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The ‘Room for the River' strategy for Dutch river management asks for more

information about morphodynamics and vegetation succession in natural rivers.

In order to obtain such information, the Lower Volga River in Russia is chosen

as a natural reference river for the Dutch Waal River. Objective of the project

Morphodynamics Lower and Waal is to provide more insight in:

e The natural coherence between morphodynamics and vegetation
succession;

e The rate at which succession of ecotopes is to be expected as a reaction on
morphological changes;

e The effect that vegetation and vegetation succession have on
morphodynamics of rivers, mainly on point bar growth, bank erosion and
sedimentation on the floodplain.

Both the large Lower Volga River and its smaller side-branch the Akhtuba River
are dynamic sandy rivers with a small gradient. Satellite image analysis gives
large-scale information about migration of these rivers, whereas several
fieldworks provide information on a smaller scale; i.e. that of a point bar.

Aim of the 2002 fieldwork is a quantification of short-term morpho- and
vegetation dynamics, obtaining additional information about tree ages and
using the Akhtuba River to scale down the results from the Volga River. At the
Volga River one bend, the Zakrutsky area, is studied by levelling several
profiles, mapping contours using GPS, sounding the riverbed and determining
the vegetation age by auging trees. This not only provides information about
the current situation, results also can be compared to data obtained during
earlier fieldworks. At the Akhtuba River more cross-sections of point bars are
levelled and the vegetation development along two of them is recorded by
pictures and drawings. This river has not been studied before.

The bend at Zakrutsky shows a lot of morphological activity with a high water
channel, an accreting scroll bar, and average outer bank erosion of 19 m/yr.
Most morphological activity at the point bar raises the terrain level, thus
decreasing inundation time, soil moisture and flow velocities, which asks for
other species. Furthermore, the morphological changes give pioneering
vegetation the chance to develop almost every year after a flood because
existing vegetation becomes covered with sand and dies, or because new land
like the scroll bar is created. This means rejuvenation takes place continuously.

The height of the terrain is found to be a key factor for which species are
present: On low and moist areas dense willow (Salix alba) woods can be
found, as well as moist herbage and grasses. On higher and therefore dryer
areas sedimentation and germination occur more spread out, which creates a
more open landscape consisting of trees (mainly Populus nigra) of different
ages along with dry grasses and herbs. After about 20 years also hardwood
species (Fraxinus Langustifolia) can be found on the higher areas. Generally the
difference between moist and dry lies around 4 meters above low water level.

The situation at the Akhtuba River is different, because this River is less
dynamic: erosion rates are at most 2 m/yr. The sedimentation on the point bars
also occurs very gradually, only in the lower areas bare sand and pioneer
vegetation is found. This means there is less rejuvenation, which is confirmed
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by the smaller number of young trees among older ones. Very little moist
vegetation is found here. Grasses, herbs and P. nigra are very common, and
also hardwood (Fraxinus, Tamarix) is present on the higher places. Another
difference with the Zakrutsky area is that some areas are grazed. These areas
show a park-like landscape with older trees, very short grass and Xanthium, a
thorny herb.

In order to relate the dynamism of the two Russian rivers to the Waal River, a
comparison is made of their physical parameters, the vegetation that is present
and the management that is applied. The parameter comparison shows that the
dynamism of the Lower Volga River at the Zakrutsky bend is well comparable
to the dynamism of the Waal River in 1800. The morphological and vegetation
changes observed at Zakrutsky can not be applied to the present Waal River
however: As for the Waal River economy and safety are much more important
than nature, the river is not allowed to move freely, and woods are not allowed
to develop in order to warrant the flood conveyance capacity. Also the ‘Room
for the River’ concept does not solve this: The river is still very limited in its
dynamism, and therefore sedimentation rates and stream velocities are too low
to ensure natural rejuvenation
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1 Introduction

Fig:;r'e. e pa UL
The Volga River in Russia.

1.1 Background of research

After ages of raising the dikes and deepening the river to reduce flood risks in
the Netherlands, a new strategy seems promising: to give the river more space.
Besides improving safety measures to increase the flood conveyance capacity of
the river, like the excavation of side channels and floodplain widening and
lowering, will also provide an opportunity for ecological benefits. However,
sedimentation and vegetation growth during the years will reduce the extra
conveyance capacity, thus causing a safety risk.

Therefore this strategy is extended to the so-called ‘Cyclic Floodplain
Rejuvenation’ (CFR). This management strategy aims at a regular human -
unlike natural- removal of vegetation (softwoods) and sand excavation as a
compensation for channel

migration and
sedimentation, in order to
restore the safe

conveyance capacity. The
same processes occur in
natural rivers like the 1
Lower Volga River: if the Volga River
vegetation becomes too o~
dense or the floodplain to
small, the river will make
the room it needs.
Rejuvenation creates an
opportunity to start the
ecological succession once
again.

By studying the natural rejuvenation characteristics of rivers comparable to the
Waal River predictions can be made about rejuvenation and succession rates for
the Waal River itself can be made. However, it is very difficult to find rivers that
are both similar to the Waal River as well as in a still more or less natural and
dynamic state. A lot of research has been done on the Allier River in France but
this river is smaller, has a gravel bed and a steeper gradient. The Lower Volga
River and the Akhtuba River are chosen because their morphological
characteristics are at the other end of the spectrum: the Lower Volga River is
much bigger, its slope is smaller and its sand is finer. That makes the Allier River
and the Lower Volga River suitable as boundaries of how the Waal River might
develop.

1.2 About the project: earlier visits and reports

The project ‘Morphodynamics Lower Volga and Waal' started in 1999, as a
part of a joint ecology project of the Dutch RIZA, the Regional Centre for Study
and Conservation of Biodiversity and the Russian State Committees for Natural
Resources of Volgograd and Astrakhan Oblast. This resulted in an ecological
map of the Volga-Akhtuba floodplain. In this year also the first fieldwork took
place, a reconnaissance between Volgograd and Astrakhan. In 2001 the second
river-morphological fieldwork followed, carried out in co-operation with the
Physical Geography departments of Utrecht University and Moscow State
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University. This fieldwork concentrated on a smaller area and a smaller scale.
The most recent fieldwork was carried out in August 2002 with the same
parties as in 2001. In 2002 just one area in the Volga River was investigated,
but more elaborately, and also the Akhtuba River was studied.

The Russian-Dutch co-operation is a great opportunity for the Dutch
researchers to study a very interesting area in the presence of specialists that
know the area very well. For the Russian scientists and park management it
offers insight in other research methods and management practices, besides
providing valuable information about the area at very low cost, like for example
satellite images.

In the future similar research will continue, but in a different form and largely
without RIZA. More about this research, which is supported by NWO, can be
found in annex 4.

The series of project reports starts with an analysis of satellite images by Van de
Ven (2000). Second, the 1999 expedition is treated by Schoor and Middelkoop
(2007). In report no. 3 Shoubin and Babich (2001, Eds.) discussed the geology
and hydrodynamics of the floodplain.

An inventory of information available at Moscow State University was made
also by Van de Ven (2001) in the fourth report. Results of the 2001 fieldwork
can be found in the report of De Kramer (2001) and in the report the two UU-
students made (Cormont and Van der Sluis, in prep.). The sixth report contains
an analysis by Van de Ven (2002) of Volga-Akhtuba morphodynamics based
on Landsat images of several years.

1.3 About the report

This report is the final in a series of RIZA (Dutch Institute for Inland Water
Management and Wastewater Treatment) studies about the morphodynamics
of the Lower Volga River in Russia. These studies were carried out to learn
more about morphological and vegetation development and their mutual
influences. Such insight is necessary to predict changes and to support decisions
for a new form of river management in the Netherlands: a more natural river.
The Lower Volga River and its Akhtuba-branch are chosen as a reference case
because they are quite similar to Dutch rivers like the Waal River, and because
they are still very natural rivers. The complete RIZA research project includes
several forms of research, like satellite image analysis and several fieldworks.
Besides summarizing conclusions of the earlier studies, this report will also
describe the results of the last fieldwork in the Volga-Akhtuba floodplain, which
took place from August 26" until September 5™ 2002. The object of this
fieldwork was to gather more information about the morphological and
vegetation development of a point bar and the interaction between
morphology and ecology, both on a timescale of decades.

1.4 Contents

The objectives of the project and the methods used are treated in chapter 2.
The third chapter provides an overview of both Volga and Akhtuba, including
summarized results of the earlier studies. Chapter 4 contains the results of the
fieldwork of 2002 in the Volga River; chapter 5 interprets these results and
discusses the difficulties and errors in measuring and interpreting. The same
approach is followed for the Akhtuba River in chapters 6 and 7. Based on these
results, a comparison with other rivers is made in chapter 8. In chapter 9
conclusions are drawn, together with recommendations for further research in
both Russia and the Netherlands.
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2 Objectives and methods

This chapter starts with stating the overall project objectives and the goals for
the 2002 fieldwork, concerning both vegetation and morphology. After this,
the study area is treated. Desk study methods used for preparation and analysis
of measurements and the methods used in the field are discussed in the last
two paragraphs. The treatment of fieldwork methods is split into a Volga and
an Akhtuba part; though several methods are the same for both rivers, the
nature of research is a little different.

2.1 Project objectives

The aim of the project is to provide insight in:

e The natural coherence between morphodynamics and vegetation
succession;

e The rate at which succession of ecotopes is to be expected as a reaction on
morphological changes;

e The effect that vegetation and vegetation succession have on
morphodynamics of rivers, mainly on point bar growth, bank erosion and
sedimentation on the floodplain.

To attain these insights the following goals need to be achieved:

2.1.1 Morphology

e Quantification of morphodynamics: sedimentation and erosion rates of
point bars, scroll bars, banks and shoals;

e Derivation of a relationship between morphodynamics and river
parameters;

e Reconstruction of morphological developments of several river stretches,
using existing data and maps.

2.1.2 Vegetation
e Analysis of vegetation types, -ages and —succession, and their relationship
with morphology.

2.1.3 2002 Fieldwork goals

The goals for the 2002 fieldwork are:

* Quantification of short-term morpho- and vegetation dynamics;

e Obtaining additional information about tree ages;

e Investigating whether the Akhtuba River is suitable as a reference for
Dutch rivers;

e Using the Akhtuba River to scale down the Volga River results.

2.1.4 Additional research

Outside the scope of this project, but nevertheless interesting is the
complementary study about the influence of vegetation on scroll bar
development done by the student of Delft University of Technology. Besides
providing information about this influence, the study will also provide
information about the applicability of the numerical model used (Delft3D) for
this kind of research. A conceptual model of the Zakrutsky bend will be made.
The only additional fieldwork data necessary for this research is the density of
the vegetation. Results are expected in March 2003.
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An other activity that is to take place in the future is the NWO-project, of
which a description can be found in annex 4.

2.2 Choice of study area

The two specific research areas are chosen for different reasons. Foremost
criterion for both areas is the morphological and vegetation dynamism, which
can be observed from satellite images. The Zakrutsky / Bulgakov area at the
Volga River is chosen because it was studied once before (in 2001), so changes
can be observed and information can be complemented. Furthermore this area
Figure2-1 ‘
The Volga Akhtuba Floodplain,

Volgograd and the two research
areas.

Volgograd

Akhtuba research area

e

Leninsk

Volga research area

can be reached easily and camping facilities are close. The latter also
determined the selection of the Akhtuba-area near Veterok. Other criteria here
are the absence of human constructions (i.e. not too close to villages) and a
position upstream of Leninsk because downstream of Leninsk the river leaves
its bed during high water.

2.3 Desk study methods: maps and satellite images

Besides the literature mentioned in paragraph 1.2, the Landsat-images of the
years 1986, 1996, 1999 and 2000 are a very important source of information,
used for preparation and analysis of the fieldwork. However, they have two
important shortcomings: their pixel size is 30 by 30 meters —too large to see
details like a sharp waterline or relatively small groups of trees, they do not
provide information about the situation before 1986, and they have not been
georeferenced accurately, which for the Zakrutsky area results in a systematic
error of about 200 meters. The first two could not be solved, the last one was
solved by cutting the areas of interest out of the complete image, and giving
them new coordinates based on a visual fit of morphologically stable marks (the
right bank upstream of the point bar and the left bank downstream of it, close
to the sand banks) with GPS points. These corrected images can still have an
estimated error of less than one pixel (<15 meters) with respect to their actual
location. Therefore this is an important improvement, which makes it possible
to see and quantify morphological changes.
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Figﬁr.e.zl-.z ...........................
The boat used for transport and
mesasurements at the Volga River.

Older spatial information is only available in the form of navigational maps.
Because these are made for shipping they mainly display the navigational
channel; they do not provide very accurate dimensions of other entities like
banks, shallow water or landscape forms. Nevertheless they do show general
morphological changes because they span a rather long time: 1914, 1940,
1964, 1974 and 1981.

2.4 Fieldwork methods

2.4.1 Volga

Besides specific measuring equipment like a leveller and sounder, also more
general equipment like laptops, GPS-handhelds, field maps, photo cameras and
a boat are used. Apart from being
a form of transport, this boat also
functions as a measuring
platform. Unfortunately the ship's
draught of 1.4 meters made
measurements in the shallower
parts impossible. The field maps
were made on the basis of the
most recent low water satellite
image (2000), some of them were
equipped with data measured in
2001 (e.g. locations and ages of auged trees, levelling profiles) to provide
additional information.

Morphology

To measure the morphological changes in the area several methods are used:

e Mapping contour lines of medium-scale morphological entities like scroll
bars, edges and banks by walking along them while storing their
coordinates with a GPS. These contours can be compared to those of
earlier years using a GIS and satellite images.

e Levelling a profile that was levelled in 2001 as well, comparing both
profiles in Excel. The locations of the levelled points are stored in a GPS,
plus they can be calculated using the angles and distances measured.

e Levelling of two new profiles at places where this has not been done
earlier.

e Sounding the river bend from the boat with GPS-aid like in 2001, but now
for a more extended area with cross-sections every kilometre. This also can
be compared using a GIS.

Additional measurements that are made to get a better picture of the area:

e  Measuring outer bank height with a laser distance meter and a compass,
storing locations with a GPS.

e Measurement of flow velocity profiles in the river from the boat using Ott-
mills.

» Digging of a profile hole in a morphologically active area using a spade
and a trowel; interpretation of the sedimentation pattern.

e Checking whether the grain size throughout the area is more or less the
same using a set of standard samples (a sand ruler).

By comparing contours in a GIS and levelled profiles a quantification of

changes can be made. Some, like the waterline contours, can be compared

over several years, for others it is only possible to make a comparison between

2001 and 2002.

Vegetation

Point bar development and vegetation succession 5



Flgure23
Auging a tree.

Figure 24
Examples of sawed poplars.

The small craftused at the Akhtuba River.

The following activities are performed to study vegetation and its relation with

morphology:

e Auging/sawing and measuring the stem perimeter of a few dozens of
thick trees to determine their age. The locations of these trees are stored
using a GPS. The distribution of tree-ages over the area can be visualized
inaGIS.

e Administrating what species grow where in combination with
morphological entities, taking pictures and making sketches.

And for the modelling of the influence of vegetation on scroll bar

development:

¢ Mapping tree density: counting how many trees are on a certain area,
measuring their stem perimeter and height, estimating coverage and

height of smaller vegetation and locating this with a GPS.

= -

> o ¥

The age of the trees is determined by auging or (in case of young trees) sawing
them, and counting the year-rings of their stems, like the measurements done
in 2001. This gives a rather good idea of their age, but they can be one year
younger or a few years older. This inaccuracy is caused by differences is
measurement height, errors in counting or accidentally measuring the top of a
sanded-in tree. This is explained more elaborately in the report of Cormont and
Van der Sluis (2002), who also tried to find coherence between tree age and
perimeter.

After plotting the ages of the trees on a map of the area, this provides
information about the minimum age of certain parts of the area, and about
how long it takes for vegetation to develop on fresh ground. To date new
ground as far back as possible it is necessary to measure the oldest and
therefore thickest trees one can find in the area. Younger and very young trees
are indicative for more recent development.

2.4.2 Akhtuba

On the Akhtuba a small boat was
used for transport and soundings.
Since this area was not visited
before, it was not possible to
measure  changes.  Therefore
everything was aimed at making a
detailed description of the current
situation, and trying to reconstruct
what happened the past decades
on the basis of morphological and
vegetation characteristics.

Morphology

» Levelling of a number of profiles from waterline (or in the water) to the
floodplain limit, if possible.

» Sounding a part of the river from the boat with GPS like on the Volga but
with a smaller boat.

Point bar development and vegetation succession 6




e Walking around on the riverbanks: estimating and asking fishermen and
locals how things have changed (erosion rates, discharges).

e Measuring bank height like on the Volga, to see if the river is incising.

e Measuring morphological and/or vegetation contours with GPS.

Vegetation

e Making a detailed description with sketches and photos of two levelled
cross-sections.

e Auging and sawing more trees, like on the Volga.

Point bar development and vegetation succession 7



Point bar development and vegetation succession



3 The Volga-Akhtuba floodplain

This chapter summarizes the most relevant results of earlier reports and visits.
The first paragraph describes briefly the history of the project and what results
have been obtained when. The next paragraphs give an overview of the
geographical and hydrological situation in and around the Volga-Akhtuba
floodplain. These are followed by a description of morphological and
vegetation entities and changes on different scales. The land use and other
activities in the area are dealt with in the last paragraph. For a more elaborate
description of results and how they were obtained it is necessary to read the
specific report.

3.1 Geographical situation

The Volga River (figure 1-1) is a large river flowing through the Russian Plain,
which has its origin several hundreds of kilometres north of Moscow. The
northern part of its drainage basin consists of taiga and woods, the southern
part of steppe and (semi-)desert. The Volga River usually is divide in three
parts: the Upper Volga River from the source to the Rybinsk dam, the Middle
Volga River from the Rybinsk dam down to the confluence with the Kama
River, and the Lower Volga River that ranges from this confluence until the
Caspian Sea. The part of interest for the project is the southern part of the
Lower Volga River, downstream of Volgograd where the river is almost entirely
natural. The Lower Volga River upstream of Volgograd is merely a cascade of
reservoirs.

Figure 2-1 gives an idea of the position of the Lower Volga basin, the Lower
Volga River and his main side-branch the Akhtuba River, the Volga-Akhtuba
floodplain and important cities in the area. The length of the rivers between
Volgograd and Astrakhan is about 450 km. Downstream of Astrakhan the
Volga River flows out in a delta in the Caspian Sea.

Together, the Akhtuba and Volga Rivers create a 15 to 30 kilometre wide wet
zone in the otherwise dry steppe area. The upstream connection of the
Akhtuba River to the Volga River is situated just upstream of Volgograd, the
downstream connection is less clear because at high discharge the Akhtuba
River leaves its banks and at low discharge it has several connections to the
Volga River. The Akhtuba River has a meandering pattern; the Lower Volga
River shows both meandering and braiding characteristics.

At some places the right bank of the river erodes the cliffs of the steppe
situated 20 meters higher, at most places it erodes is own sediment deposits or
older low-lying soils (see the geological map of Babich, in prep.). At most
places the top layer of soil, which is several tens of meters thick, consists of
Caspian Sea deposits (clay, loam and fine sand). Therefore the sediment
transported by the river is very fine.

The climate in the area is continental: hot in summer (July-average in
Volgograd: 24,2 °C), cold in winter (January-average in Volgograd: -9,6 °C)
and dry (368 mm/yr). The warm period lasts from mid June until half
September; transitions occur quickly. In winter the river is covered with ice for
about three months, in summer the water temperature is 24-29 °C
(Mordukhai-Boltovski, 1979).
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Maximum discharges at Volgograd through
the years (from MSU/RIZA, 2002).

Figure 3-2

Monthly averaged discharges at Volgograd
for several years. The red lines (after dam
construction) show a more equal discharge
distribution than before dam construction
(blue lines). Aftervande Ven (2001).
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3.2.2 Akhtuba River

A striking feature of the Akhtuba River is that flow velocities during low
discharge are very low. On some places the water hardly seems to flow at all.
Hydrological data of 1962 from a station near Akhtubinsk indicate velocities
between 0.1 and 0.3 m/s with a discharge ranging from 10 to 30 m*/s at the
end of August. During high discharge (in May) these values are 0.56 m/s and
almost 900 m?/s. These low values are a result of the small riverbed slope (3-4
10) and the awkward upstream connection with the Volga River. More recent
data are not available, nor are data from closer to the research area.

3.3 Morphology

The morphology in the Lower Volga River has been studied in two ways: A
large-scale analysis using only satellite images and navigation maps for the
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Figure 3-3 The area of interest for large-sc.

Van de Ven (2002).

Figure 3-4 Changes in the Zakrutsky area between 1986 and 2000. Yellow indicates sedimentation, orange indicates erosion of sandbars, red
means erosion of river banks and green is overgrowth of sand bars (Van de Ven, 2002).

Figure 3-6

A sketch with several
morphological
phenomena, inspired

by the Zakrutsky area.

After De Kramer
(2001).
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Table 3-1

The erosion of the riverbed (in meters) for five
different areas along the Volga River. By Van
de Ven (2002).

Figure 3-5

Changes in the Akhtuba research area
between 1986 and 2000. The legend is similar
to figure 3-4. After Van de Ven (2002).

stretch between about 50 and 200 kilometres downstream from Volgograd
(figure 3-3), and a study of morphology on a much smaller scale (point bar
scale), based on field visits.

3.3.1 Large scale morphology

The river in the area shown by figure 3-3 is more dynamic than it is
downstream of this area: the downstream part is deeper and narrower, its
gradient is smaller and more sand banks are vegetated (Schoor and
Middelkoop, 2001, Van de Ven 2000). Van de Ven (2002) concluded the
following: The dominant morphological processes in the Volga River are the
downstream movement of river bends and the movement of sandbars.
Upstream of the Korshevity area (see figure 3-3) erosion of the riverbank is
more intense than in the downstream area. Movement of sandbars occurs in
the whole main channel of the Volga. Changes in the Akhtuba River occur at a
smaller scale. The Akhtuba River often shifts its whole riverbed. Both Akhtuba
and Volga show a correlaton between morphodynamics and turbidity;
morphodynamics of sandbars and riverbed are strongest developed in areas
where riverbanks are high and overbank flow is rare.
Results of this study are for example erosion rates of several areas along the
river (see table 3-1) and pictures showing erosion, sedimentation and
vegetation covering sandbars (figures 3-4 and 3-5).

Popovitsky area | Popovitsky area | Zakrutsky area | Korshevity area | Kameny area
1 2
1986-1996 |210 140 110 200 155
1996-1999 |65 25 20 70 50
1999-2000 |15 10 0 1 0
1986-2000 |320 220 140 235 240

The hydropower station near Volgograd and its dam (completed in 1959)
do have a big influence on morphological processes in the Lower Volga
and Akhtuba Rivers: sediment is stopped at the upstream side of the dam
and the discharge is regulated. It appears that both the Lower Volga River
and the Akhtuba River are incising because of the low sediment load just
below the dam, but this is not proven yet. Another possible effect of the
dam is the reduced discharge of the Akhtuba River.

3.3.2 Local scale morphology

Investigations on a smaller scale so far
are difficult to summarize. De Kramer
(2001) describes many examples of }
interaction between morphology and
vegetation on this scale. Figure 3-3
shows the three research areas of the
2001 fieldwork: the areas Popovitsky,

Zakrutsky and Korshevity. Figure 3-6 is a sketch inspired by the Zakrutsky area
that contains several local morphological elements.

3.4 Vegetation

The Volga-Akhtuba floodplain can be regarded as a kind of oasis in the steppe
and semi-arid zones around it. Over 300 species of flora are present in this
area, a number of them rare and endangered. The ecological map made by
RIZA (1999) gives an idea of what kind of ecotypes are present. Lists of species
present in the area can be found in De Kramer (2001) and Schoor &
Middelkoop (2001; list is in Dutch).

Point bar development and vegetation succession
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Figure 3-7 A typical cross-section of a point bar in the Volga
River with different vegetation stages on three locations.
After Schoor & Middelkoop 2001.
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For the project, research did not concentrate on the vegetation as such, but on
the relation between vegetation and morphology. Results of such studies are
the vegetation map in figure 4-10 and the point bar cross-section in figure 3-7.
These show different stages of vegetation succession on point bars, depending
on the morphological circumstances and age of the terrain. Similar descriptions
are made by De Kramer (2001) and Schoor & Middelkoop (2001).

3.5 Land and river use

The Lower Volga River still is quite natural because of the land use in the area:
a large part of the floodplain and surrounding area is a Nature Park, with very
limited land use. Industrial and residential areas are situated near Volgograd;
therefore bank protection in the Nature Park is not necessary. The Nature Park
area is not completely natural however, but also used for limited farming and
recreational activities, especially fishing. Because of these activities several
villages and roads exist within the Park. The human pressure on the area
probably will increase further after completion of a bridge that facilitates an
easy connection between Volgograd and the Nature Park on the other bank.
The Volga River is an important shipping route, but the amount of ships
passing is rather low. Moreover, the river in its natural state is deep enough for
most shipping, and dredging is too expensive. Besides its transport function,
the Volga River is also a very important source of water for irrigation of the
surrounding steppe area.

Besides influencing morphology, the dam and discharge regime also cause
ecological problems. The flooded area and the flood duration are smaller, which
has a negative effect on the reproduction of economically very important
sturgeons. Many fishermen are complaining.

The water quality of the Lower Volga River is quite good. Pollution by industry
or domestic wastewater is relatively low, also because of the large amount of
water with respect to the limited amount of people that live in the area.
Remarkable however is the number of plastic bottles and old fishing equipment
that can be found everywhere.
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4 Results Volga

This chapter presents the results obtained with the different fieldwork
methods: first a description of morphological changes, followed by the
results of the vegetation studies. The results ate interpreted and discussed
in the next chapter.

The position of the different morphological entities mentioned in this and
following chapters are indicated in figure 4-1 below. An explication of
ecological and morphological terms used in this and following chapters can be
found in annex 6.

Figure 4-1 Former

Areas and entities. island
Scroll bar

Y Downstream sand bar
Point bar

Main
channel

Chute bar

High water channel Steep edges High water channel 1km
(upstream part) (downstream part)

4.1 Morphological activity, migration rates

The four most important fieldwork activities for morphology are: contour
mapping, bathymetry sounding, levelling and studying very local phenomena.
The results of all four methods will be presented here; the interpretation is done
in the next chapter about Zakrutsky's development..

4.1.1 Contours and soundings

Figure 4-2 gives the best idea of what contours are mapped. The most

important ones are:

e The edge of the outer bank (horizontal distance to the waterline differs
about 3 to 12 meters); red dots.

e The waterline of the scroll bar, chute bar and west part of the point bar;
light blue, grey-blue and purple dots.

e (Erosive) edges of the high water channel and on the west of the point
bar; light blue dots.

e Waterlines in the high water channel; light blue dots.

Figure 4-2

Countours and depth points
measured in 2002 on the
2000 Landsat image.
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Table 4-1: Description of changes for the years 1986, 1996, 2000 and 2002.

Year | No.| Size |Change or Remark
(m) movement (m)
compared to
2002
1986 |1 2225 No scroll bar present in 1986, but connection of scroll to island is clear. A
small possible start of it however is visible (wet sand).

2 - 312 No scroll bar present in 1986.

3 875 [-313 The nav. maps of 1964 and 1981* both show this width is about 700m, on
the 1974 map it is 800m. There are two locations with this width: at the toe
of the current scroll bar (the twist on the 1986 image) and near the east of the
point bar.

4 |300 |300 According to the nav. maps of 1964 and 1981 this is about 445m (outer bank
was drawn at same location).

5 |na [na No chute bar presentin 1986, a starting point cannot be defined.

6 125 |75 Itis a lot smaller than on the 1964 map, newer maps do not show a channel.

7 |500 [500 A lot of wet sand, comparison with earlier years is not possible.

8 |2960 |2960 Upstream movement with respect to estimated centre of 2002.

9 |340 |na About 1/3 of channel width. Change cannot be measured; 2002 width is
unknown.

1996 |1 1350 | 875 Scroll clearly visible; quite large angle with main channel.

2 450 -138 Wide and short.

3 |500 |e2 Scroll fills a large part of the channel. Narrowest cross-section is now clear, it
has or not significantly moved, or it shifted 2375m.

4 150 | 150 Maximum erosion about 100m upstream of narrowest section, more
downstream than in 1986.

5 |500 |500 East part of high water channel is almost completely filled with sand.

6 175 |25 Much wider than in 1986, seems to be eroded on both sides.

7 |200 |200 Waterline is more definite, clear shift upstream.

8 [1240 |1240 Upstream movement with respect to estimated centre of 2002.

9 390 [na About 173 of channel width. Change cannot be measured; 2002 width is
unknown.

2000 |1 1850 | 375 Scroll becomes longer.

2 |350 |-38 Scroll gets thinner and slowly shifts from main channel to inner bank.

3 |52 |37 Channel becomes gradually wider; narrowest cross-section has moved about
625m downstream.

4 (50 50 Point of maximum erosion difficult to determine but close to narrowest cross-
section.

5 [250 |250 Clearly a chute bar has formed.

6 175 |25 Little change since 1996, a small beach has formed just upstream.

7 |0 0 Erosion until 2002 contours.

8 (440 |440 Upstream movement with respect to estimated centre of 2002, partly
vegetated.

9 (300 Less than 1/3 of channel width. Change cannot be measured; 2002 width is
unknown.

2002 |1 2225 | n.a. Scroll grows longer.

2 (312 n.a. Scroll gets thinner and slowly shifts from main channel to inner bank; channel
behind it becomes smaller.

3 [562 |[n.a. Channel becomes gradually wider.

7 (200 |[n.a. Right bank could not be measured in 2002; position of 2000 is used.

9 1280 |n.a. Estimated from soundings

* See also the discussion of the accuracy of the navigational maps in paragraph 5.3.

Table 4-2: Change and movement rates with respect to 2002.

Change- or movement rate (m/yr) with respect to 2002
No. | Entity Description 1986 1996 2000
1 Scroll bar length From fixed GPS point to 139 146 188
tip
2 [ Scroll bar width Widest 20 -23 -19
3 Smallest channel width Perpendicular to stream -20 10 19
direction
4 | Maximum outer bank Perpendicular to 19 25 25
erosion waterline
5 Position of chute bar From fixed GPS point in 83 125
(growth) stream direction
6 | High water channel width | Fixed location 5 4 13
7 Position of upstream side | From fixed GPS point in 31 33 0
(erosion) stream direction
8 Position of upstream bank | Of estimated centre of 185 207 220
gravity




These contours are plotted on the images of 1986 (September 7™), 1996 (June
14™), 2000 (August 20") and 2001 (May 19™:flood) to make comparison
possible. These images can be found in annex 1. The quality of those printed
images is rather poor, but they are just meant to give an idea of changes; for
analysis better quality images were used. Also interesting to see is the result of
the satellite image analysis by Van de Ven (2002), included as figure 3-4 in this
report.

Figurevthl-.B. ..............
Arrows indicating measured
changes on the 1996 satllite image

Explanation of the tables:

Size (m) simply shows the dimension of an entity in a certain year. The
change or movement (m) of an entity is determined by comparing the
dimensions or location of an entity in the year of interest with those in
2002. The movement rate (m/yr) is calculated by dividing this value by the
number of years between the year of interest and 2002. For entities that
do not move but do deform, the value in this column means the rate of
change (m/yr) of the measured dimension.

The year 2002 is chosen as the reference year because then all movement
rates are in the same direction (towards the 2002 situation). Choosing
1986 for as the reference would give the same advantage, but then not al
morphological entities are present yet, so a starting point is missing.
Besides, for this year no fixed GPS points are available to use as a basis for
changes.

High water images are not analysed this way because they do not
show the features used here. Also the image of 1999 is not used; the
differences with the 2000 images are very small and the image does do
not show anything that would not be expected between 1996 and
2000.

Though changes and dimensions are given in meters, this is a fake
accuracy since the satellite images have an accuracy of no better than 30
meters. A better accuracy however can be achieved by estimating what is
in the pixel itself, and of course rates have a better accuracy since they
reflect changes over several years.

The remarks explain difficult