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Steady soil progradation in channels of rivers and their tributaries, and sediment accumulations
transported by water cause natural transformation of channels. These fluvial processes change the view of
riverbeds in plan and especially vertical views.

The analysis of the present state of the problem in question has revealed a number of considerable
shortcomings and errors. They are consequences of erroneous assessment of water flow discharge
characteristics, as well as use of connections having inadequate substantiation in fundamental equations.

Statements, provisions, and equations generalizing stabilized states of different channel forming
phenomena have been assumed in the work, their application boundaries being substantiated. In consequence of
carried out investigations for stabilizing channel formation a universal mathematical model was developed
applicable for the following cases:

o channel formations of natural and man-made origin,
o different sediment regimes of flow (from under saturated flows to turbulent mudflows,
e various cross-sections of channels (rectangular, trapezoidal etc.).
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Introduction

Figure 1. The gorge formed by flood

Canal transformation of water streams (deformations of river canals) aside from natural reasons
also occurs engineering structures are build on rivers. During the last 50 years various large land-
reclamation in submountain regions was accompanied by construction of many river structures. As a
result the specific portion of man-made transformations of river canals have been essentially growth.
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Figure 2. Sediment accumulations at downstream

For example, the portion of supports failure caused by floods in all damages of bridge and
other river passages designed for various pipelines and communication lines is averaged % (Fig.3).

Figure 3. Failure of bridge supports caused by flood

Figure 4. High-water dam

Many reservoir dams, flood and mud flow barriers (Fig.4) currently are in operation and are
being built. In each one of such structures accumulated sediment at the upper bowl produces bottom
changes of river canals.

Current state of issues related to river canals transformation. First of all it is important to note
that the majority of researchers usually is specialized in a hypotheses specific problem related to river

12



WATER SYSTEMS

beds. Theoretical and experimental researches are mainly carried out to solve a specific problem. In
our opinion this is the reason that no attempt was made to investigate and define the general basic
provisions enabling to cover all kinds of river bed transformations. To ground such a statement let us
briefly return to the current state of questions under discussion.

Development of economy is conditioned by creation of wide communication networks. For this
reason from the beginning of the last century among represented problems first research works were
devoted to bridge hydraulics which studies hydrodynamics and canal deformations of bridge passages.
A number of Soviet and foreign researchers made an important contribution [1,2]. They on the basis of
several accepted hypotheses obtained first simple regularities on determining depth of river canals
flooding. Later on this problem especially for lowland large and middle size rivers arrived to quite
well and reliably solutions, including machine ones. For mountain and submountain rivers where there
are more various and rapidly changing factors conditioning this phenomenon we have not thorough
solutions [4]. In each of these cases at the top bowl accumulations of silt cause transformations of the
river bed.

Current state of bed transformations related problems. First of all it should be noted that the
majority of authors are specialized in a specific bed phenomena or research of the problem.
Theoretical and experimental researches are curried out to solve individual aspects of problems. For
that reason these issues and problems have never been investigated in width and depth and no attempt
was made to set up such fundamental link between all kinds of bed transformations. To ground the
above situation let us briefly represent the current state of problems under discussion.

It has always assumed that a high quality transport infrastructure is an essential prerequisite for
economic growth. Therefore from the beginning of the 20th century the first scientific works were
devoted to hydrodynamics of highway stream crossings and defining of river canals deformations
(bridge hydraulics). A number of Soviet and foreign scientists [1,2] made important contributions
trying to answer a number of complex questions. They through accepting several hypotheses obtained
first simple regularities of canal flooding depth. In following decades for lowland large and middle
size rivers this problem has come to a quite fundamental and reliable solution, including machine
solution [3]. In case of mountain and submountain rivers, where there are more heterogeneous and
dynamically varying factors conditioning the present phenomena, solutions still are not final [4]. Still
there are not reliable and complete models describing process of silt accumulation in reservoirs. Still
far from reality approaches are used in designs [5]. If large reservoirs can not be affected by erroneous
decision of this problem, then in case of small and middle-size reservoirs that error often leads to
serious consequences. And such reservoirs account for a large share in all existing reservoirs.

At upstream reach of high-water dams and anti-mudflow dams especially in spring and autumn
begins silt accumulation process [6]. A current and especially stabilized, final surface, being shaped in
a river canal is an important prerequisite on the basis of which calculation of accumulated sediment
volume and dimensions of the structure is made. In the late forties of the last century many natural and
laboratory investigations were carried out in the former Soviet Republics (Russia, Kazakhstan,
Georgia, Armenia) to predict coordinates of such surfaces. The suggested formulae are quite simple
and do not express running hydrodynamic multifactor physical phenomena. There also are a number
of suggestions on theoretical approach for solution of these problems (USA, Japan, Denmark Institute
of Hydraulics), where some arguable provisions were used [7, 8, 9].

The above given objective account of the problem enables to set the objective of the present
paper and important problems to achieve the purpose in view.
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Conflict settings
The goal of the work is to develop a generalized theory on hydrodynamic phenomena attending

canal transformation and for particular cases to suggest prediction techniques for stabilizing canal
transformations.

With this end in view the following problems should be solved:

e setup and substantiate those peculiarities of the canal and flow which generalize all
transformations of the cannel,

o clearly define conditions which present the problem statement, define the framework of
equations applicability and prove reliability of provisions describing the problem,

o develop a system describing stabilizing canal transformations and following them phenomena
and on its basis for a particular case suggest methods for determining coordinates of the canal’s
stabilized shape.

Research results
Quantitative and qualitative analyses of obtained solutions for riverbed formation variety

problems have been carried out. It enabled to assess the validity of the main provisions and approaches
accepted by these suggestions. For most general and strict statement of the problem the phenomena
under study are non-steady. It means that riverbed transformations and flow parameters causing them
are changed over a long period of time (months, years) also with time.

Thorough analysis of existing methods has revealed a number of shortcomings and mistakes.

They, in the main, result from not correct assessment of real values of water flow output
characteristics, as well as making use of links having partial application and weak substantiation in
fundamental equations. In particular:

In determining parameters of the river canal transformed section, in the developed model as output
values of parameters describing water flow are accepted confirmed values laying just above that
section. It turned out that in different sections while predicting transformations different output
characterizing values are referred to the same river, which results in unreliable solutions. Such an
approach is a result of insufficient notion about silt transport regime:

To determine Q; flow of silt used in balance (3) equation each authors uses his preferable formula.

In a number of works it has been shown that Q; flow calculated by different formulae for the same

condition strictly differ from each other (up to 50%) [5,10]. It means that disadvantages of this or
that formula having narrow range of application or many inaccuracies automatically take place in
further developments.

The next serious mistake is made in (1) equation when presenting energy losses for bi-phase fluid
flow; to calculate the losses clean water regularities are used. In the last two decades a number of
carried out experimental investigations have shown that the presence of silt is essentially raises
energy consumption [11].

The disadvantage is of methodic nature and concerns prediction of the most important final result
for the riverbed transformation through non-linear differential equations of non-steady flow, a
number of linearization and arguable assumptions being made during solution of the system.
Instead of the above approaches a more simple and reliable mathematical model describing
phenomena under study is suggested below.

To correct main shortcomings and mistakes existing in the proposed models designed for

predicting various canal transformations the authors of the paper a number of researches and
developments have been carried out and the main results are given below.
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Statement of the problem

Let us assume that in any section of a riverbed transformations of an arbitrary shape development
begins due to a natural or man-made cause. Before the beginning of the phenomenon hydrological,
geometrical, and hydraulic actual, output parameters of the riverbed are:

o flows of stream and sediments, carrying capacity of the stream - Q, Q;,S

e slope of the riverbed and the coordinate of the bottom —i_, Z

r=r
e depth and width of the stream, cross-section area of the stream, wetted perimeter and average
velocity of the cross-section - hr,br , A, Xr ,Vr, values of these parameters are determined by field

investigations.
The above parameters in stabilized regime of the water (except the first three ones) are changed
along the river.

Figure 5. Longitudinal profile of the stabilized riverbed

Irrespective of causing reasons (natural or man-made) and running form (flooding or
accumulation of silt) after dying of riverbed changes in the given section a new practically stabilized
riverbed is formed (in Fig.5 its bed is marked by a surface).

Assumed problems and approaches

Before proceeding to the solution of the problem let us present those important principles of
which assumption enables to correct the above mentioned disadvantages and inaccuracies.

Values of parameters describing the riverbed and flow along water flow are strictly changed.
Therefore, it is most important to make clear and substantiate those values which lead to stabilizing
state of riverbed transformations. To this end a number of natural observations and silt regime
clarifying researches have been carried out. On the basis of the obtained results analysis has been
proved that most complete and accurate description of the river bed and water flow moving through it
is provided by values taken in sections where sediment carrying capacity gets its maximum. Thus,
according to the flow direction in adopted classification of separate sections an addition is made.

In particular, between sediment transition and sections of accumulation for the given water flow a
“boundary section” concept is assumed [10].
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The mathematical model of stabilizing riverbed transformations

Real and complete explanation of hydrodynamic phenomena following riverbed transformations
enables to suggest a very simple physical model for the problem solution. It is assumed that
stabilization of riverbed transformations has already been reached.

An objective is set to define values corresponding to a stabilized phenomenon. Such an approach
provides prerequisites to avoid a model describing non-steady phenomena. Instead, the following
simple system is suggested

dz dh d(V? dh,
—t+ — + — || = —, (1)

dx  dx dx |\ 29 dx
A-V = const, 2)
Q; = const, (3)

(Here the direction of x is opposite to that of flow).

Before proceeding problem elaboration it is also important to specify and set a applicability
framework for the system of equations, the point which is missing in existing methods. Balance
Egs.1,2, and 3 of energy, fluid, and sediment rate derived for single-phase real fluid indeed have a
strict validation. However, it also is necessary to make clear the conditions where they can be applied
for double-phase fluid. To this end in view V.G.Sanoyan’s standard equation was used. By a number
of transformations making it applicable for engineering solutions was shown that in a wide range (0 to
0.8) of hard and fluid parts ratio Egs.1,2, and 3 of single-phase fluid flow are also applicable for
double-phase fluid unidimensional motion [12].

In transforming the above equations a number of known hydrodynamic regularities have been
used. Simultaneously expressions [10,11] derived by the authors for conditions of energy losses and
sediment balance have been taken into account. As a final result to describe phenomena running in
stabilizing transformations the following differential linear equation [13] has been obtained by joint
solution of Egs.1,2, and 3.

dz dh  Fr, dA s Fly

x o ax (4)

& B A dx °
The above equation generalizes fundamental balance equations of energy, fluid and hard

components of the flow, as well as links and regularities representing silt regime and channel
conditions.

In addition due to this equation a relation between coordinates Z of the new bed, depth h of the

flow moving through that channel and water cross-section A is established. Other members of this
equation are either output or determined making use of these values through classic methods. In
particular, the developed mathematical model has been applied to predict channel bottom
transformations in the Rion river (in Georgia) mouths and flow parameters in new conditions [14].

Conclusion
The mathematical model developed for stabilized state of a channel formation phenomenon is
applicable for the following cases:
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channel transformations of natural and antropogenic origins,
various sediment regimes of the flow (from low saturated flows to turbulent mud flows),
various shapes of channels cross-sections (rectangular, trapezoidal),

The result of performed developments enables:

10.

11.

12.

13.

14.

to clear up conditions necessary for delta formation and silt propagation possible shapes in
adjacent to river mouths areas depending on changes of the “erosion base”,

to predict the bottom flooding measure in bridge passages,

to receive coordinates of the upper surface of sediments accumulated against mud flow dams.

The work has been performed within the framework of 11-30/15T theme.
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ru<nuLesrnihy <NRLU3ShL AduPniuNir@3NhLLENP UULUSEUU UL
<UuULLI<ULNr SEUNKME3UL UcUuunNhUu L 64 Uuvvudnr yhrrunnruLvere

ML Pwpyut', 4.£. @npdwgjui?, U.MN. Pwgjui?, £.4. Puyniug?
'Cwywuypwuh wqquypti wynihipbubhywlwt hwdwuwpwi
2Cniphh pbutininghwwt hwdwuwpwi

Qtinbiph ni npwug Juwlubph hnbpnud dounwwbu pupwgnn gpniunubph nnnnnudutipp W hnuwupny
tynn opwpbipniyubph Ynunwynwubipp wwwndwn BU hwunhuwund hniuwiht puwlwu dbwiinfunieyniuutipp’
thnfuynid U hniubiph hwwnwlwgdwihtu U hwnlwwbu ninnudahg wbkupbinp:

Uoqwd hhduwhwpgh wnyw Jhbwyh Jbpindnygyniup h hwyn £ pbptp dph gwpp bwywu phpnyggniuttp L
uluwpubn: Ywup htinbwup Gu 9pwhnuph Gpwjhtu punipwagpbph ny 6honn quwhwwndwl, huswbu Uwl
hhduwpwp hwjwuwpnwiubpnud ng pwdwpwnp hhduwydnpnid niutignn Yuwbiph ogunwgnpédw:
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Wluwwnwupn  punniuglp Gu - wwppbp  hnitwlwgdwywu  Gplnypubph  Yuwjniuwgwd  Jhbwlubpu
punhwupwgunn uwhdwunwiubp, npnyputp L hwjwuwpnwiubph: <pduwdnpgtp Gu npwug Yhpwndwu
uwhdwuubpp: Ywwnwpjwd  dwynwiubph  wpryniupnd - wnwowpyynd £ Yuyniwwgnn  hniiwlwqdnipjuu
hwdwp unwgywsd Jwpbdwnhlwlywu hwdwyhpwnbih dnnbi, npp Yhpwnbih k.

e  puwlwu b wphbunwywu dwgdwu hntuwdlwthnfunieiniuutiph,

e hnuwuph wwppbip opwpbpniywiht nkdhdubiph (gwdp hwgbgywé hnuwupubiphg dhusl wnippnybuwn
ubiwutin),

e hnibiph nmwpwwnbuwly punjujuwywu hwwnnypubph (ninnuuyniuwal, ubnwuwdal b wyu) ywydwuubph
hwdwn:

Pwuwih pwnbp. 9nip, ghw, opwugp, hnuwup, wnippnitunngenit, opwdpwp, hwlwubjwywihu
Yuwnnigywdp:

PA3BUTHUE OBIIEN TEOPAU ITPOTHO3A U3BMEHEHMUSA PYCEJ B BOJHBIX IOTOKAX M UX
YACTHBIE TPUMEHEHUS

I1.0. Baagxsan!, B.O. Tokmamxan?, A.IL. Baamxan?, A.B. Baitynn?
! Hayuonanonouii nonumexnuyeckuii ynueepcumem Apmenuu
2 [IIywmncKuii mexHon02u4eckuil YHueepcumen

PasmeiB TPYHTOB PYyCCJI PCK U HUX MNPUTOKOB, a TAKIKC CKOIUICHUC HAHOCOB IPUBOJAAT K HU3MCHCHUIO
XapaKTCPpUCTHUK IMapaMeTpOB pPYyCEIl. Amnann3 COBPEMCHHOI'O COCTOSIHUA HpO6J’I€MbI, BbISIBUJI HCKOTOPBIC
3HAYKMMBbIE OIIHOKHU U YInyueHus, KOTOPbIC CBA3aHbI KakK C OIIMOOYHOM 0HCHKOI7[ BbIXOAHBIX MapaMETPOB MOTOKA,
TaK U ¢ TPUMEHCHUEM HEO0OCHOBAHHBIX 3aBUCHMOCTEI B OCHOBHBIX YpaBHCHUAX.

KunroueBble cioBa: BoJa, peka, KaHal, MOTOK, TYpPOYJICHTHOCTh, BOJOXPAHHUIIHIIE, TPOTHBOCEICBOE
COOPYKEHHE.
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