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Abstract

During last decades a multibeam echosounder hasrieea widely used tool for a high resolution, ragidl, first
of all, cost-effective mapping of submerged envinemts. At the present time, wealthy literature teslato the
bedform characterization based on the multibeanttswathymetry systems data collected in differemiatic
areas all over the World exist. In this paper, itasef the recent bathymetry investigations intien Vistula river
mouth — the Cross-cut artificial channel, which svgrerformed several times during 2009-2012 yeaes ar
presented. The comprehensive riverbed morphologlyeo€hannel is characterized by the set of tHerdifit kinds
and patterns of sandy bedforms. A detailed anabfstee bottom roughnesses in conjunction with arjitative
parameterization of the primary geometrical chanmdstics of the bedforms based on two-dimensiopakcsal
analysis (2D FFT) are executed. The obtained egulicates significant changes of the morpholagy lbedform
patterns which are very important in order to eatenand verify the bedload sediment transport pimemna and
hydrodynamic processes connected with. Moreovech soformation is required for predicting of theodid
possibility related to riverine and sea storm sgligehe area of interest.

1. INTRODUCTION echosounder systems (MBES). It has found a
reflect in growing numbers of the scientific works
Different type of bottom surface roughnesses, sucBncapsulating this topic.
as ripples, megaripples, sandwaves and dunes, &eme classification schemes of the various type of
a fundamental seafloor features which reflect anthe bedforms were proposed (Ashley, 1990,
at the same time impact on a variety of physicaMitchell & Hughes Clarke, 1994, Knaapen al,
phenomena including sediment transport an@001, Tegowskiet al, 2011), models of wind
hydrodynamic processes. Characterization of thigzaves and currents interaction with seabottom
rhythmic bedforms essential parameters, theiwere created (Davist al, 2004).
spatial distribution, dimension and orientation, asJsing of a high-frequency MBES gave a
well as its migration and evolution, is with no possibility to determine a total volumetric
doubts required for understanding and quantifyingediment transport in a tidal channel (Bartholoméa
the influence of sediment topography on currenet al, 2004) and a sand dunes crests migration
state of a aquatic system and can be useful f@ver a tidal period in a shallow water (Knaagtn
predicting of its natural and anthropogenical., 2005).
changes. An attempt of finding a relationship between
The oceanographers’ community manifestprecise morphology, three-dimensional flow
growing interest in a quantitative echosounderstructure and sediment transport over a large sand
data analysis in context of the sediment transpodunes was presented in Parsenal. (2005, 2006).
estimation since the sonar systems of sea bottometailed information about bottom topography
visualization have appeared (among othersgchanges together with space distribution of the
Kenyon, 1970, Kenyort al, 1981). But just in flow speed and grain size analysis of the bed
last years, development of the sonar technologiesaterial allowed the direct determination of bed
computer techniques and signal processingesistance during flood on the Rhine river (Julien
methods has led to more fully exploitation of anet al, 2002).
information obtained by also in case of multibeam
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High variability of the main bedform structures Generally, a hydrological conditions in the main
parameters in space and in time requires aWistula river mouth area, where a river waters mix
appropriate mathematic tool for its determinationwith sea waters from the Gulf of Gdansk, are
In context of scientific problem presented in thisformed through interaction of the processes from
paper, results of works of many investigators basethis two environments. This riverine and marine
on algorithms of two-dimensional Fast Fourierprocesses influence superbly on not only current
Transform (2D FFT) spectral analysis havehydrological regime in the area, but seriosly affec
indicateda possibility of detailed quantification of on the morphology evolution of this part of the
the primary bedforms characteristics, determingiver, coast and neighbouring marine waters in
their space form and dominant surface roughnessémngterm period of time.

(among othersPercival & Walden, 1993, Lyorest  Scale of the hydrological conditions related to the
al., 2002, Briggset al, 2005, Cazenavet al, magnitude and variation of the water flows during
2008, Lefebvreet al, 2011, Lefebvre & Lyons, 2009-2012 hydrological years is presented in
2011), what is a main term for verification of theFig.2. Average daily water discharge dateere
bedload sediment transport and hydrodynamiobtained from the gauging section located in

processes connected with. Tczew, in range of 31.2km upstream the Vistula
channel mouth. This gauging section is the last
2. MEASUREMENT AREA representative place situated in the lower reach of

the Vistula river, which covers 99,92% of the

Investigations were carried out in the main Vistulac@tchment —area (Augustowski, 1982), and,
river mouth located in Polish coastal waters (FigMoreover, is not subjected to the impact of the
1). The Vistula is the longest river in Poland and’@ckwater phenomena connected with the sea
plays a dominant role as regards both thstorm surge (mainly occurs when strong winds

catchment area size and the amount of dischargdoW from north and west directions during long

water flowing into the Gulf of Gdansk. period of time).
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Figure 1. Location of the measurement area. variations in water discharge were taken place.
Several phenomena with extremely high

The main Vistula river mouth is the Cross-cutngtr]c;tu%%soéfsnrif C,;[/?;yvgéqs F;rr?; |[;|t2tr|]cc))r\;v_frlrc])§|?s
artificial channel with aca 3000m length, 400m fﬂoods (up to 4000ffs in January 2011) were

width and up to 10m depth. More than 95% o . .
total Vistula waters outflow into the sea through()loserve‘j and with no doubts have significantly

this channel with the average annual wate

discharge more than 10085 (Cyberski, 1997). hydrolog?cal data source - internet informationvise
of the Institute of Meteorology and Water Managetnen

www.pogodynka.pl
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influenced on morphological character of thecalculated only in sub-domains with a full data
bottom as well as sediment mass transport in theoveragécompletely wet areas).

area of interest. Then, the power spectrum density was calculated
and direction and spatial frequency of the most
3. METHODS energetic peak were determined.

As it was also noted in Lefebvret al. (2011),
3.1. Data acquisition although the data were detrended before being

Bathymetry measurements were carried out severgPectrally transformed, low frequency components
times in 2009-2012 years on the board of thdvere still present and masked the higher
hydrographic boat Imoros 2. In the paper, resultgequenmes_ that are of interest. So, frequencies
of two measurement campaigns which Weré:orrespondm_g to wavlengthsf Iarge_r than_25m (half
performed in 20-23 August 2009 and 4-6 Juné square window geometrical dimension) were
2012 are presented. An area of the interest wdLtered out

mapped using boat mounted high-resolution Reson

Seabat 8101 (before 2012 vyear) and 710#. RESULTS

multibeam echosounder systems (MBES). The

positioning system DGPS RTK Trimble SPS 851The comprehensive morphological character of the
together with Ixsea Hydrins inertial navigation bottom is presented (Fig.3). The bottom relief are
system were integrated with MBES using theconsist of two biggest forms: sand bar and trough,
QINSy data acquisition software package. Durindocated along the border of the channel. In August
of the each hydroacoustic surveys, the vertica2009 (Fig. 3a), this main forms occupied almost all
sound speed profiles were measured using thef the channel area. But at the end part, the troug
portable model Reson Sound Velocity Probds closed by the sandbar and nearly filled the

SVP15. channel mouth, in spite of the left side where an
erosional depression is situated. In June 2012 (Fig
3.2.  Postprocessing 3b), there are significant changes in bottom

The bathymetric data were gridded with a cell sizenorphology. The sandbar is become longer,
of 0.25m. The whole dataset was subsequentigompletely covered the erosional depression. By
divided into the sub-domains using by a slidinganother hand, the trough end is become good
square windows of 50m side with a 75%formed completely opened the mouth. Moreover, a
overlapping between an adjacent windows. Withirset of the different bedforms as sandwaves with
a particular window, the mean depth wassuperimposed megaripples and ripples with
subtracted from each data sample and then \@rious height, wavelength and orientation are
detrending procedure was applied. In order t®bserved.

minimize the spectral leakagdue to thefinite  The calculated bedform orientation and

length of the data set, the data in each windowavelength based on the results of the two-
were pre-multiplying by single orthogonal taperdimensional spectral analysis in particular square
belongs to a family of functions known as discretevindows, depicted by black vectors and

prolate spheroidal sequences (DPSS). Next, theuperimposed on the part of the appropriate bottom
spectral analysis based on the 2D Fast Fourigelief (depicted by dashed rectangulars in Fig.3)

Transform (2D FFT) algorithm was executed: are shown in more detailed scale in Fig.4. The
oot i e o) different pattern of the bedform crests and

S(f,. f,) = H {x ye " Waxdy (1) significant changes of the their spatial frequency
N and orienation as well as distribution are distinct

where s(x,y) = spatial signal in the x and Yy,dip|e

directions, S f,) = two-dimensional amplitude '

spectrum referred to the appropriate spati

frequencies,fand §. aé CONCLUSIONS

In order to exclude appearance of false . L I
components in spectra associated with the borddi1€ obtained results indicates that the application

of the data coverage effect, the 2D FFT wadf the 2D spectral analysis is a good tool for
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Figure 3. Bathymetry images of the Vistulaer channel on the base of measurements pertt
in August 2009 (a) and June 2012 (b). Coordinaté§¥GS-84. Colorbar scales in meters.
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Figure 4.Calculated bedform orientation and wavelength degiin the black vectors superimposed on
bottom relief of the river channel (pat the Fig.3 in bigger scale) for August 2009 (aji une 2012 (t
respectively. Length of the black vectors is prépoal on bedform wavelength. Coordinates in W&IS-
Colorbar scales in meters.
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