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STRESZCZENIE: Celem pracy jest okreslenie stanu i zmian rzeZby stozka uj$ciowego Wisty Przekop, w okresie lat
2009-2014, w relacji do oceny warunkéw swobodnego sptywu wod Wisty. Stanowi to istotny element dla oceny skutecznosci
zapobiegania powodziom w rejonie Zutaw. Podstawe badan stanowig szczegStowe, monitoringowe pomiary batymetrii
i morfometrii stozka wraz z kanatem doprowadzajgcym. Stosowano nowoczesng aparature (gtéwnie DGPS RTK i specjal-
istyczne systemy nawigacyjne oraz echosonde wielowigzkowa) zapewniajgcg uzyskanie cyfrowego modelu powierzchni
dna, z decymetrowg doktfadnoscig potozenia punktow. W kolejnych latach wykonano serie map batymetrycznych dla skali
1:10 000, map rzezby i map réznicowych zmian rzezby. Stwierdzone znaczne zmiany charakteru rzezby (przy wzglednie niew-
ielkim zmianach konturéw stozka), wskazuja na ich istotna role w ksztattowaniu warunkéw swobodnego sptywu wod Wisty.

ABSTRACT: The aim of this study is to determine the state and changes of the Vistula Canal (Wisfa Przekop) external
delta relief, in the period of 2009-2014, and in relation to the assessment of the conditions of free runoff of the Vistula
River waters. This is an important element for assessing the effectiveness of flood prevention in the area of Zutawy.
The basis of the study are detailed bathymetry monitoring and morphometric measurements of the external delta with
the supply channel. Modern equipment was used (mainly RTK and DGPS specialist navigation systems and multibeam
echosounder), providing the obtainment of a digital model of the seabed surface, with decimeter accuracy of location
points. In subsequent years, a series of bathymetric maps for the scale of 1:10 000 was made, as well as relief maps
and maps of differential changes of the relief. The observed significant changes in the nature of the relief (with relati-
vely small changes in the contours of the delta), indicate their important role in shaping the conditions of free runoff
Vistula waters.

INTRODUCTION

An area of the Vistula River estuary is a vast, low-lying area
of Zutawy, which is the inland Vistula Delta, with numerous
arms and channels (Fig. 1). In 1895 a canal leading Vistula
waters directly to the Gulf of Gdansk (vide tomniewski 1960;
Majewski 1969) was made here, bypassing the natural end
of the trough running through Gdarisk (Fig. 2). The aim of the
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investment was and is the prevention of flood risk in the city
and Zutawy due to congestion in the bed of the Vistula River.
Upon opening the canal, the process of forming a new mouth
fan started, outgoing beyond the Vistula delta range, known
as the external delta (vide Koszka-Maror 2009).

Surveys of the mouth fan of the Vistula River has been ongo-
ing for many years (vide Graniczny et al. 2014; Kozakiewicz
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Fig. 1. Location of the study area (drown by R. Wréblewski)

2005; tomniewski 1960; Majewski 1969; Stomianko 1956;
Gajewski & Rudowski 1997; Lubomirski et al. 1999), since the
creation of the ditch. Very rich material was collected, with
which was recently summarized to the fullest in the work of
D. Koszka-Maron (2009, 2014), which is the essential basis
for further monitoring studies.

The state and changes occurring in the estuary mouth of
the Vistula River are important for assessing the flood risk
relation to the conditions of free runoff of Vistula waters
and flowing ice.

The basis for the survey of the estuary are the bathymetric
surveys, carried out in subsequent years, using new, inno-
vative and more accurate methods. The results of detailed
monitoring research, conducted by the Maritime Institute in
Gdansk in 2009-2014, were presented (Brzeziriska et al. 2009;
Katas et al. 2013a, 2013b; Staskiewicz et al. 2010, 2011; Sze-
fler et al. 2014). These measurements allowed the preparation
of the digital model of bathymetry and bottom morphology
and then the development, of bathymetric isobaths maps for
individual situations (Fig. 3), bathymetric profiles (Fig. 4) and
relief maps (Fig. 5). The changes in bathymetry and essen-
tial units of the estuary relief were presented. The obtained
results are of fundamental importance for the assessment
of the estuary and tendencies of its development and thus
for assessing the effectiveness of flood management, and

www.bullmaritimeinstitute.com

PRACE ORYGINALNE / ORYGINAL ARTICLES

direct and indirect impacts on its form and the environment
of the shore.

This is the first study of a series of further monitoring and
thematic studies (e.g. granulation, structure, hydrology and
hydrodynamics, etc.), which are planned to be carried out in
the upcoming years (with the continuation of bathymetric-
-morphometric studies.

MATERIALS AND METHODS

Field work was performed in the years of 2009-2014. Regi-
strations were carried out with a surveying cutter - IMOROS
Il. The Reson Seabat 7101 multibeam echosounder and
Deso 15 single beam echosounder were used (in the shal-
lows of the estuary that has a depth of less than 5 meters).
The obtained bathymetric data was corrected in relation to
the speed of sound propagation in water (measured by the
Reson SVP 15 meter) and related to the level of the NN
Amsterdam 1955. The location was performed using the
DGPS Trimble RTK 851 navigation system in the ,1992"
(WGS84 ellipsoid) coordinate system. Data were collected
and developed digitally in the Quinsy 8.1 System. In addition,
direct measurements were performed of the current course
of the coastline, and periodically emergent backwaters and
sandy islands.

A detailed description of the used measurement equipment
and the used survey methods is presented in the reports
from different stages of research (Katas et al. 2013a, 2013b;
Staskiewicz et al. 2009, 2010, 2011).

RESULTS

On the basis of the bathymetric maps of estuary mouth
from consecutive years, a sketch was presented of the relief
character including its main units: the supply channel and
distribution channels, delta plain, delta front, and prodelta
(Fig. 5). The resulting abundant collection of bathymetric
data allowed the creation of a digital model of the bottom
surface with high resolution, and then the creation of diffe-
rential maps showing the changes of bathymetry and mor-
phometry (Fig. 6 & 7).

The measurement results from previous years have a much
less accurate location of points (both flat and depth coor-
dinates) and can be used only for very general comparative
analysis of the results of current research results.

Formerly a comparative analysis was used through mapping
changes in positions of the selected bottom contours (plotted
from line profiles). Mainly isobaths Om, 5m, 10m and 15 me-
ters were used). However, the course of the bottom contours
does not correspond to the contours of the main forms of
estuary. The character of the seabed relief was developed
on the basis of a detailed bathymetric map (scale 1:10 000,
with a cut of bottom contours of 0.25 m).
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Fig.2. Changes of the Vistula outflow in period of 1899-2014 (drown by R. Wréblewski).

Geomorphological determining of forms was made in rela-
tion to synthetic studies of deltas (mainly Allen 1970; Chu-
dzikiewicz et al. 1979; Coleman & Prior 1981; Gradzinski et
al. 1976; Reineck & Singh 1980) and trough flows (Babiriski
1992; Gizejewski 1973; Pasierbiewicz 1976; Zwoliriski 1998).

Four main units of the seabed relief were identified with
smaller mesoforms and microforms within them. These are:
the supply channel — Vistula Ditch (with sand point bars and
pools), Delta Plain (with distribution channels, bars, shoals
and islands), Delta Front and Prodelta.

Supply channel

The Vistula Canal is an artificial channel leading Vistula
waters to the lagoon, which flow over the delta estuary,
which is being formed. The Vistula Ditch channel, along
with the part contained by the breakwaters on the bottom
of the Gulf of Gdarisk, has a length of about 3 kilometers
and a width of about 500 meters. The channel bottom depth
distribution is variable (Fig. 3, 4 & 5), from bars (even < 1
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m) and pools reaching 7 meters deep. The distribution of
bars and pools was subjected to changes in subsequent
years (Fig. 5).

Delta Plain

The Vistula Delta is a young, but already well-shaped, un-
derwater delta, with a clearly formed delta plain, slope of
the delta front and prodelta. The area of the delta plain, with
a depth of approximately. 2-5 meters has denivelations to 2
meters, with bars and troughs of distribution channels and
parts of shallow water with islands.

It draws attention to the change of the distribution channels
as a result of the formation of shoals and islands in the front
of the estuary. In 2009, there was only one distribution chan-
nel (Fig. 5A) running in the extension of the supply channel.
In the following years (Fig. 5B-H) this channel underwent
division and/or branching, with side channels, bypassing
the frontally located island in, and other smaller arms of,
the estuary.
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Fig.3. Bathymetric map of the Vistula River External Delta, October 2014.
Locations of bathymetric profiles (Fig. 4) are shown.
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Fig.4. Bathymetric profiles across the Mouth Fan. Their locations are
shown on Fig. 3.

Delta Front

The edge of the delta plain, located at the depth of 3-5 meters, is
usually mildly outlined, locally acute in places of recent erosion
cuts. The upper part of the slope is gentle of a few degrees, and
has a depth of about 5 meters. Below (to a depth of 11-12 m),
the slope is steeply inclined to about 15 °, and then (to about
15-16 m), the slope of the delta front is gently inclined about
5° and borders with the prodelta.
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Fig.5. Geomorphological sketch of the Vistula River External Delta in years
2009-2014 (a-h).

Prodelta

The prodelta in this case is the part of the seabed situated
below the delta front, generally very weakly inclined (less than
3°). There are long, rounded forms of ridges, with gradually de-
creasing dimensions, entering far into the open body of water,
even at a depth of over 20 meters.

The changes of the Vistula River estuary mouth
relief in the years of 2009-2013

The changes of the mouth include both the changes of its
outline as well as changes ofand the character of its surface.
The changes of the mouth’s outline were hitherto assessed
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Fig 6. Differential maps of location of borders units: delta plain/delta front
and delta front/prodelta in years 2009-2014.

on the basis of the changes of the location of 0, 5, 10 and
15 meter isobaths. The 5 meter isobaths corresponds to the
delta plain/delta front outline, 10 meter isobaths to the delta
front / prodelta; and 15 meter isobaths to the prodelta range.
These isobaths were outlined on the basis of the location of
adequate points on bathymetric profiles, which inevitably had
limited accuracy of coordinate designation. The methods used
in the presented study allow to obtain the cloud of points with
precise coordinates, suitable for the development of a digital
model of the bottom, and accurate maps. Based on the ana-
lysis of maps, the outlines of the contours of the mouth were
plotted (delta plain border, the basis of the delta front and the
prodelta range). They have variable depth values along the line
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Fig.7. Differential maps of bathymetry of the Vistula River External Delta in
years 2009-2014.

of their location. Thus, the location of the selected isobaths do
not match the position of the form'’s contours, which is visible
even more clearly in differential studies.

Differential Studies of individual maps (Fig. 6 & 7) in the inve-
stigation period showed little change in the contours of the
mouth, with great changes in the supply channel. Significant
changes were however found in the relief character, especially
the surface of the delta plain. This is clearly manifested by the
changes of the position of channels and shoals.

In 2009, a single (Fig. 5A), relatively straightforward extension
of the distribution channel constituted a supply channel, with
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a conveniently open mouth. Reaching through the delta plain to
its front, allowed free flow of the Vistula River waters. In the fol-
lowing years, the formation and development of the shallows in
front of the delta plain (probably under the influence of changes
in the supply of sediment, wave motion, the effects of dredging
at the mouth of the supply channel, etc.) caused the separation
of the distribution channel into two or even three arms. Such
situations cause difficulties in collecting water and threaten the
formation of sand dams by front bars and also by the accumu-
lation of flowing ice.

SUMMARY AND CONCLUSIONS

A true, highly accurate cartographic picture of the changes
in relief was obtained and presented, which is the indispen-
sable basis for further monitoring surveys and methodolo-
gical studies.

The relief and changes of the estuary mouth indicate:

+ Variable and meandering nature of the mainstream in the
supply channel, shuffled from side to side and forming both
bars and pools;
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