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Abstract: The article concerns the study of the influence of river reservoirs of Belarus on the evolution of  river channels in their downstream 
pools. On the basis of  observational data from the Republican Hydrometeorological Center of the Republic of Belarus (RHMC), as well as 
own field observations a quantitative evaluation of the change of the main channel formation factors, the direction, horizontal and vertical 
parameters of deformation of the riverbeds below dams has been performed.  Changes in the type of channel processes for the regulated 
parts of rivers have also been assessed. It has been found that the investigated reservoirs accumulate up to 65% of the sediment transported 
by the river in a suspended state. Restoration of the water turbidity to values close to the natural regime occurs at a distance of 20 km 
downstream from a dam of small reservoirs, and up to 50 km downstream from a dam in the case of medium-sized reservoirs. The degree of 
the riverbed deformations downstream from a reservoir is defined by the geological and lithologic structure of the channel bottom deposits. 
If there are easily washed sand deposits at the bottom, then the dominant process is deep erosion. If sediments are more heterogenic with 
increased admixture of gravel-pebble material the development of directed deep erosion is reduced. The change of the existing type of 
channel processes of regulated rivers is due to the imbalance between the main factors of channel formation in the initial period of the 
operation of new water-engineering systems (5–7 years). The observed changes are typical of rivers with sandy riverbed.
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Introduction

The design of various hydraulic structures on rivers 
requires taking into account the direction of the chan-
nel, its possible adjustments and specific manifestations 
in different conditions, while the work of transport, 
bridges, inverted siphons, oil and gas pipelines across 
the river, water intake operation and so on depend on 
the nature and intensity of channel deformations. Cur-
rently, methods for predicting deformations of the riv-
erbed in the same type of channel processes are well-
developed (Chalov 1979). At the same time the forecast 
of possible changes in channel processes dependent on 
changes in the channel from factors, including those 
under the influence of hydraulic engineering, remains 
an actual, still not completely solved problem (Fu et 
al. 2008; Hupp et al. 2009; Parzonka and Kosierb 2010; 
Sanford 2007; Schmidt and Wilcock  2008). Forecasting 
the process dynamics in rivers in downstream pools is 
complicated by the natural conditions of the area where 
the reservoirs are created, which is reflected in the char-

acter of channel deformation. The most optimal solu-
tion to this problem is the creation of regional forecast-
ing techniques, based on the results of comprehensive 
field observations, as close as possible to the conditions 
of the future reservoirs. Unfortunately, although these 
regional generalizations are made for a limited num-
ber of regions of the world, they are absent in Belarus. 
Taking into account the approved program of the de-
velopment of small hydro power in the coming years, 
one can say with confidence that the demand for sci-
ence-based information on channel deformations for 
regulated parts of  rivers will increase. Altogether, this 
indicates the need for further research in this area and 
determines their relevance.

Study area and methods

The impact of reservoirs on the environment is to 
a great extent determined by their size (area, volume) 
and by the nature of the river regulation (Avakian 
1999). According to the accepted gradation (Shirokov 
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and Lopukh 1991), on the territory of Belarus there are 
three groups of reservoirs that interact differently with 
the environment: very small (volume less than 0.001 
km3, surface area less than 3 km2), small (volume 0.01–
0.1 km3, surface area 3–25 km2) and medium (volume 
0.1–0.5  km3, surface area 25–100 km2). On this basis, 
one reservoir from each group has been selected for 
the research, the Rachuny, Salihorsk and Vileyka reser-
voirs, respectively (Table 1, Fig. 1).

These reservoirs were chosen due to the number of 
stationary observations of hydrological characteristics 
regulated, in both the upper and lower pond, carried 
out by the Republican Hydrometeorological Center of 
the Republic of Belarus (RHMC).

The study of channel deformation was based on the 
hydro morphological analysis of the channel processes, 
on cartographic and hydrological materials, as well as 
on the basis of personal field observations, conducted 
in accordance with the recommendations (Popov and 
Usachev 1981).

During the research it was required to determine 
the direction of changes and the parameters of the 
main channel-forming factors, which include the water 
regime, the sediment load and features of the geological 

structure of the bottom of the river valley. Other factors 
are of minor importance in the majority of cases and 
influence the mainstream through its influence on the 
main factors.

Results and discussion

Change in the solid runoff under the influence of 
regulation

A detailed assessment of changes in the water regime 
of regulated rivers is presented by Kirvel and Kukshinov 
(2012). At the same time, artificial reservoirs not only 
regulate the water flow, but also fundamentally alter the 
sediment load. The analysis of the source material of the 
RHMC has shown that there are few observation posts 
for sediment runoff of the rivers in Belarus, and their 
ranks are short. Only at the water post of the River Vil-
iya (town Vileyka) were observations of the suspended 
sediment for the period before (years 1959–1969) and 
after the creation of the Vileyka Reservoir (years 1983–
2015) made. Under these circumstances, a quantitative 
evaluation of the changes of the suspended sediment of 
the River Viliya was obtained after the regulation of its 
flow, taking into consideration water discharge (Q) and 
suspended sediment load (SSL) (Fig. 2).

The nature of the existing linkage between monthly 
averages of SSL and Q is different for periods of high 
and low water. During the flooding period the interre-
lationship is non-linear, due to the mismatch between 
the discrepancy in the time of the water flow change in 
the river and the sediment discharge.

Using regression equations, which mathematically 
describe the interrelationship between these two varia-
bles, and the monthly average values of water discharge 
for the period of 1983–2015 the corresponding loads 
of suspended sediments, which the river should have 
carried in unchanged natural conditions, were deter-
mined. The comparison of the obtained values with the 
actual data for this period (changed conditions) reflects 
the degree of the influence of the reservoir on the ex-
penditure of suspended sediments in the river after the 
regulation of its flow (Table 2).

On the basis of the calculations it has been indicated 
that the Vileyka Reservoir accumulates about 65% of 

Table 1. Characteristics of the experimental reservoirs

Reservoir
(River)

Type of 
regulation

Surface 
area [km2]

Volume [hm3] Max. depth 
[km]

Max. width 
[km] Length [km] Flushing 

rate [yr–1] Complete
nominal active

Vileyka
(Viliya)

Incomplete
long-term 63.8 238.0 215.0 13.0 3.0 27.0 4.15 1975/1976

Salihorsk
(Sluch) Seasonal 23.1 55.9 38.1 4.5 1.9 24.0 7.58 1967

Rachuny
(Ashmyanka) Daily 1.5 2.29 1.21 4.7 0.8 5.5 152 1958/1959

Fig. 1. Distribution of reservoirs on the territory of Belarus. Studied 
reservoirs are marked with Arabic numerals: 1 – Vileyka; 2 – Sali-
horsk; 3 – Rachuny
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the average annual sediment load transported by the 
river in a suspended state and the entire flow drawn 
by the sediment. The correlation of the discharge and 
the suspended sediment load is defined by the physical 
and geographical conditions, as well as by the hydraulic 
characteristics of the flow. Therefore, in each case, this 
value will be different. For lowland rivers the sediment 
runoff is on average 10–15% of the total sediment load 
(Karaushev 1977). Within the territory of Belarus the 
sediment runoff observations, unfortunately, are not 
kept, which does not permit a more precise quantifica-
tion of this part of the sediment. One of the reasons 
for this is the lack of sufficiently reliable instruments 

and methods of measurement of the drawn sediment. 
The experimental studies of several authors have shown 
that the transport of the drawn sediment is distributed 
unevenly through the flow section of the stream and 
is pulsating in nature, so that errors can reach 800% 
(Pozdniakov and Romanovsky 1983; Sidorchuk 1992). 
The method for determining sediment yield on the 
movement of the bottom ridges also has low accuracy 
on account of the absence of transit deposits.

The maximum sediment retention capacity of the 
reservoirs in relation to the suspended sediment run-
off (more than 80%) is set for the period of high water, 
characterized by the highest turbidity of the water in 

Table 2. Effect of the Vileyka Reservoir on the suspended sediment loads in River Viliya downstream of the reservoir (post Vileyka). Calcula-
tions were made for the period of 1983–2015

Month Regression
equation

Average load [kg s–1] Difference
Changed conditions Natural conditions Absolute [kg s–1] Relative [%]

January R = 0.0205Q-0.19 0.19 0.43 –0.24 –55.8
February R = 0.0205Q-0.19 0.14 0.43 –0.29 –67.4
March R = 0.0001Q 2.484 0.37 1.40 –1.03 –73.6
April R = 0.0001Q 2.484 0.58 3.16 –2.58 –81.6
May R = 0.0001Q 2.484 0.25 0.45 –0.20 –44.5
June R = 0.0205Q-0.19 0.20 0.37 –0.17 –45.9
July R = 0.0205Q-0.19 0.25 0.32 –0.07 –21.8
August R = 0.0205Q-0.19 0.20 0.20 0.00 0.0
September R = 0.0205Q-0.19 0.15 0.18 –0.03 –16.7
October R = 0.0205Q-0.19 0.22 0.28 –0.06 –21.4
November R = 0.0205Q-0.19 0.19 0.30 –0.11 –36.7
December R = 0.0205Q-0.19 0.13 0.38 –0.25 –65.8
Average year – 0.24 0.66 –0.42 –63.6

Fig 2. Relationship between the monthly averages of the suspended sediment load (SSL) and water discharge (Q) in River Viliya (town 
Vileyka) in the years 1959–1962 calculated for the period of high water (March–May) – plate A, and for the period of low water (June–Feb-
ruary) – plate B
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the river. This is due, on one hand, to the accumulation 
of a large reservoir of water flow in the river during the 
period of high water, and consequently, due to the sedi-
ment contained in the volume of water; on the other 
hand – it is determined by the change in particle size 
distribution of the suspended sediment during the year. 
Thus, in the period of high water when the river flow is 
enhanced by large amounts of water from watersheds 
and river bed erosion is activated,  the particle size dis-
tribution of the suspended sediment transported by 
the river is enlarged. As the result of the overpressure 
caused by the reservoir, most of the particles fall out of 
the flow and the downstream receives only the small-
est fraction, as proved by the data in Table 3. A similar 
situation was observed in the ponds of Belarus (Kirvel 
2005).

As the flow moves downstream the amount of the 
transported sediments increases until their value cor-
responds to its conveying capacity. The calculations 
made according to the formula proposed by Karaushev 
(1976) have shown that the saturation of the flow with 
the sediment downstream of the studied reservoirs 
should be held on a river section the length of which 
ranges from 1.0 to 1.5 km. At the same time during the 
field studies it has been revealed that the natural tur-
bidity of water returns to normal only at the distance 
from about 20 to 50 kilometers below the alignment of 
the dam (Table 4).

This marked discrepancy is explained by the lack of 
sediment supply  downstream from the overlying land, 
resulting in the fact that the zone of flow saturation with 
sediment gradually moves down the river and reaches 
the values specified in Table 4. This is confirmed by 
studies conducted downstream of the large reservoirs 
of Russia. Thus, according to Makkaveev (1957), in the 
first years after the establishment of the Rybinsk water-
works the turbidity flow was restored to  natural val-
ues at a distance of about 2 km, and 6–7 years later at 
the distance of more than 20 km. Similar changes have 
been recorded in  Bukhtarma, Tsimlyansk, Novosibirsk, 
Otkaznoye, Włocławek and a number of other reser-
voirs (Vostriakova et al. 1975; Babiński 2002).

Thus, downstream of the studied reservoirs, along 
with changes in the water regime of the rivers. a sedi-
ment load reduction has been noted as a result of their 
accumulation in the reservoir. These changes have re-
sulted in a new flow and river bed ratio, causing regular 
horizontal and vertical deformations of the riverbed 
downstream of the reservoirs.

Vertical deformation of the river channels 
downstream of the reservoirs

The restoration of the natural flow of the turbidity 
downstream of the dam is accompanied by the signifi-
cant vertical deformation of the riverbed, which is con-
ventionally divided into local deformation and general 
transformation. Local deformations are manifested in 
the form of riverbed erosion at the foreground of the 

Table 3. Granulometric composition of the suspended sediments upstream (above) and downstream of (below) the studied reservoirs. Val-
ues are given as a percentage of total weight

Reservoir (date) Sampling point
Relative weight in grain size classes (diameters in mm)

1–0.5 0.5–0.2 0.2–0.1 0.1–0.05 0.05–0.01 0.01–0.005 0.005–0.001 <0.001
Vileyka (15 APR 2015) above 2.6 7.9 17.6 19.6 23.1 11.1 11.1 7.0

350 m below – 0.2 9.1 22.8 24.0 15.2 16.8 11.9
Vileyka (16 AUG 2017) above 0.2 4.8 8.1 20.6 21.4 18.6 16.2 10.1

350 m below – 0.5 3.3 20.0 24.5 21.2 19.0 11.5
Vileyka (20 OCT 2015) above 0.4 4.6 5.1 16.9 22.2 24.4 16.0 10.4

350 m below – 0.4 3.5 19.9 22.1 22.4 17.9 13.8
Salihorsk (21 AUG 2015) below – 0.5 7.6 20.5 25.3 19.3 15.8 11.0
Rachuny (07 SEP 2015) below – 0.4 10.3 22.2 28.2 16.2 12.6 10.1

Table 4. Distribution of the turbidity upstream (above) and down-
stream of (below) the studied reservoirs

Reservoir Date Sampling point Turbidity 
[mg dm–3]

Vileyka 15 APR 2015 above the reservoir 20.2
below (at the spillway) 4.6

25 JUN 2015 above the reservoir 11.8
below (at the spillway) 3.9
below (at the distance of 
10 km)

10.1

below (at the distance of 
50 km)

12.6

02 AUG 2015 above the reservoir 11.2
below (at the spillway) 11.3

20 OCT 2015 above the reservoir 8.9
below (at the spillway) 5.1

16 AUG 2017 above the reservoir 9.9
below (at the spillway) 9.9

Salihorsk 18 JAN 2016 above the reservoir 4.7
below (at the spillway) 3.3

20 JUL 2016 above the reservoir 6.1
below (at the spillway) 5.7

Rachuny 20 JUN 2014 above the reservoir 6.4
below (at the spillway) 5.9
below (at the distance of 
20 km)

6.2



51Channel formation in rivers downstream of water reservoirs

dam in the first years of the operation of the reservoirs, 
thus forming the so called erosion funnels. A survey of 
riverbed morphology just below dams has revealed sig-
nificant local bottom deformations (Table 5).

The main cause of the local erosion of a channel 
is the significant increase in flow velocity and turbu-
lence due to local concentration of the flow kinetic en-
ergy and its incomplete quenching. The research results 
showed that the speed of water flow directly below the 
spillway of the studied reservoirs reaches 2.5–4.1 m s–1.

Gradually, washout of the sediments at this site de-
clines (partially because of the expansion of the chan-
nel’s capacity) and moves down the river, forming an 
area of total erosion. Since the increased flow veloci-
ties are extinguished mostly in the erosion funnels (as 
evidenced by the data in Table 6), thus the shaping of 
the common erosion area occurs mainly due to the lack 
of sediment supply from the underlying portion of the 
riverbed.

An integral indicator of the intensity of channel de-
formations is its general stability, which is defined by 
the ratio of the channel-shaping sediment size to the 
flow speed. This condition is related to the mobility of 
the channel-shaping sediments, and hence the degree 
of its deformation.  Downstream of the studied reser-
voirs sediments are dominated by medium and coarse 
sand fractions with some admixture of pebble and grav-
el (Table 7).

Further down the river there is a general tendency 
for reducing  the sediment size. Thus, the diameter of 
the sediment fine particles (d10%) near the dam of the 
Vileyka Reservoir is 0.35 mm, while at a distance of 50 
km – 0.12 mm (Fig. 3). The value of the average sedi-
ment grain size (d50%) along the length downstream of 
the reservoir was also less, from 0.62 to 0.45 mm. Large 
particle diameter (d90%) near the dam is close to 1.3 
mm, and after 50 km this falls to 0.7 mm.

Thus, the composition of the sediments below the 
dam complies with its weight and the flow velocity. 
The fines are washed away gradually and entrained by 
the flow, which leads to the sediments coarsening and 
forms the blind area. However, as Mirckhulava (1967) 
indicates, formation of such areas is not typical for the 
sandy sediments, since the entire size range of these 
sediments has almost the same erosion velocity. As a re-
sult, the equilibrium state of the sandy beds is achieved 
by the reducing the free surface slopes to the maximum 
stability and by the changing of the shape of the channel 
cross-section.

Estimation of the direction and size of channel high-
water deformations downstream of the reservoirs was 
carried out by tracing the combined cross-channel side 
views at gauging stations located downstream of the 
reservoirs: River Viliya – post Vileyka, River Sluch – 
post Starobin, River Ashmyanka – post Yatsyny. Mate-
rials of depth measurements related to the dates of the 
channel-shaping expenditures have allowed the process 
of channel erosion to be highlighted over a long-time 
period.

Table 5. Morphometric characteristic of the erosion funnels (pools) 
cuted downstream of the studied reservoirs. Values are given in me-
ters

Reservoir Width Length Maximum 
depth

Vileyka 100 120 4.8
Salihorsk 80 100 4.5
Rachuny 50 60 3.0

Table 6. Flow velocity in the channels downstream of the studied 
reservoirs (m s–1)

Reservoir (date)
Distance from the dam [in meters]
5–10 200–250 1600–1800

Vileyka (01 JUL 2015) 3.5–4.1 0.65–0.70 0.48–0.55
0.36–0.40 0.28–0.36

Salihorsk (04 JUL 2015) 2.8–3.4 0.46–0.55 0.25–0.28
0.30–0.36 0.15–0.18

Rachuny (07 JUL 2015) 2.5–3.3 0.48–0.56
–

0.31–0.36

Note: Numerator presents superficial water flow velocity, and denominator 
contains near bottom water flow velocity.

Table 7. Grading of the sediments upstream and downstream of the studied reservoirs

Reservoir Place of sampling
Relative weight in grain size classes (diameters in mm)

Soil type
>10 10–5 5–2 2–1 1–0.5 0.5–0.2 0.2–0.1 0.1–0.05 <0.5

Vileyka above reservoir – 0.3 2.3 5.5 13.2 52.1 18.0 6.0 2.6 medium sand
350 m below reservoir 0.8 3.6 5.3 4.7 61.9 15.8 4.5 2.4 1.0 coarse sand
10 km below reservoir – 0.1 0.8 3.2 20.2 48.4 15.8 8.6 2.9 medium sand
50 km below reservoir – 0.2 1.5 3.6 12.4 49.2 23.2 5.0 4.9 medium sand

Salihorsk above reservoir – – 0.1 2.5 12.0 53.0 21.7 7.5 3.2 medium sand
350 m below reservoir – 1.4 4.2 6.8 31.2 36.3 9.4 8.6 2.1 coarse sand

Rachuny above reservoir 0.1 2.3 3.5 9.2 13.5 56.6 12.0 1.8 1.0 medium sand
350 m below reservoir 23.6 11.2 11.6 13.3 25.3 12.2 1.3 1.0 0.5 semi–gravel sand
15 km below reservoir 8.3 10.9 12.1 14.0 23.2 14.6 5.4 7.9 3.6 semi–gravel sand

Note: Above the reservoirs river soil samples were collected above the backwater zone of the underlying reservoir.
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Until the regulation of the flow of the River Viliya 
the vertical deformations of the channel in the area of 
Vileyka town, located at the distance of 4.2 kilometers 
below the dam, were significant during the year and 
reached 1.5 meters. After the creation of the reservoir 
they substantially reduced, due to the decrease in the 
amount of channel-forming sediment, completely cap-
tured by the reservoir. Slight deformations of the bot-

tom of the channel (up to 30 cm) are associated with the 
ridge-movement of the sediment formed on the section 
of the river from the dam to the relevant gauging sta-
tion.

As demonstrated in Figure 4, from 1979 to 1985 
there was a slight increase in the elevation of the bottom 
of the river bed in the area of the water post Vileyka, 
caused by the displacement of the sediment accumula-
tion zone here, formed during the active reconfigura-
tion of the channel.

In the following years, owing to the gradual removal 
of the sediment down the river and due to the thrust-
ing of the common areas of erosion here, there was a 
marked gradual reduction of the absolute elevation 
of the bottom of the bed in the area of the post. Over 
the years 1991–2012 the depth of the channel did not 
change, which indicates the relative stabilization of the 
deep erosion, which set in 16 years after the commis-
sioning of the Vileyka Reservoir. The study allowed the 
speed of the displacement of the total area of erosion 
downstream of the Vileyka Reservoir to be estimated, 
which (taking into account the distance travelled 4.2 
km, and the time spent on this – 16 years) was about 
250 meters per year. At the same time, the front area 
of the general erosion moves at the speed of about 420 
meters per year. This is significantly lower than down-
stream of the larger reservoirs of Russia. Thus, the 
displacement rate of the  the deep erosion zone below 
the Gorky water-engineering system was 6–7 km yr–1, 
below the Rybinsk water-engineering system – 15 km 

Fig 3. Cumulative curves of grain size distribution in bottom sediments of the River Viliya downstream of the Vileyka Reservoir

Fig. 4. Long-term changes in cross-section of the River Viliya at 
Viliya survey post (according to RHMC data)
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yr–1, and below the Tsimlyansk water-engineering sys-
tem – 10–12 km yr–1 (Berkovich 2003). The speed of 
the erosion front below the Wloclawek dam is on av-
erage approximately 1.1 km per year (Babinski 2002).
This difference in the overall movement speed of the 
common area of erosion can be explained by local hy-
draulic conditions of the flow, as well as by the size of 
the sediment distribution. At the same time, it is not 
possible to discuss the final formation of the riverbed 
downstream of the Vileyka Reservoir because, accord-

ing to Makkaveev’s and Chalov’s data, the final forma-
tion of the longitudinal profile in the plain rivers will 
only appear 80–100 years after the commissioning of 
the reservoir (Makkaveev 1957; Chalov 1979). At the 
same time the final stage of the interaction between the 
stream and the bed is the form in which the flow erosive 
energy and the resistance of the soil particles to the ero-
sion are balanced.

To determine the absolute value of the erosion of the 
channel bottom  the method of comparing the rating 
curves for the periods before and after the creation of 
the reservoir was applied (Fig. 5). The graph shows a 
downward trend in the water level of the River Viliya 
after the regulation of its flow by the reservoir due to 
the erosion of the riverbed. The decrease of the bottom 
elevation of the river at the maximum depth over a long 
period is estimated at 0.4 meters.

Downstream of the Salhorsk Reservoir the previ-
ously discussed changes in the main factors of  chan-
nel formation have not significantly affected the nature 
of the vertical deformations of the channel below the 
erosion zone. Apparently, here the natural low turbid-
ity of the River Sluch plays an important role (up to 25 
mg dm–3) as does the significant reduction in the run-
off due to its selection by the Belarusian potash plant 
for its production needs, alhough it is necessary to note 
that downstream of the Salihorsk Reservoir dredging 
and the straightening of the channel bottom has been 
carried out which could have affected the nature of the 
channel deformations. It is not possible to estimate this 

Fig 5. Rating curves of River Viliya at Vileyka post over the periods 
before (dotted line) and after (solid line) the creation of the Vileyka 
Reservoir

Fig. 6. Cumulative curves of grain size distribution in bottom sediments of the River Ashmyanka above and downstream of the Rachuny 
Reservoir
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due to a lack of relevant observations. On the section 
of the river below the dam of the Salihorsk Reservoir 
(as well as downstream of the Vileyka Reservoir)  the 
sorting of the sediment has been noted. Thus, the di-
ameter of the large particles d90% above the reservoir 
is 0.65 mm which increases up to 1.2 mm below the 
reservoir. The value of  medium size sediments (d50%) 
is increases from 0.4 mm – upstream, up to 0.45 mm 
– downstream. The diameters of the small fraction fine 
particles (d10%) above and below the reservoir are ap-
proximately equal, about 0.1 mm.

The downstream part of the Rachuny Reservoir is 
characterized by the formation at the bottom of the 
blind area of coarse gravel-pebble material, which con-
tributes to its stability even in a sharp reduction of sedi-
ment load. Thus, upstream of the reservoir the diameter 
of the small fraction fine particles (d10%) is 0.35 mm, 
while below the dam 0.45 mm. The value of the medium 
coarse sediment (d50%) increases from 0.51 mm – above 
the reservoir, to 1.0 mm downstream. The diameter of 
the large particles (d90%) above the reservoir is 1.55 mm, 
while below the dam it exceeds 10.0 mm (Fig. 6).

A reconnaissance survey downstream of the Ra-
chuny Reservoir has shown that the River Ashmy-
anka along its whole length right up to the mouth has 
reached the basal horizon –  the layer of large deposits, 
limiting the deep washouts. For these reasons the active 
deep erosion downstream of the reservoir is not typical. 
Much of the river bank is  hard rock, which the river 
washed away in an earlier historical period. As a re-
sult there are no planar deformations. In places, where 
the river banks are folded by the easily eroded alluvial 
deposits, there is a planar deformation of the channel. 
Displacement of the concave edge of the shore by  Giri 
village (15 km below the dam) over the period of high 
water of the year 2004 (average water year) was 2.5 me-
ters, at the same time there was practically no change in 
the value of the bottom level . Thus, the development of 
the directed vertical deformations of the river channels 
downstream of the reservoirs will be qualitatively dif-
ferent depending on whether this process is accompa-
nied by the formation of the blind area or not.

Planar deformations of the riverbeds downstream of 
the reservoirs

To estimate the planar deformations of the riverbeds 
below the dam of the reservoir the authors have restored 
the observation network over the channel processes of 
the River Viliya, which was established by the RHMC 
in 1978. The river section of detailed observations, the 
length of which is 920 m, was situated downstream of 
the Vileyka Reservoir at the distance of 1.85 km from 
the dam and embraces a developed river bend (Table 8).

Until the regulation of the flow of the River Vilia  
the area of the detailed observations had been devel-
oping by the type of free meandering. The planar de-
formations of the channel were significant and reached 
1.5–3.0 meters annually. The comparison of the channel 
position as of 1979 with its current position has made 
it possible to estimate the size and the nature of the pla-
nar deformations and the type of change of the channel 
processes of the River Viliya over the 37-year period of 
exploitation of the water-engineering system. The field-
work was conducted along 6 transects using diameters, 
fixed on the ground with benchmarks (Table 9).

The analysis of the results of the work performed 
has shown that the maximum channel deformations 
are typical for the concave banks and on average, for 
a period after regulation, are about 1 meter per year. 
Generally, in the area of the observation the amount 
of erosion is more than the amount of alluvium, which 
is the result of the river bed transformation due to the 
changing hydraulic conditions (Table 10).

At the present time planar deformations are poorly 
retraced even over the period of five years (Table 11). It 
has been noted that the erosion of the concave bank is 
observed only in the period of water release from the 
reservoir, when the flow speed reaches 1.7–1.9 m s–1. 

Table 8. Characteristics of the river bend at the section of detailed 
observations of channel processes (River Viliya example)

Characteristics Year 1978 Year 2000 Year 2015
Displacement [m] 375 330 329
Length of the bend [m] 530 610 612
Sinuosity index 1.41 1.84 1.86
Inlet angle [degrees] 38 52 52
Outlet angle [degrees] 92 126 127
Angle of turn [degrees] 130 178 179

Table 9. Planar deformations of the River Viliya channel (in meters) 
over the period 1978–2015

Transect Left bank Right bank
1 +38.3 –36.5
2 +49.7 –46.5
3 –37.8 +3.7
4 –46.0 +54.0
5 +3.7 +7.2
6 +34.0 –23.2

Note: sign «+» stands for deposition, and sign «–» stands erosion of sedi-
ments.

Table 10. Deposition versus erosion zone in the area of detailed 
long-term observations (1978–2015) of the River Viliya channel 
deformation

Deposition zone Erosion zone
Area [m2] Volume [m3] Area [m2] Volume [m3]
35.000 45.500 38.000 49.400
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The rate of the flow during the period of mean water, as 
a rule, doesn’t exceed 0.25–0.35 m s–1, which contrib-
utes to the channel stability during the period.

Thus,  regulation of the planar deformations of the 
River Viliya channel have significantly fallen. The main 
reason is the decline of the average annual river flow by 
more than 30% (as the result of the inter-basin transfer) 
and its alignment within a year.

At the beginning of the reservoir exploitation (the 
first 5–7 years) the River Viliya within an area of about 
10 km long below the dam replaced the existing type 
of channel processes by a mix of free meandering and 
the braided river (Fig. 7). The superposition of the two 
types of channel process led to the submission, “con-
servation” of one of them (in this case of the free me-
andering) and to the preferential development of an-
other subtype of the riverbed with many branches. The 

identified changes are caused by the overloading stream 
sediment, formed as a result of the uncompensated ero-
sion of the riverbed right below the dam. The additional 
inflow of the sediment is associated with the construc-
tion work on the dam, the preparation of the bed and so 
on. Most of the sediment, going beyond the high flow 
rates, some distance from the dam settles to the bottom. 
Similar phenomena are also observed on rivers with an 
unregulated regime, in violation of the erosion and ac-
cumulation processes in the catchment area (Berkovich 
2012). Usually such processes are irreversible in natu-
ral conditions, and the river cannot go back to the old 
types of channel process, which is caused by global, 
secular changes in the main factors affecting channel 
formation. In the case of the violation of the channel-
forming factors caused by human intervention, in this 
case, under the influence of hydraulic engineering, this 
rule is violated. The gradual stopping of the sediment 
supply from the erosion craters resulted in a change of 
the types’ subordination: abandonment of the braided 
river and the «revival» of free meandering. At present 
the River Viliya continues to evolve according to the 
type of free meandering, which results in the gradual 
development of the bend (Table 8).

According to a number of authors, the most typi-
cal pattern of freely meandering rivers downstream of 
reservoirs is the straightening of the river beds and in-
creased bank erosion compared with the natural mode 

Table 11. Planar deformations of the River Viliya channel (in me-
ters) over the period 2010–2015

Transect Left bank Right bank
1 +0.5 –0.4
2 +1.0 –1.0
3 –0.2 +0.1
4 –3.5 +3.0
5 +0.6 –0.4
6 +1.8 –1.3

Note: sign «+» stands for deposition, and sign «–» stands erosion of sedi-
ments.

Fig. 7. Braided channel of the River Viliya
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(Kozhevnikov 2002; Turykin 2010). Our research has 
shown that downstream of the reservoir Vilejskoe 
there is a slightly different pattern of  development of 
the channel. All this suggests the necessity for regional 
forecasting techniques and the incorporation of specific 
conditions for the establishment of future reservoirs.

Conclusions

1. Reservoirs accumulate up to 65% of the sediment 
transported by the river in a suspended state and the 
entire flow of the drawn by sediment. The maximum 
sediment retention capacity of reservoirs (reaches 
80%) is typical of the flood period. On the one hand, 
it is a result of the accumulation of the river flow wa-
ter in the reservoir during flood, and, consequently 
the sediment contained in the volume of water; on 
the other hand, the enlargement of the particle size 
distribution of the suspended sediment in this pe-
riod. Restoration of the turbidity flow to values close 
to the natural regime occurs at a distance of 20 km 
downstream of small reservoirs, up to 50 km down-
stream of the dam in medium-sized reservoirs.

2. The degree of the vertical deformation of riverbeds 
downstream of the dam of the reservoir is defined by 
the geological and lithologic structure of the channel 
bottom soils. Downstream of the Vileyka Reservoir, 
if the bottom is easily eroded by the sand deposits, 
the dominant process is deep erosion. Over the 30-
year period of the operation of the reservoir the low-
ering of the riverbed bottom in the common area of 
erosion with respect to the maximum elevation has 
reached 40 cm. The velocity of the zone of transgres-
sive erosion downstream of the dam was about 250 
meters per year. If there are soils increased with the 
inclusion of heterogeneity of gravel-pebble mate-
rial  downstream (as in the bottom of the Rachuny 
Reservoir) the formation of the very blind area is 
observed, which hinders the development of the di-
rected deep erosion.

3. The change in the type of channel processes of rivers 
below the dam of reservoirs takes place as a result of 
changes in the ratio between the main factors form-
ing the channel when these changes go beyond the 
natural variation of these factors under the existing 
type of channel processes. Formation of a river bed 
with many branches in the area of the River Viliya, 
developing the type of free meandering, is a conse-
quence of the overload of sediment flow, formed as a 
result of the uncompensated erosion of the riverbed 
immediately below the apron. This process is revers-
ible, for as a result of the adaptation of the channel 
to the new hydraulic conditions, the river returns to 
the original type of the channel processes.
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