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1.1 ntroduction

In the coastal region the interaction of wave flow and tidal currents with the cohesionless sea
bottom generates a variety of bed forms characterized by length scales falling in a wide range. Sand
waves have wavelengths of the order of hundreds of metres and heights of the order of few metres
and their crests are often almost orthogonal to the direction of the tidal current.

The present report describes the validation of a numerical model developed at DIAM (University of
Genova) for the prediction of sand wave patterns. The code that is used is
Sandwave3D_variable_viscosity which is only able to predict the growth and prevalent wavelength
of sandwaves, not sand banks.

Six very different field sites where sandwave like bed forms appear are considered for comparison
with the model predictions. For each of the six field sites a number of data sets is available due to
local variations of the variables within the field site. Each data set includes the description of the
tidal currents, local depth and characteristics of the bed sediment. The field sites and their data sets
are described in chapter 2.

The data sets of the six different field sites are used as input for the numerical model. The output of
the numerical model is compared to the observed wavelength of the bed forms on site. Chapter 3
describes the comparison.

The numerical model is also subjected to a tendency analysis: what are the tendencies observed in
the output of the model after variation of the input variables? Subsequently, these tendencies are
compared with tendencies in the field. E.g.: how does the water depth influence the wave length of
the bedforms? Is this tendency predicted by the model also observed in the field data sets? Chapter
4 shows the results of the tendency analysis.

The entire report focuses on the simulation and validation of the bed form wave lengths. The

growth rate data is also available from all simulations that have been carried out, but are not
discussed in this report.
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2.Description of field sites and data sets

Six field sites were considered :

1. Bisanseto strait, Japan
Snamprogetti sites, the Netherlands
Calais-Dover Channel, France
Belgian Continental Shelf, Belgium
Sand Hills, United Kingdom
Golden Gate, California

ok WD

Data was mainly extracted from available literature.

1. Bisanseto strait, Japan

In the Bisan Strait, which is the east inlet of Japan's Sefo Inland Sea, sand waves appear in the
vicinity of the sandbank Inosakino Tsugai between the islands Hon, Ushi and Yo (34°22'N
133°47'E). Since these “active” sandwaves appear in an important navigation channel, the zone has
been monitored intensively in the past (Ozasa 1974, Katoh et al. 1998).

Ozasa (1974) describes tidal current measurements on the site at 39 spots, carried out by means of a
propeller type measurement device at 50 cm from the bottom. The bottom velocities are measured
for approximately 1 hour, either during ebb flow at spring tide or either flood flow at neap tide.
They range from 30 to 80 cm/s. The velocities at 50 cm from the bottom are consequently
extrapolated to depth averaged velocities and used as input for the model, assuming they are close
to the amplitude of the M2 tidal velocity component. Bottom soundings have been carried out at the
same 39 spots to determine the water depth and sea bed patterns. Water depths at the considered
area range from 21 to 40 m, while wave lengths of the bed forms are comprised between 13 and
108m. These are very short wave lengths and possibly not sand waves according the strict
definition. Therefore, for the validation of the model, only the spots where relatively long wave
lengths occur are discussed in this report.

Summary of input data:

Flle name q)O h* [m] dJ‘ [mm] uU* [Cm/S] ecc [-] ZO* [Cm/S] 7\'mean obs [m]
Bisan_II-1 34°22' 21 0,75 44,49 - - 108
Bisan_lII-2 34°22' 22 0,75 65,1 - - 71
Bisan_II-17 34°22' 35,7 1 44,89 - - 83

The tidal current velocities are the main source of uncertainty in the Bisanseto data set, firstly since
it is far from sure that they coincide with the M2 velocity amplitude, secondly because no
information is given on steady currents, and thirdly since the measurements vary considerably from
spot to spot within an area of a few km?.

Jan Cherlet 4 13-07-06



Comparison of numerical sand wave model with field data - Full description of simulations

2. Snanprogetti site, the Netherl ands

Snamprogetti S.p.a. delivered tidal velocity data and detailed bathymetry data for 2 locations off the
southern Dutch coast (51°21'N 03°09'E and 51°35'N 03°02'E is this correct??). These data sets are
also used by Besio et al. (2006) as validation for a sand wave and sand bank model.

The data sets serve very well the purpose of the model validation since the observed wave length of
the bed forms is within a good range: 210-285 m. But in the Snamprogetti data sets only one single

value is provided on the maximal tidal currents and no information is available on residual currents.

Summary of input data:

File name ‘ CI)O h* [m] d* [mm] uU* [cm/s] ecc [_] ZO"r [cm/s] ‘ }Lmean obs [m]
Snaml 52°21' 40 0,25 41 0,17 - 285
Snam?2 51°35' 20 0,6 43 0,42 - 210

3. Cal al s-Dover strait, France

Le Bot and Trentesaux (1999?) study a sand wave field in the Strait of Calais-Dover at the
convergence of the South Falls and Sandettié sand banks (51°05'N 01°39'E). Due to strong residual
currents, the bed forms are observed to be “active”.

Good bathymetric data, tidal current measurements and sediment characterisation are available for
the site. The sea floor gently slopes from 32m (NW) to 39m (SE) and is covered by numerous bed
forms with wave lengths ranging from 350-800 m. Tidal current measurements were carried out
during 9 days at 51°06,15N 01°38,14'E, from which a harmonical decomposition was derived.
From the M2 component the depth averaged velocity U* is calculated and used as input for the
model.

Nothwithstanding a complete data set, this site suffers from a strong heterogeneity in the bottom
sediments: the ds, of the overall basic sediment is estimated at 0,315 mm but on the upstream slope
of the bed forms pebbles of 2,0-2,5 mm are dominant. (Upstream is here referred to the net
migration direction of the bed forms).

The site is devided in two data sets (NW sector and SE sector), corresponding with water depths of
33m and 36m respectively. Summary of input data:

File name ‘ q>0 h* [m] d* [mm] uU* [Cm/S] ecc [_] ZO* [cm/s] ‘ }\'mean obs [m]
CalaisNW 51°05' 33 0,315 84,68 0,06 14 400
CalaisSE 51°05' 36 0,315 84,68 0,06 14 450
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4. Bel gi an Conti nental Shelf

The Belgian territorial waters (approximately from 51,1° to 51,7°N and from 2,25° to 3,50°E)
occupy some 3500 km? in the southern part of the North Sea. The zone is characterised by a large
number of sand banks, and sand waves are diffusely present. The Belgian Continetal Shelf is the
zone closest to the coastline, accounting for 2000 km? of the territorial waters.

Detailed bathymetric data as well as the sediment ds, is available at a grid of 250x250m for all
Belgian territorial waters (AWZ-kust — Hydrografie 2006 and Verfallie et al. 2006). Moreover the
Belgian Continental Shelf is intensively and permanently monitored for wave and tidal
characteristics. Tidal current characteristics including harmonical decomposition and ellipticity are
extensively available from 8 measurement locations on the Belgian Continental Shelf
(Mouchet 1990). The 8 data sets that were created for this site are based on the 8 tidal current
measurement locations. The Belgian Continental Shelf is typically very shallow, partly due to the
presence of sandbanks, with waterdepths ranging from 5 to 25 m. The sea bottom uniformly
consists of sand in the range 0,1-0,4 mm. The M2 componenent of the tidal currents is typically 54-
70 cm/s. These velocities are measured at different depths, but are converted to depth averaged
velocities U* for sake of the numerical model.

The data sets for the Belgian Continental Shelf are very complete, but some uncertainties on the
input data is provoked by unaccurate decription of the measurement locations in the report on tidal

currents by Mouchet (1990). Moreover, measurement locations may have changed since 1990.

Summary of input data:

File name D, h* [m] d* [mm] U* [cm/s] e. [ Z* [cm/s] —— [m]
Kwint 51°21' 19,4 0,35 52 0,27 2,67 316
Nieuw 51°10' 10,0 0,24 48,7 0,23 5,29 t.b.determ
Trap 51°08' 6,0 0,21 46,78 0,12 1,46 250
ThornB 51°34' 14,9 0,33 50,7 0,35 2,52 430
Wand 51°24' 12,4 0,30 50,89 0,48 0,63 610
WesthA 51°23' 28,2 0,34 70,07 0,17 1,74 t.b.determ
AkkNE7 51°27' 16,3 0,32 63,98 0,35 0,58 617
AkkN13 51°23' 24,1 0,31 65,25 0,27 4,62 417

5.Sand Hills, United Kingdom

Snamprogetti S.p.a. provided documentation on the bed formations in the so-called Sand Hills area
in the Dogger Strait, off the Yorkshire coast (54°25'N 0°50'E). The bathymetry and sediment
surveys were carried out since the OLT37 route crosses this Sand Hills area.

A track of 26km along the OLT37 route through the Sand Hills area is considered in this report and
shows regular sand wave patterns. The seabed features pronounced ripples of 10-30cm high, sand
waves with lenght 15-320m and mean water depth varying from -67m to -56m. After deviding the
26km into 5 zones, the mean wavelength of the sand waves is been visually determined by a zero-
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up crossing method, and shows to be pretty constant per zone.

For the Sand Hills site there is no current velocity data available. Therefore, the flow characteristics
predicted by a numerical simulation for the zone have been adopted. Numerical simulations are
carried out with on the one hand a moderate bed roughness (z,*= 1-2cm, according HR Wallingford
20057?), and on the other hand with a roughness equal to the ripple height (z,*= ~20 cm). Only 2
data sets were used for the numerical simulation, since the site proves not to be predicted well by
the numerical model. Hills2 and Hills4 are selected because of their very regular sand wave pattern.

Summary of input data:

File name q)o h* [m] d* [mm] U* [Cm/S] ecc [_] ZO.}c [Cm/S] ‘mean,obs [m]
Hills2 54°25' 62,0 0,12 51,76 0,16 0,23 167
Hills2_zr20cm idem but zr*=20cm

Hills4 54°25' 59,0 0,20 51,76 0,16 0,23 170
Hills4_zr 20cm idem but zr*=20cm

6. Gol den Gate, California

A field of sand waves appears in front of the Golden Gate at the mouth of the San Francisco Bay,
California (37°48'N 122°29'W). The site is reigned by very strong tidal currents that exceed 2.5 m/s
during peak ebb flows, flowing back and forth in the Golden Gate and provoking severe local
scour. The water depths range from 30 to 106m, due to the presence of the deep local scour pit. The

sand wave field appears on the sea side in front of the scour pit and covers an area of approximately
4km?.

The bathymetry is available from a multibeam survey (Barnard et al. 2005?) while the sediment and
tidal current velocities are taken from Rubin and McCulloch (1979). The first article shows that
along the centerline axis the sand waves are very regular with wave lengths of 75m. The latter
article provides the peak depth-averaged velocities during average tide. These velocities are taken
as the M2 component and used as input for the numerical model. No information is available on the
residual current component, although the migration speed of the bedforms shows it must be
considerable.

The file GGatel includes the mean values of the variables as estimated from literature. In addition,
GGate2 is composed by the moste extreme values of the variables within the uncertainty range.
None of the two is simulated well by the numerical model.

Summary of input data:

File name ‘ CI)O h* [m] d* [mm] uU* [cm/s] ecc [_] ZO"c [cm/s] ‘ 7Lmean,obs [m]
GGatel 37°48' 45,0 1,00 160 - - 75
GGate2 37°48' 45,0 0,50 200 - - 75
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3. Conparison with field data

This chapter describes the basic model validation.

For comparison with field data, the saltation layer is implemented in the model as described by
Colombini (2004), but with saltation layer thickness taken equal to 1*z. Further in this report
(chapter 4) this parameter is subjected to a sensitivity analysis, but not in the basic model
validation.

The friction coefficient u in the expression of G is in all simulations kept as static, i.e. no reduction
to u is applied.

Following data sets have been used as input for the validation of Sandwave3D_variable_viscosity:

Bisan_II-1 Bisanseto location 11-1

Bisan_II-2 Bisanseto location 11-4

Bisan_II-17 Bisanseto location 1I-17

Snam1 Snamprogetti 1

Snam?2 Snamprogetti 2

CalaisNW Calais-Dover site, NW sector

CalaisSE Calais-Dover site, SE sector

Kwint Kwintebank, on Belgian Continental Shelf

Nieuw Nieuwpoortbank, on Belgian Continental Shelf

Trap Trapegeer, on Belgian Continental Shelf

ThornB Thorntonbank (AnalysisB), on Belgian Continental Shelf
Wand Wandelaar, on Belgian Continental Shelf

WesthA Westhinder (AnalysisA),on Belgian Continental Shelf
AKKNE7 Akkaert NE, current data from 7m depth, on Belgian Continental Shelf
AKKN13 Akkaert N, current data from 13m depth, on Belgian Continental Shelf
Hills2 Sand Hills area, zone 2

Hills2_zr20cm Sand Hills area, zone 2 with roughness 20cm

Hills4 Sand Hills area, zone 4

Hills4_zr20cm Sand Hills area, zone 4 with roughness 20cm

GGatel Golden Gate data set, mean values

GGate2 Golden Gate data set, extreme values

An overview is given in the graphs on the following page.
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Comparison with field observations
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The best results are obtained for the Calais-Dover Strait and the Belgian Continental Shelf.

The Bisanseto strait, Sand Hills site and Golden Gate site on the contrary are far from correct. In
the case Bisan_II-17 the flow does not exceeds Shields's criterion, so no sediment transport is
predicted and the growth rate of the sand waves is zero.

The Snamprogetti site off the southern Dutch coast is not simulated well, but is estimated within the
correct order of magnitude.

The model equally underpredicts as overpredicts the wave length of the bedforms for the sites
Calais-Dover Strait and Belgian Continental Shelf.

For the other sites where the model does not generate good predictions, the model tends to
underpredict the wave number, i.e. short wave lengths are not generated well by the model.

The present implementation of the model (with Colombini's saltation layer theory, and layer
thickness=z,.) rarely predicts an ¢, that exceeds 0,4. It seems to be a virtual limit of the model. This
might be a reason why Calais-Dover Strait and the Belgian Continental Shelf are better simulated
by the model than the other sites. To the contrary, it is shown in the next chapter that changing the
saltation layer thickness cannot force the model to predict well &, in the other sites.
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4. Variation of nodel input and paraneters

1.1 ncreasing N

The model is sensitive to the number N,. Increasing N,. gives lower ¢, values. The N, number
should be high enough to generate results that are not sensitive anymore to variations in N,, but low
enough not to slow down simulations.

A sensitivity analysis shows that N, = 6001 is a good choice. Some simulations are repeated with
N,=10001 to check that the results were indeed stable.

2.Variation of the saltation |ayer thickness

The saltation layer thickness implemented in the numerical model is varied (starting from the data
sets Snamprogetti, Bisanseto strait and Kwintebank) to determine the influence on «, . The
roughness z.* in all these simulations is kept constant, independent from the implemented saltation
layer thickness, but equal to the roughness as it is predicted by the HR Wallingford predictor for the
3 respective data sets (HR Wallingford 2005?).

The results are represented in the two logarithmic graphs on the next page.

It can be concluded that a thinner saltation layer makes the model to predict shorter wave lengths.
But for very thin saltation layers (order of magnitude ~ ds, ) the model does not show any local
maximum anymore for the growth rate ¥ (or only at extremely high values &, > 2~3). For saltation
layers thinner than 0,2 z,* no local maximum for ¥ is found in the case of the Bisanseto site — for
Kwintebank even not for 0,3 z,* or lower.

It is clearly observed that Snam1 and Snam?2 follow similar curves in the logarithmic diagram, very
different from the group Bisan and Kwint. However, the waterdepth of Snam1 (20m) is comparable
to the waterdepth in data sets Bisan_II-2 (22m) and Kwint (23,8m) but very distinct from Snam2
(40m). Probably the Shields criterion (combination of the input variables for flow velocity and
sediment ds, ) groups the data sets according 2 different curves in these logarithmic plots.

The graphs are very interesting and deserve more numerical simulations.

We remind that the sand wave numbers observed in the field are:

Snaml 0,88
Snam?2 0,60
Bisan_II-2 1,90
Bisan_II-17bis 2,70
Kwint 0,47

Changing the saltation layer thickness cannot force the model to simulate correct ¢, for the
Bisanseto and Snamprogetti site (and consequently neither Golden Gate and Sand Hills).
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Influence saltation layer thickness
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remark: Bisan_II-17bis is equal to Bisan_II-17 but with depth averaged flow velocity 80% higher in
oder to provoke sediment transport.
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3. Variation of the roughness zr*

The bottom roughness z,* is varied from a few mm to 30cm in the cases Snam1 and Kwint. In all

simulations, the saltation layer thickness is kept equal to z,* .

The results for the data sets Snam1 and Kwint are represented in the 2 graphs below, respectively

referred to the dimensionless z, and to the dimensional z,* .
According to the model, higher bed roughness generates longer waves.
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4. Variation of water depth h*

Varying the water depth implies a variation of all other dimensionless input variables.
Two data sets are used for the numerical variation of ~2* (ThornB and Trap). The results are shown

in the graph below, with «, values represented against the primary Y-axis, and wave lengths
expressed in [m] against the secondary Y-axis.
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The two data sets show very similar results:
e the wave number ¢, increases with increasing water depth, but reaches an asymptotic value
for great water depths.
e the wave length of the bedforms increases almost linear with water depth.

The generated points of the two different data sets are almost coinciding, as if they were exclusively
depending on the water depth. Indeed, the tidal flow velocities are very similar for the two cases
(47~51 m/s) but the sediment ds, is 0,33mm en 0,21 mm respectively.
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In a second step, the field data is analysed to extract a possible tendency for . (h*). Since we
believe that the model gives the best results for the Belgian Continental Shelf and the Calais-Dover
strait, we exclusively use those data sets to look for tendencies in the field.

Two different graphs on the next page show the wave number as function of the water depth and the
wave length as a function of the water depth. The local water depth in some data sets of the Belgian
Continental Shelf is uncertain (see paragraph 2.4). Those locations are represented in the graph as
pairs of points with equal (observed) wave number. The colours of the data points do correspond in
the two graph.

Although not as clear as in the numerical simulations, we observe in the field increasing ¢, for
increasing water depths. From the field data the existance of an asymptotic value cannot be
concluded (more data needed?).

The second graph that shows the field tendency for wave lengths as function of water depths does
not allow to deduct a clear tendency.

Generally, the field tendencies &, (h*) are not very clear since the 8 field data sets represent a
simultanuous variation of the parameters U*, h* and ds, . More numerical simulations with other
data sets (with very different ds, and/or U*) need to be carried out in order to allow a more
complete comparison with the field.
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Influence of h* observed in the field
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5.Variation of depth averaged flow velocity U*

Higher flow velocities generate shorter wave lengths, as is shown for the case Bisan_II-1

(O fieta=1,22).
Influence of M2 flow velocity U*
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6. Vari ation of the sedi nent di aneter d*
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Since the sediment diameter in the Calais site is unclear anyhow, the CalaisNW data set

(Qfiea=0,518) is chosen for a variation of the sediment ds .
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For dsp =3mm no sediment transport occurred.

The model predicts longer wave lengths for increasing sediment ds.
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5. Sunmary

1. The model was used with inherent model parameters N, = 6001 and i = t, . Colombini's
saltation layer theory (Colombini 2004) was implemented. In all simulations (except the
ones with explicit variationof z,*) z,* was always given the value that was predicted by the
HR Wallingford predictor.

2. For the validation of field data, the saltation layer thickness was in all cases kept equal to the
roughness z,* predicted by HR Wallingford. The model gives pretty good predictions for
all locations on the Belgian Continental Shelf and Calais-Dover strait. The Bisanseto
strait, Golden Gate site and Sand Hills site cannot be simulated by the model, probably
because of the very short wavelengths that are observed in the field. The order of the
predicted wavelengths for the Snamprogetti cases is correct, but pretty far from the actual
observed wavelengths.

3. For the sites that the model does not simulate well, the model tends to underpredict
considerably «,, 1.e. overpredicting the wavelengths. As far as concerns the Belgian
Continental Shelf and Calais-Dover strait the model equally over and underpredicts the
wave lengths.

4. The model is very sensitive to the choice of saltation layer thickness and roughness
coefficient. With z.* and saltation layer increasing, the model predicts longer wavelengths.
But changes to z,* or the saltation layer thickness could not force the model to predict well
the wave lengths for the Bisanseto strait, Golden Gate site and Sand Hills site.

5. For very small saltation layer thicknesses (~d or <~0,2*z,*) the model (with Colombini's
theory) does not generate a local maximum for gamma, or only for extremely high values of
a,

6. With increasing water depth #%*, the model predicts higher ¢, until an asymptote is reached.
The same tendency is found in the field data, but no asymptotic value was observed (more
data needed).

7. When increasing M2 velocities U*, the model predicts shorter wavelengths.

8. When increasing sediment ds,.*, the model predicts longer wavelengths.

Jan Cherlet 18 13-07-06



Comparison of numerical sand wave model with field data - Full description of simulations

6. Ref er ences

AWZ-Kust — Hydrografie (2006). Bathymetric data of Belgian Continetal Shelf ; digital model of
terrain, compiled by Ghent University, Renard Centre of Marine Geology.

Barnard, P.L., Hanes, D.M., Rubin, D.M. and Kvitek, R. (2005?). Giant active sand waves at

the entrance to San Francisco Bay, source???, 13pp.

Besio G., Blondeaux P. and Vittori G. (2006), On the formation of sand waves and sand banks,
under consideration for publication in J. Fluid Mech.

Colombini, M. (2004). Revisiting the linear theory of sand dune formation, Journal of Fluid
Mechanics, Vol. 502, pp.1-16

Hiroaki Ozasa (1974). Field investigation of large submarine sand waves, Coastal Engineering in
Japan, Vol. 17, pp.155-184.

HR Wallingford (2005?). Prediction of Ripple Properties in Shelf Seas, report TR 154, HR
Wallingford, United Kingdom, xxx pp.

Kazumasa Katoh, Hidetoshi Kume, Keiji Kuroki and Junzo Hasegawa (1998) The development
of sand waves and the maintenance of navigation channels in the Bisanseto Sea, Coastal
Engineering

Le Bot S. and Trentesaux A. (1999?). Determination of the hydrodynamic agents responsible for
dune migration. Classification of tide and storm temporal influences. Application to the Strait of

Dover, internal report of Univerité de Lille 1, 28pp.

Mouchet, A. (1990). Analysis of tidal elevations and currents along the Belgian coast, study made
for MUMM (Management Unit of the North Sea Mathematical Models), ref BH/88/29, Université
de Liege, 52pp.

Rubin, D.M. and McCulloch, D.S. (1979). The movement and equilibrium of bedforms in central
San Francisco Bay, proceedings of 58th Annual Meeting of the Pacific Division of the American

Association for the Advancement of Science, San Francisco, California, June 12-17, 1977, pp. 97-
113

Verfaillie E., Van Lancker V. and Van Meirvenne M. (2006). Multivariate geostatistics for the

predictive modelling of the surficial sand distribution in shelf seas. Submitted to Continental Shelf
Research.

Jan Cherlet 19 13-07-06



	Overview
	1.Introduction
	2.Description of field sites and data sets
	1.Bisanseto strait, Japan
	2.Snamprogetti site, the Netherlands
	3.Calais-Dover strait, France
	4.Belgian Continental Shelf
	5.Sand Hills, United Kingdom
	6.Golden Gate, California

	3.Comparison with field data
	4.Variation of model input and parameters
	1.Increasing Np
	2.Variation of the saltation layer thickness
	3.Variation of the roughness zr*
	4.Variation of water depth h*
	5.Variation of depth averaged flow velocity U*
	6.Variation of the sediment diameter d*

	5.Summary
	6.References

