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Field Studies of the Bottom Sediments
Movement in the Tuyamuyun Hydraulic
Engineering Complex Lower Reaches of the
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Abstract- The study of sediment flow rates in eroded riverbeds
has great practical importance, especially when solving a
number of water management problems involving various
hydraulic structures. It is important to take quantitative account
of sediments in calculating the siltation of reservoirs, when
solving issues of rational placement and design of water intake
structures and channels that divert water from the river for
irrigation and water supply needs. In the channels of
watercourses, sediments are transported in a suspended
state, distributed throughout the living cross-section of the
stream and bottom sediments, moved in the bottom layer.
Measuring the flow rate of bottom sediments in nature is much
more difficult than measuring the flow rate of suspended
sediments. Therefore, measurements of the flow rate of
bottom sediments related to the geometric dimensions and
dynamic characteristics of ridges are mainly studied in the
laboratory. The article presents the object of research, the
method of research and the results obtained for determining
the flow rate of bottom sediments. Full-scale observations to
determine the bottom, suspended and total sediment
discharge were carried out in the lower reaches of the
Tuyamuyun hydraulic engineering complex on the Amu Darya
River, which flows through the territory of the Central Asian
states.

Keywords:  eroded riverbed, bottom  sediments,
suspended sediments, ridge movement, water turbidity,
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l. [INTRODUCTION

here are 56 reservoirs in the Republic of
TUzbekistan with the volume of about 20 billion m3

of water filled from the Amu Darya, Syr Darya,
Zeravshan, Chirchik, Surkhandarya, Naryn, Karadarya
rivers and 28 large irrigation channels with flow rates of
more than 100 m3/s diverting water from these rivers. In
this regard, it is very important to determine the amount
of sediment in water sources to calculate the volume of
channel cleaning from sediment, as well as to calculate
the volume of filling the reservoir with sediment, i.e. the
useful volume.
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Tashkent Institute of Irrigation and Agricultural  Mechanization
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In the channels of watercourses, sediments are
transported in a suspended state, distributed throughout
the living cross-section of the stream and bottom
sediments, moved in the bottom layer [1-10].To
determine the amount of suspended sediment in the
stream, samples are taken at hydrometric stations, and
their concentration is determined in the laboratory by
various methods [11-19].Measuring the flow rate of
bottom sediments in nature is much more difficult than
measuring the flow rate of suspended sediments.

Due to the complexity of direct measurement,
many researchers propose to determine the flow rate of
bottom sediments by a very approximate ratio between
suspended and bottom sediments. For example, S.T.
Altunin [20] recommends taking the flow rate of bottom
sediments of the rivers of Central Asia based on the
following percentages of the flow rate of suspended
sediments: in mountainous areas - 15-23%, in foothill-5-
15% and on the plains-1-3%. A. G. Khachatryan [21]
and H. S. Shapiro [22] suggest that for the conditions of
the Amu Darya, the flow of bottom sediments is equal to
10-11% of the flow of suspended sediments. V.E. Tuzov
[23] expresses the opinion that the share of bottom
sediment runoff varies both along the length of the river
and in each section, depending on the water content of
the year. For a high-water year, the flow rate of bottom
sediments in the Tuyamuyun formation is recommended
to be equal to 18% of the flow rate of suspended
sediments, and for a low-water year, even 33%. This
approach to determining the flow rate of bottom
sediments is very approximate and uncertain.

A.l. Turaev and other researchers [24]
determined the flow rate of bottom sediments of the
Amu Darya by the volume of deformations or by the
movement velocity of bottom sand ridges. Based on the
data obtained, they established the percentage ratio of
bottom and suspended sediment discharge for different
sections of the Amu Darya River in different periods of
the year. For example, for the target at the beginning of
the water intake section of the Amu Bukhara Machine
Canal (ABMC), the flow rate of bottom sediments is:
when the flood rises (April-May) - from 3.5 to 75% of the
suspended flow rate; in the flood (June-July) - from 2.0
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to 19%, when the flood falls (August - September) - from
3.7 10 32.5 %. For the lines located below the ABMC, the
bottom sediment consumption is 2.5-21.4 % of the
corresponding suspended sediment consumption.
Repeated measurement work on the Amu Darya with the
calculation of the volume of channel deformations
allowed V.E. Tuzov to derive a formula for calculating the
flow rate of bottom sediments, which has become
generally accepted:

[I.  MATERIALS AND METHODS

The construction of water intake and reservoir
nodes on rivers with an eroded channel violates the
natural regime of their liquid and solid runoff. As a result
of the backwater created by the nodes, a significant part
of the river sediments is retained in their upper stream,
and the clarified stream discharged through the culverts
of the dam into the lower stream is gradually saturated
with sediments due to deep and planned deformations.

The purpose of field studies is a preliminary
forecast of the solid runoff flow rate, taking into account
the moving ridge forms and changes in the turbidity of
the Amu Darya River. The object of research is the
alluvial regime and riverbed processes in the section of
the Amu Darya riverbed with the length of 20 km below
the Tuyamuyun hydraulic engineering complex. The
beginning of the section was section 2, located 900 m
below the spillway dam of the hydraulic engineering
complex, and the end was section 64, located 4 km
below the Tashsakadamless spillway node.

The channel of the Amu Darya River at the
research site is composed of disjointed fine-sanded
soils, the products of erosion of which in the form of
bottom sediments are moved by a stream in the form of
sand ridges. The movement of ridge forms was studied
by visual observations. During the observations, the
planned movements of the skewed ridge located in the
section 64 were recorded. The ridge velocity was 18.3
m/day. This velocity —should be considered
overestimated, since the natural movement of the ridge
was disrupted by the dredging operations carried out: a
hole was dug in the riverbed to artificially change the
direction of the current, the head of which was located
at the distance of 200-250m from the crest of the
observed ridge. The sharp increase in the slope of the
water surface caused by digging led to an increase in
the ridge movement velocity. In addition, since the
section 64 is located at the distance of 3-4 km below the
head regulator of the Tashsaka, as a result of water
intake into the channel, the water consumption in the
section 64 decreased, and the average size of sediment
in it increased due to the intensive entrainment of the
smallest particles of sediment into the regulator. For
these reasons, the ridge formed in the section 64 did not
correspond to the hydraulic regime of the flowing flow.
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Similar observations were made for a skewed
ridge in section 40, located 9.3 km downstream of the
dam. The flow rate of water in the line is equal to the flow
rate of releases to the lower stream. The horseshoe-
shaped crest of the skewed ridge occupied the entire
width of the riverbed. The tongue of the ridge was
located at a distance of 1/38 from the left bank. The
small turbidity of the water in the river made it possible
to clearly distinguish the position of the ridge crest on
the bottom up to a certain depth of the stream. At great
depths of the stream, the outline of the ridge crest was
traced by the pronounced difference in the free surface
of the water, which was distinguished on this surface by
an oblique dark line.

In the course of visual observations from the
boat, not only the planned position of the ridge crest in
the riverbed was determined, but also the ridge height
was measured at 11 characteristic points. To determine
the ridge movement velocity at these points of its crest,
metal pegs with the length of 80 cm were fixed or a
heavy load was placed. Then two floats were attached
to the fixed points, connected by the 20 m long cord,
one of which showed the position of the ridge at the
initial moment of time, and the other - the direction of
ridge movement and the water flow. The figure 1 shows
the schematic plan for placing floats on the ridge crest
under study. After fixing the time of setting the floats
exactly after 1-3 days, the position of the ridge crest was
measured in relation to the floats showing the initial
position of the ridge, and based on changes in this
position, the length of the path of movement of the ridge
crest from the point under consideration was
determined. The ridge movement velocity was
determined by dividing the path length by the time
intervals between observations (1-3 days). The ridge
height was determined by the difference in the depth of
water in its basement and on the ridge. The ridge length
was taken as the distance from its crest to the crest of
the ridge located downstream or upstream. The
distance between the ridges of neighboring ridges was
measured as follows: first, the planned outline of the
ridge located above the studied one was established,
and metal pegs were fixed on it, to which cords 50 m
long were tied, ending in floats. After pulling the cords
by the current, which showed its direction, metal pegs
were installed above the floats, to which the upper ends
of the cords were tied, which were untied from the pegs
on the crest of the upper ridge. The described
procedure was repeated until the crest of the studied
ridge was reached.



Fig. 1: Schematic layout of the floats in determining the ridge movement velocity:
1 - pegs or bottom cargo; 2-floats above the pegs; 3-floats to determine the direction of the flow of the stream.

[11. RESULTS AND DISCUSSION

The observations showed that the movement of
the skewed ridge movement occurs mainly as a result of
the movement of secondary smaller ridges on its
surface, along the body of which, in turn, even smaller
dune ridge forms move. Table 1 shows the average
hydraulic characteristics of the flow and soil, as well as

the parameters of the main and secondary ridges
determined by field studies.

To determine the flow rate of bottom sediments,
various measuring devices, calculation dependencies
and methods are used. However, to date, there is no
generally accepted method.

Table 1: Characteristics of the flow, soil and ridges in the section 40 on the Amu Darya riverbed

S. No. Flow, sediment, and ridge characteristics Dimension Meaning
1 Water consumption at the time of observations m¥/s 1380
2 Streamwidth m 542
3 Averageflowdepth m 2,45
4 Averageflowrate m/s 1,02
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5 Surfaceflowrate m/s 0,833
6 Flowturbidity g/m® 48
7 Range of fractions change in the sample mm 0,1+2,0
8 Average size of bottom sediments mm 0,270
9 Volume weight of sediment samples g/cm?® 1,61
10 Height of the main ridge m 1,65
11 Ridgelength m 252
12 Ridge movement velocity m/day 1,4
13 Ridgeshape Skewed -
14 The sediment size on the ridge crest mm 0,110
15 The sediments size in the ridge basement mm 0,250
16 Heightofsecondaryridges m 0,21
17 Lengthofsecondaryridges m 2,45
18 Formofsecondaryridges RifflePlate -

Since the bottom sediments movement occurs
in the form of ridge forms in eroded channels, it is easy
to calculate the amount of bottom sediment
consumption by measuring the parameters of these
forms and their movement velocity. The method of
measuring ridges parameters was described in the
works of a number of researchers [25-30]. One of the
first analytical expressions of the elementary flow rate of
bottom sediments in the ridge form belongs to
M.A.Velikanov [31]:

a= a'hr'Ch (1)

Here: a - dimensionless coefficient, depending on the
ridge shape and equal to 0.5-0.6;

h,and C, - height and movement velocity of the ridge.

To determine the flow rate of bottom sediments
at one of the studied sub-sites, the parameters and
ridges velocity were measured using a very
unconventional method of visual observations. A small
number of measurements did not allow us to establish
the connection between the ridges parameters and the
flow characteristics. It was difficult to use the existing
formulas for calculating the ridges parameters due to
the special conditions in the lower reaches of the
Tuyamuyun hydraulic engineering complex. Therefore,
the preliminary calculation of the flow rate of bottom
sediments was carried out on the basis of the initial data
of Table 1 according to the formula (1), which was
supplemented with the measured values of the ridge
height and its movement velocity.

There are three permanent hydrological posts at
the research site, where samples are taken to determine
the different characteristics of liquid and solid runoff.
Data on the amount of suspended sediments were
taken from the post "OGMS Tuyamuyun", located 9.3 km
below (section 40) of the dam.
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Calculation Example

1. Consumption of bottom sediments in the ridge form
of movement.

Data for the calculation:

- Stream width, B = 542 m;

- Soil density, y =1610 kg/m?®;

- Ridge height, h,= 1,66 m;

- Ridge movement velocity, C; = 0.0000162 m/s;
- Ridge shape coefficient, a = 0.55.

P, = a-hC,y-B = 0,55 1.66 - 0.0000162 - 1610 - 542
= 12,91 kg/s

Poot cay = 12.91 - 86400 = 1115.5t/day

2. Suspended sediment consumption

Data for the calculation:
- Water consumption - Q = 1380 m%/s;
- The turbidity of the flow is - p = 0.048 kg/m?.

Pws = Q- p = 1380 0.048 = 66.24 kg/s
Pous day = Psus * Taay = 66.24 - 86 400 = 723.14 t/day
3. Total sediment consumption
P.=Pyy + Py = 1115.4 + 5723.1 = 6838.6 t/day

4. The proportion of
suspended sediments:

P % = Poyaa 100/ Pygs = 1115.4- 100/ 5723.1 =
19,5%

bottom sediments from

Thus, during the observed period, the flow rate
of bottom sediments moving in the form of bottom
ridges was 195 % of the flow rate of suspended
sediments.



[V.  CONCLUSIONS
In the lower reaches of the Tuyamuyun hydraulic
engineering complex, the bottom sediments

movement occurs in the ridge form.

With clarified water in the lower reaches of hydraulic
engineering units, the geometric and dynamic
characteristics and ridges shapes, as well as the
process of ridge formation, can be studied by direct
observations and measurements.

In the riverbed at the research site, the bottom
sediments movement occurs in the form of
movement of skewed large ridges (mesoforms),
along the body of which secondary ridges (riffles)
move, in turn, covered with moving dune forms of
ridges.

The calculation of the solid flow rate, based on the
data of direct measurements of the geometric and
dynamic parameters of the ridges, and the water
turbidity, showed that for the moment of
measurement, the flow rate of bottom sediments
was 19.5% of the flow rate of suspended sediments.

REFERENCES REFERENCES REFERENCIAS

Knox E. M.and Latrubesse R.L. (2016). A
geomorphic approach to the analysis of bedload
and bed morphology of the Lower Mississippi River
near the Old River Control  Structure.
Geomorphology. Volume 268. pp 4-35.

Gunsolus E.H. and Binns A.D. (2018) Effect of
morphologic and hydraulic factors on hysteresis of
sediment transport rates in alluvial streams. River
Res. Appl. Volume 34, issue 2.

Philip H. (2004). Alternating bar instabilities in
unsteady channel flows over erodible beds
Mechanics. Volume 499. pp 49-73.

Yang C.T. and Marsooli R. (2010). Recovery factor
for non-equilibrium sedimentation processes. J.
Hydraul. Res. Volume48. Issue 3. pp 409-413.
Wang S., Flanagan D.C., Engel B.A. (2019).
Estimating sediment transport capacity for overland
flow. J. Hydrol. Volume 578.

Lu X., Wang X., Ban X., Singh V.P. (2020). Transport
characteristics of non-cohesive sediment with
different hydrological durations and sediment
transport formulas. J. Hydrol. Volume591.

Ikramov N., Majidov T., Kan E., lkromov |. (2020).
The height of a damless water intake structure
threshold. IOP Conference Series: Materials Science
and Engineering. Volume 869. Issue 7. 072009
Ikramov N., Majidov T., Kan E., Akhunov D. (2021)
The height of the pumping unit suction pipe inlet
relative to the riverbed bottom. IOP Conf. Ser. Mater.
Sci. Eng. Volume1030.

MajidovT. and IkramovN. (2021) Influence of flow
hydraulic characteristics on the ridge lower

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

escarpment angle. E3S Web of Conferences.
Volume264, 03015.
MajidovT., lkramov N., Mamajonov M., and

Chulponov 0O.(2021)Hydro-abrasive wear reduction
of irrigation pumping units. E3S Web of
Conferences. Volume264, 03019.

lvanov B.A. (2002). Forecasting of channel
deformations in the lower reaches of hydraulic
engineering units on a hydromorphological basis.
Trudy GGl, issue 361. pp.110-134. (In Russian)
Klaven A.B. (2002) on the question of the
mechanism and forms of movement of channel
sediments. Trudy GGlI, issue 361. pp. 184-195. (In
Russian)

Kondratyev N.E. (2000) Riverbed processes and
deformations of reservoir banks. St. Petersburg. 258
p.(In Russian)

Petrovskaya O.A. (2018) Optimization of methods
for calculating the flow rate of bottom sediments
taking into account the hydraulic parameters of
rivers. Abstract of the dissertation for the degree of
Candidate of Technical Sciences, St. Petersburg. 27
p. (In Russian).

Tsubaki T., Kawasumi T., Yasutomi T. (1953) on the
influences of sand ripples upon the sediment
transport in open channels. Reports of Research
Institute for Applied Mechanics, Kyushu University.
Volume 11, No. 8. pp. 241-256.

Kopaliani Z.D. (2013) Calculations of the flow rate of
bottom sediments during their structural transport in
the rivers of the mountain-foothill zone. llI
International Scientific and Technical Conference
"Modern problems of environmental protection,
Architecture and Construction", Tbilisi-Borjomi,
Georgia. pp. 117-125.(In Russian)

Kopaliani Z. D., Kostyuchenko A. A. (2004)
Calculations of the flow rate of bottom sediments in
rivers. Collection of works on hydrology. No. 27. pp.
25-40.

Snishchenko B.F., Muhamedov A.M., Majidov T.SH.
(1989) Bedlam composition effect on dune shape
parameters and on flow characteristics. International
Association for Hydraulic Research. XXIII Congress,
Ottawa. pp. 105-112.

MazhidovT.Sh.  (1984)  Calculated  hydraulic
characteristics of flows and parameters of sand-
gravel ridges taking into account the composition of
sediments. Abstract of the dissertation for the
degree of Candidate of Technical Sciences.
Leningrad. -16 p.(In Russian)

Altunin S.T. (1956) Results of field studies of
channel processes at a large hydroelectric power
plant. Proceedings of the Institute of Structures.
Tashkent. Issue 7. pp.3-101.(In Russian)
Khachatryan A.G. (1959) Determination of the flow
rate of bottom sediments of rivers with the help of
water intake structures. New methods and

© 2021 Global Journals

Global Journal of Researches in Engineering (G) Volume XXI Issue II Version I E Year 2021



Issue II Version I E Year 2021

Global Journal of Researches in Engineering (G) Volume
€ € )

22.

28.

24,

25.

26.

27.

28.

29.

30.

31.

equipment for the study of channel processes.
Moscow. pp. 60-62. (In Russian)

Shapiro Kh.Sh. (1974) Regulation of solid runoff and
channel processes of the Amudarya river in
connection with a sharp increase in water intake for
irrigation in its middle course. Collection of reports
of the All-Union meeting on water intake structures
and flow processes. Tashkent. pp. 439-446. (In
Russian)

Tuzov V.E. (1968) on the issue of determining the
flow rate of bottom sediments by the volume of
channel deformation. Tashkent. Issue 114. pp. 93-
114.(In Russian)

Turaev A.l., Kuchkarov M.M., Sheremetovsky A.A.
(1984Results of research on determining the flow
rate of entrained sediments in the middle course of
the Amu Darya. Development of research in the field
of channel hydraulic engineering in Central Asia:
Collection of scientific papers / SANIIRI. Tashkent.
pp. 96-100. (In Russian)

Lopatin G.V. (1952) Rivers sediments of the USSR.
Moscow:Geografgiz.366 p. (In Russian)

Lyubimov V.E. (1960) on methods of accounting for
the flow of bottom sediments on rivers. Trudy
Vsesoyuznogo hydrologic heskogosresda. Volume
5. L.: Gidrometeoizdat,. p. 366-376.(In Russian)
Goncharov V.N. (1938) the movement of sediments.
L.-M. 312 p. (In Russian)

RatkovichL. Ya. (1966) Experience of field studies of
the ridge movement of sediments. TrudyGGil. Issue
132. pp. 139-148. (In Russian)

Karaushev A.B. (1977) Theory and methods of
calculating river sediments. L.. Hydrometeoizdat.
272 p. (In Russian)

Snishchenko B.F. (1966) the movement of sand
ridges in natural water flows. Trudy GGlI. Issue 136.
pp. 82-91. (In Russian)

Velikanov M.A. (1958) Channel process. Moscow.
104 p. (In Russian)

© 2021 Global Journals



	Field Studies of the Bottom Sediments Movement in theTuyamuyun Hydraulic Engineering Complex Lower Reachesof the Amu Darya River
	Author
	Keywords
	I. Introduction
	II. Materials and Methods
	III. Results and Discussion
	IV. Conclusions
	References Références Referencias



