346
179 1.3 89 0.000122 0.003004 360
180 09 8.3 0.000053 0.000000 8
181 1.3 8.4 0.000211 0.000000 10
182 1.2 7.7 0.000127 0.000000 30
183 1.1 7.5 0.000046 0.000000 71
184 1.5 9.7 0.000081 0.003146 123
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185 1.2 82 0.000123 0.000000 160
186 1.6 122 0.000169 0.004892 186
187 1.5 9.9 0.000423 0.008972 203
188 1.7 12.2 0.000210 0.007165 206
189 1.5 0.8 0.000451 0.010962 233
190 1.4 9.4 0.000350 0.010586 243
191 09 8.1 0.000026 0.000000 278
192 1.1 7.5 0.000093 0.000000 318
193 09 8.2 0.000025 0.000000 355
194 09 7.9 0.000033 0.000000 16
195 09 8.2 0.000020 0.000000 37
196 0.8 7.6 0.000006 0.000000 75
197 0.8 7.5 0.000014 0.000000 171
198 0.9 8.0 0.000036 0.000000 186
199 0.9 8.0 0.000051 0.000000 196
200 0.9 84 0.000084 0.000000 206
201 0.9 7.9 0.000053 0.000000 225
202 09 8.2 0.000061 0.000000 232
203 0.8 7.4 0.000014 0.000000 236
204 0.8 7.1 0.000008 0.000000 20
205 0.8 7.7 0.000038 0.000000 17
206 0.8 7.3 0.000021 0.000000 19
207 0.8 7.1 0.000002 0.000000 44
208 1.4 12.2 0.000000 0.000000 0
200 1.4 12.2 0.000000 0.000000 0
210 09 8.0 0.000070 0.000000 181
211 0.8 7.6 0.000040 0.000000 202
212 09 7.8 0.000060 0.000000 212
213 0.8 7.4 0.000030 0.000000 231
214 0.8 7.4 0.000026 0.000000 233
215 0.8 7.2 0.000019 0.000000 239
216 1.4 12.2 0.000000 0.000000 0
217 14 12.2 0.000000 0.000000 0
218 1.4 12.2 0.000000 0.000000 0
219 1.4 12.2 0.000000 0.000000 0
220 1.4 122 0.000000 0.000000 0
221 14 12.2 0.000000 0.000000 0
222 1.4 12.2 0.000000 0.000000 0
223 0.8 7.0 0.000000 0.000000 0
224 0.8 7.1 0.000005 0.000000 171
225 14 12.2 0.000000 0.000000 0
226 14 12.2 0.000000 0.000000 0
227 14 12.2 0.000000 0.000000 0
228 1.4 12.2 0.000000 0.000000 0
229 14 12.2 0.000000 0.000000 0
230 1.4 12.2 0.000000 0.000000 0
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bt# Np }\fp Qb Qs Qb-dir
231 1.4 122 0.000000 0.000000 O
232 1.4 12.2 0.000000 0.000000 O
233 1.4 12.2 0.000000 0.000000 O
234 1.4 12.2 0.000000 0.000000 O
235 0.8 7.3 0.000025 0.000000 175
236 0.8 7.2 0.000013 0.000000 207
237 0.8 7.5 0.000038 0.000000 210
238 1.4 12.2 0.000000 0.000000 O
239 14 12.2 0.000000 0.000000 O
240 1.4 122 0.000000 0.000000 O
241 14 12.2 0.000000 0.000000 O
242 0.8 7.3 0.000023 0.000000 3
243 0.8 7.4 0.000032 0.000000 41
244 0.9 7.7 0.000057 0.000000 51
245 0.9 8.0 0.000089 0.000000 71
246 0.8 7.6 0.000045 0.000000 &4
247 1.4 122 0.000000 0.0000006 0
248 0.8 7.2 0.000019 0.000000 152
249 0.8 7.3 0.000023 0.000000 166
250 14 122 0.000000 0.000000 O
251 14 12.2 0.000000 0.000000 0
252 14 12.2 0.000000 0.000000 0
253 1.4 122 0.000000 0.000000 0
254 14 12.2 0.000000 0.000000 0
255 1.4 122 0.000000 0.000000 0O
256 14 12.2 0.000000 0.000000 0
257 14 12.2 0.0006000 0.000000 O
258 0.8 7.1 0.000012 0.000000 175
259 0.8 7.2 0.000022 0.000000 204
260 0.8 7.7 0.000052 0.000000 202
261 0.9 8.0 0.000090 0.000000 233
262 0.9 7.9 0.000076 0.000000 240
263 0.9 7.8 0.000068 0.000000 250
264 0.9 7.7 0.000067 0.000000 257
265 14 12.2 0.000000 0.000000 0
266 0.8 7.7 0.000053 0.000000 344
267 0.8 7.3 0.000024 0.000000 8
268 0.9 7.7 0.000053 0.000000 27
269 0.8 7.4 0.000032 0.000000 36
270 0.8 7.5 0.000038 0.000000 55
271 1.4 122 0.000000 0.000000 0
272 0.8 7.4 0.000023 0.000000 174
273 09 7.9 0.000059 0.000000 183
274 0.8 7.2 0.000012 0.000000 194
275 0.8 7.6 0.000041 0.000000 196
276 0.8 7.2 0.000012 0.000000 221
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bt#  Mp  Ap Qb Qs Qb-dir
277 1.4 12.2 0.000000 0.000000 0
278 1.4 12.2 0.000000 0.000000 0
279 1.4 122 0.000000 0.000000 0
280 1.4 12.2 0.000000 0.000000 0
281 1.4 12.2 0.000000 0.000000 0
282 1.4 12.2 0.000000 0.000000 0
283 1.4 12.2 0.000000 0.000000 0
284 0.8 7.2 0.000013 0.000000 182
285 0.8 7.1 0.000011 0.000000 198
286 0.8 7.5 0.000041 0.000000 233
287 0.8 7.6 0.000047 0.000000 245
288 1.4 12.2 0.000000 0.000000 0
280 0.8 7.1 0.000012 0.000000 336
290 09 7.7 0.000059 0.000000 346
291 0.8 7.6 0.000048 0.000000 358
292 09 7.8 0.000067 0.000000 21
293 09 7.8 0.000067 0.000000 19
204 0.8 7.4 0.000034 0.000000 68
295 1.4 12.2 0.000000 0.000000 0
296 0.8 7.1 0.000004 0.000000 80
297 1.4 122 0.000000 0.000000 0
298 1.4 122 0.000000 0.000000 0
2090 1.4 12.2 0.000000 0.000000 0
300 1.4 12.2 0.000000 0.000000 0
301 1.4 12.2 0.000000 0.000000 0
302 1.4 122 0.000000 0.000000 0
303 1.4 12.2 0.000000 0.000000 0
304 1.4 12.2 0.000000 0.000000 0
305 1.4 122 0.000000 0.000000 0
306 1.4 12.2 0.000000 0.000000 0
307 14 12.2 0.000000 0.000000 0
308 0.9 7.7 0.000052 0.000000 204
309 0.9 83 0.000107 0.000000 217
310 0.8 7.0 0.000247 0.000000 233
311 09 7.6 0.000251 0.006011 241
312 1.2 7.8 0.000338 0.000000 252
313 1.3 8.4 0.000282 0.000000 282
314 1.2 81 0.000122 0.000000 316
315 1.6 12.2 0.000259 0.010627 359
316 1.7 12.2 0.000364 0.017168 19
317 1.7 12.2 0.000345 0.015738 20
318 1.5 10.0 0.000706 0.016670 35
319 1.3 8.5 0.000354 0.000000 53
320 1.2 82 0.000265 0.000000 65
321 0.9 8.1 0.000046 0.000000 85
322 0.8 7.5 0.000016 0.000000 136
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bt# Np }\'p Qb Qs Qb-dir
323 0.8 7.5 0.000020 0.000000 189
324 09 7.8 0.000029 0.000000 195
325 0.8 7.2 0.000015 0.000000 215
326 0.8 7.0 0.000000 0.000000 0
327 0.8 7.4 0.000004 0.000000 17
328 0.8 7.2 0.000014 0.000000 27
329 14 122 0.000000 0.000000 0
330 14 12.2 0.000000 0.000000 0
331 14 122 0.000000 0.000000 0
332 0.8 7.0 0.000000 0.000000 0
333 0.8 7.2 0.000013 0.000000 216
334 09 82 0.000102 0.000000 216
335 09 7.9 0.000063 0.000000 229
336 09 8.1 0.000091 0.000000 238
337 0.8 7.6 0.000040 0.000000 243
338 1.4 12.2 0.000000 0.000000 0
339 0.8 7.0 0.000000 0.000000 O
340 09 7.9 0.000125 0.000000 338
341 09 83 0.000179 0.000000 6
342 09 8.2 0.000128 0.000000 30
343 0.8 7.6 0.000047 0.000000 54
344 0.8 7.5 0.000046 0.000000 103
345 1.4 122 0.000000 0.000000 O
346 0.8 7.2 0.000017 0.000000 206
347 0.8 7.3 0.000025 0.000000 204
348 0.8 7.0 0.000000 0.000000 0
349 1.4 122 0.000000 0.000000 O
350 14 12.2 0.000000 0.000000 O
351 1.4 122 0.000000 0.000000 O
352 1.4 122 0.000000 0.000000 O
353 1.4 122 0.000000 0.000000 0
354 1.4 12.2 0.000000 0.000000 0
355 1.4 122 0.000000 0.000000 O
356 1.4 12.2 0.000000 0.000000 0
357 1.4 12.2 0.000000 0.000000 0
358 1.4 12.2 0.000000 0.000000 0
359 14 122 0.000000 0.000000 0
360 0.8 7.2 0.000021 0.000000 221
361 0.8 7.6 0.000047 0.000000 223



