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Summary

The paper presents measurement and calculation results of volume samples
taken from the bedforms of the sand-gravel bed river in Polish Carpathians. As
a sample method the “in situ” sample freezing method was applied. River channel
geometry and changes in the morphology of the river bed were  investigated using
laser geodimeter. The procedures have been carried out on the Raba River downst-
ream of its confluence with the Vistula River. The main research was conducted in
spring and autumn 2006. To give a picture of the long term processes which have
the influence on the changes of the river bed along the investigated reach for com-
parison some of the results from year 2005 are also presented. The basic informa-
tion about research catchment, its location, gravel sampling methodology and cha-
racteristics of sand-gravel dunes  are included. Development of riverbed forms as
a mixture of sand and gravel according to their granulometric composition was
detailed. The samples were analyzed considering the layered structure of the dunes
and the results of statistical calculations are provided. Tables of granulometric pa-
rameters in metric and logarithmic scales are presented among other information
such as: mean diameter, sorting index, sorting degree, coefficient of grains uni-
formity and non-uniformity, standard deviation, skewness, flatness. With this in-
formation the genealogy of dune and their mobility along the river bed could be
predicted.

Key words: sand-gravel dunes, river bed granulometry, river outlet, the Raba
River
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INTRODUCTION

One of the most common features among the bed-forms which one can
easily recognize on the sand river bed are dunes. They are defined as accumula-
tions of sediments, which particles usually sand-sized (2 mm or less in diameter)
[Thomas and Goudie 2000]. Dunes can be formed by wind in eolian environ-
ments but also in water, generated by turbulent flow structures in fluvial envi-
ronments. The present literature quite a bit is saying about river sand dunes
[Allen 1968, 1984, 1985; Flemming 1988; Ashley 1990; Carling et al. 2000]
whereas  gravel sub-aqueous bed forms (those with a median grain size greater
than 2 mm), which occur on river beds which are composed of sand and gravel
mixtures are reported very rarely within the literature. Reviewing the literature,
equilibrium and non-equilibrium gravel dunes range in length from less than
0.6 m to greater than 100 m. Their heights range from less then 0.1 m to 16 m
[Carling 1999]. Height (H) and length (L) data for the gravel dunes reported by
some researchers [Carling 1999] are consistent with the H:L function reported
by Ashley [1990] for equilibrium dunes developed in sand. Using Ashley's
(1990) dune form criteria of height (>0.1 m) and length (>0.6 m) as a general
guide it can be shown that gravel dunes have been correctly identified in the
number of studies [e.g. Dinehart 1992 and Carling et al. 2005]. The aim of the
present paper is to show how riverbed forms develope in the mixture of sand and
gravel and most of all what is their internal granulometric composition using the
detailed example of one of them. The study site was in the upland part of the
Raba River below the Dobczyce Water Reservoir and close to the confluence
with the Vistula River. The study is important firstly because of the need for
a better understanding of the process of formation such features like sand-gravel
bed forms in fluvial environments (especially that field works of such subject are
vary rare reported in the literature) and secondly for understanding of bed form
forming process  for geologists to interpret how sedimentary rocks were compo-
sed, where ancient sedimentary assemblages are believed to be of alluvial origin.

MATHERIALS AND METHODS

Research catchment

The Raba River (Fig. 1) is mostly (86%) situated in the Polish part of  the
Eastern Carpathian Mountains (the Wyspowy Beskid and the Zywiecki Beskid)
which are Carpathian flysh.   The basic catchment parameters of the river is pre-
sented in table 1 (Radecki-Pawlik et al. 2006, Słowik-Opoka 2006). Its stream-
bed, along the alluvial part, consists mostly of sandstone and mudstone bed-load
pebbles and cobbles (from Magurian nappe). The typical structure of the lower
Raba River alluvial plain, from the beginning of the 20th century consists of
normally loose pebble gravels, open work pebble gravels, dilated framework
pebble gravels, trough cross-stratified and parallel laminated medium to very
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coarse grained sands, massive find sands and muds [Wyżga 1993]. The coarser
grains which collect as armour on the river bed, also form a framework, the in-
terstices of which are filled by a matrix of finer sediment.

Table 1. Physical characteristics of investigated river

Variables The Raba River

Precipitation [mm]
Catchment Area [km2]
Channel Length [km]
Mean annual flow [m3 s-1]
Minimal annual flow [m3 s-1]
Average slope [-]
Average slope of the research region [-]
Two years flood Q50%  [m3 s-1]
Ten years flood Q10% [m3 s-1]
One hundred years flood Q1% [m3 s-1]
One thousand years flood Q0.1% [m3 s-1]

760
1573
137
20.86
2.71
0.0044
0.0006
498
1007
1724
2074

Figure 1. The research region location

The Raba River, during the spring and early summer floods, experiences
frequent bed load movement, which is reflected in many mobile gravel bars
which form along the margins and centre of the river channel. The research re-
gion of the Raba River (reach 700 m long, averages 50 m wide - close to the
Uscie Solne municipality), where the Raba joins the Vistula River, is situated at
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the border of the uplands (14% of the catchment is situated in Carpathian intra-
montane and submontane depressions).

The river loses here its mountainous character and is alluvial. The river
bed sediment here is the mixture of sand and gravel. The river bed usually is
characterised by an armour layer where the range of sediment is from 0.4 mm do
50 mm, with sand and gravel moving above it.  In low to medium flows the wa-
ter is very clear making the sediment transport processes visible to the eye. On
the armoring layer sand and sand-gravel bedforms appear under certain range of
hydraulics conditions. These bedforms are built up with sediment of the range of
D50 placed them within the sand-gravel bedforms.

Gravel sampling methodology

Volume sample
One of the method we used to sample river bed matherial was volume-

sampling. Volume sampling is the method which is usually applied to the sieve
analysis. A predetermined volume of material is removed with a shovel from the
riverbed. The volume should be large enough to become independent of the in-
dividual particles that comprise the sample. The pavement is typically on grain
size thick and so the sample is usually dependent on the individual grain size
[Church et. al.1987]. After a sample has been removed from the riverbed, the
particles are placed into sizes classes based on particle sieve diameters and by
calculating the ratio of the volume of particles in each size to the total volume in
the sample and the weight was substituted for volume. A gravelometer is used to
measure particles between 10-mm and 80-mm. The gravelometer use a templates
with round openings corresponding to different sieve sizes. The sieve diameter
represents the opening in the gravelometer template that the particle with smaller
intermediate axis will pass through. The maximum grain size dmax is obtained in
direct measurement.

Method of in situ sample freezing
To study in details the bed form composition we used the sample freezing

method. Here a bedload sample from the river bed is frozen by means of a probe,
supplied with liquid nitrogen and driven into the bed (Fig. 2). It’s main part, viz.
a copper tube (1), Ø = 5 cm is driven into the river bed at a depth of 30-50 cm.
The tube is ended with a cross with a hoist holder (2) and an inlet bowl. Liquid
nitrogen is poured through a funnel (3) into the probe. The freezing time
depends mainly upon the water temperature, debris consolidation degree and the
debris grain size. Fast cooling down of the tube freezes the surrounding bed
material [Michalik 2000].
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Figure 2. Freeze sampler 1 – copper tube, Ø = 5 cm,    2 – hoist holder, 3 – funnel

A frozen sample is taken out with a hand hoist and placed on a special box.
The box is provided with baffles, for example at 5 cm intervals, so that the mate-
rial under de-freezing may fall in the apposite layer. For each layer one can de-
termine the grain-size distribution.

The application of the bedload sample freezing method enables the reco-
gnition of the structure in the river bed, i.e. to determine either the armouring
layer and the bed/substratum.

Figure 3. Frozen sample of the bed material, the Raba River, km 0+560, July 2005
(by E. Słowik-Opoka)
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Granulometric analysis
To analyze the granulometric parameters of the measured bed form mate-

rial we used the following relationships and formulea:
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Channel geometry

To characterize river channel geometry the measurements of Raba section
were taken. The research location was safely accessible from the Raba River
banks on foot under low discharge and from a rubber boat under mean discharge
conditions.  The location was being visited daily during the several sampling
periods. The work within the research reach concentrated on surveying with
laser geodimeter. The distance between cross-sections was from 5 m to 20 m.
The whole number of cross-section was 59. The whole measurements were done
to localize precisely the all identyfied dunes (especially this one of interest) and
also changes in the geometry of the river bed.

RESULTS AND DISCUSSION

The longitudaul profile of the measured Raba River reach are shown below
in the Figure 4. The distance of the research reach was 732 m with the slope 0,32
‰. It is important to know it to set up all measurements within the measured
profiles and to know the changes of the river bed along the measured research
reach.
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Figure 4. Longitudinal profile of the section of the Raba River

The measured river bed form with different grain size diameter in the lay-
ers (d50=4÷11mm) has the surface layer with the lowest diameter, the next four
layers 5÷25cm were not enough consolidated to become a part of the probe.
Surface layer according to sampling method which use the isolation protection
from above moving water almost always takes a part in a probe. Observing the
vertical profiles of standard deviation one can see there is no direct regularity in
corresponding values for the same depth in the nearby profile value (fig. 5) nor
there are any other similarities among the measured probes. What repeats in each
probe are high differences between neighboring layers in figure 5 up to 60% for
the middle part of the dune. The direct contact of layers with different standard
deviation values is a device for intensive and continuous process of bed material
transport.  The time for achieving uniform depository among the layers is too
short compare to the speed of new layers creation. As a result of this quick pro-
cesses armored layers of standard deviation lower than 1.5 and layers of mixed
bed material with observed values higher than 3.5 are in the contact. Going up
from down parts of the bed form the changes in standard deviations are presen-
ted.

All of the probes have an deep laying 20-30 cm or even 50 cm armoured
layer. Missing values are representing layers of consolidation too weak to freeze
with used method so in this layers the lowest values are to be expected. The
explanation for the situation like this is the intensive water filtration in missing
layers giving high exchange of heat preventing the probes freeze. So the empty
spots in the measurement results despite the fact that the accurate values are
unknown gives the information about the localization of the dune armouring
layer.
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Figure 5. Standard deviation distributions, Raba 2006, dune

The histogram of the grain size presented on figure 6 shows distribution
skewness along the bed form. In every each point and layer of the bed form the
dominating shear stresses as a result of forces acting on the bed material sorting
the grain. For the whole grain size of the probes the critical shear stresses are
mostly smaller than created by the acting forces and so the dominance of highest
fraction in probes which proves the continuous movement of the bed form. Li-
sting of all recorded granulometric parameters and calculated values based on
equations written above for the dune 1 in year 2006 presents the table 3 in metric
scale.
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Figure 6. Grain size histogram, Raba 2006, dune, down edge

Table 2 gives the complete information of measured and calculated values
partially analyzed in previously presented figures.
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CONCLUSIONS

From the above analysis and observations there we redrawn the following
conclusions:

− According to granulometric parameters calculations one can say that on
the observed Raba River section the dominating is a coarse-grain samples frac-
tion. Also the dunes localized here are of grain-sand material (d50>2mm).

− Sorting degree in observed grain-sand dunes is not fully uniform. As an
example dune “1” localized in the middle of the river bed is of a bad sorting. The
material going with the stream down to the highest point of dune is of a weak
sorting and this value becomes better at the lowest part of bed form.

− The analyzed grain-sand dunes are of a uni-modal grain-size distribu-
tion. This proves the form was created by only one high discharge.

− To calculate sorting of a material the Trask (metric scale) and the Folk
(logarithmic scale) equations were used giving similar results.

− Based on the changes of bed material diameters (d16, d50, d84, dm) the ob-
servation was made the maximal diameter dmax in every each of probes taken
appears at in the deepest layer. That suggests an armouring layer at this deep.
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