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1t is necessary to determine the amount of sediment deposits in upper bay during the operation of the
facility to calculate the height of the mudflow protection dam. According to already known geometric
characteristics of the channel, this kind of storage is conditioned by the position of the upper surface of the
mudflow sediments. After filling the mudflow protection rim before construction, the channel transformations are
practically almost completed. A stabilized surface is established which becomes the new bed of the channel. Our
aim is to determine the position of this surface. Theoretical solution for predicting the parameters of vertical
channel transformations and the boundary conditions of this problem are used in this article. The studies carried
out allow us to suggest a method for calculating the coordinates of the terminal surface of mudflow sediments. In
a wide range of changes in the initial characteristics of the watercourse, numerous examples are calculated by
this method. The analysis of the results allows us to assess the influence of parameters determining the process
of formation of the terminal surface of sediment deposits.
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Introduction

The rivers of the mountain zone are distinguished by a large seasonal discrepancy in the flow
consumption and during the period of spring flood a significant part of the annual flow passes through
their channels. As a result many leats of the mountain foothill zone in relation with mudflow are quite
risky. Vertical channel transformations predominate in such kind of rivers which are quite actively
developing in their lowland areas due to sediment deposition washed away from the slopes of the
catchment basin. Channel transformations are relatively activated when water work facilities are built
on waterways. Particularly for the protection of settlements, communication routes and other facilities,
mudflow protection dams and dams of various designs and materials are quite widely used: solid ones
made of concrete, reinforced concrete and masonry, perforated ones - made of metal and grids [1,2,3]
(Fig. 1). The process of sediment accumulation at the upper bay of these facilities is completed over
time and the upper surface of sediments is practically stabilized (Fig. 2). Establishing its position is an
important condition for determining the amount of accumulations and, therefore, for calculating the
size of a mudflow protection facility. Many studies are devoted to constructive varieties [1,2] and
methods for calculating these facilities [4,5].

Fig. 1 Cascade of mudflow protection facilities: downside monolithic — made of
reinforced concrete, upside— made of collected metal constructions.
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When modeling channel transformations [6,7,8] occurring at river facilities [4,9], a reliable
assessment of the factors determining this process is important. Sediment waste [10,11], energy loss,
the speed of moving particles of soil [12] and the dimensions of the initial characteristics of the
watercourse are considered to be significant ones among them [13]. The disadvantages in these
parameters automatically pass to the developed model. A number of works analyzed and indicated the
operational imperfections of existing mudflow protection facilities and the main disadvantages in the
methods for calculating the parameters of their characteristic [8,14].

Conflict setting and set of methodology

It is supposed that a mudflow protection dam with a height of H, and a width along the crest of
B, was established in a trapezoidal mudflow channel. The initial longitudinal slope of the channel at
the facility site is - ip, the bed coordinate is - Zp, and the channel width is bp (Figs. 3 and 4).

During operation at the upper bay of the facility sediment is deposited flowing along the stream.
Practice shows that with the filling of the rim before the construction, the started channel-forming
unsteady process will calm down over time [2,14,15]. As a result of this transformation, a new, stable
bed is established on a certain section of the channel before the facility (surface s-s in Fig. 2). The
nature of the movement of subsequent flows flowing on this surface will practically be steady. The
ultimate goal of the hydraulic calculation of the mud-protection facility is to establish a dam of such
height (Hp) at which the whole amount of sediment entering the structure during operation is
deposited at the upper bay. Obviously, besides the initial geometrical characteristics of the channel, the
position of the terminal surface s-s has a great influence on the amount of deposits. After filling the
upper bay to the indicated surface, a non prismatic channel is formed in front of the structure
characterized by the coordinate of the bed Z and width b (Figs. 3 and 4).

Due to the lack of scientifically justified methods for calculating mudflow holding facilities,
significant discrepancies often arise between project and operational values of these pointed
parameters. This significantly reduces the effectiveness of mudflow protection activities [3,4].

Fig. 2 Longitudinal cutting of upper bay of the facility full of sediments
1-initial bed of channel, 2-mudflow sediment deposits,
3-new bed after stabilizing process (surface s-s),
4-site of movement, S-mudflow holding facility

In this article we aimed at developing the analytic method for establishing the coordinate of
upper and stable surface of mudflow sediments.

Research results

The task is a special case of the general problem of channel transformations. Based on the
analysis and assessment of the main factors determining this process, the authors have developed a
mathematical model for the stable stage of vertical channel transformations [8]. By a joint solution of
the basic equations of hydrodynamics of sediment flows with patterns of sediment consumption,
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energy loss and soil characteristics etc. a universal dimensionless equation is suggested. It is
applicable for all types of tasks concerning this problem.
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where /5, — is relation of channel width to depth of bed, F7y — is the number of Froud, dor— is average
diameter of channel forming ground, a — is the indicator according to variety of structures of sediment
waste, a=2,7...4,5; ip— is the slope of channel section where the bed movement or sediment deposits
are absent (the section is immediately in front of the zone of sediments). The positive direction of
coordinates x is accepted to be against the flow and point of calculation is crest of the dam (Fig. 3).
The linear scale of limitlessness is taken the width of b, channel on the section of which longitudinal
slope is equal to 7, [13].

The correct establishment of the boundary conditions of the problem has a decisive influence on
the validity and reliability of the final solutions. In the tasks of forecasting channel transformations, it
is advisable to use the regularity of changing the width of a new channel as a given condition. A joint
solution of the selected regularity with equation (1) will allow us to establish the final terminal
position and other parameters for the final and stable stage of the channel-forming process. In our task
one of two options of the following can be used as a boundary condition:

» Regulation of decreasing (increasing) the width of b up the flow starting from boundary

dimension of B, (width of dam) is accepted due to the condition of smoothly changing

movement (Fig. 4);

» Regulation of change of width is considered to be the condition according to which the

boundary lines of flow and side walls of new channel coincide, i.e. the change of width is

dictated by cross form of the channel (Fig. 5).

In present work the developments are given for further cases.

e
o
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Fig. 4 Calculated scheme of smoothly drafting of upper bay over the surface s-s
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Choosing the initial point of coordinates of crest of dam, we can (Fig. 2,3,4)
b=b,+2m(z~z,), (2)

where m — is coefficient of outflow of side walls of the channel equal to m =cftge (Fig. 5).

Channel curve may be admitted as constant relating to small parts, therefore, according to Fig. 3
we can write

zZp, =i, x—H, . (3)

In case of chosen system of calculation of coordinates of upper bay sediment z always has positive

sign, the coordinate of initial bed of channel z, in interval 0 < x< —* is negative and in interval

Ip

H,
X >—— - 1s positive.

Ip

On the site of channel transformations the regulation of channel curve ip is admitted as linear.
For other forms of relief of bed it is easy to calculate other regulations.

Fig. 5 Cross section of upper bay after stabilization of channel processes
1-initial bed of channel, 2-mudflow sediment deposits,
3-new bed after stabilization process (surface s-s), 4-site of movement

According to expression (3) the regulation (2) is written in dimensionless form as
b=br+2m(z+H,—i,x). )
In the initial point between width of bp and B, we have

The boundary conditions of the task are

e In case of ;=0,wehave ; =0, ;P :En and b=B, ,

— H — - —
e And in case of x=—",wehave zp =0 and b:bp+2mz .

Lp

From equation (4) we have
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d—l_)—Zm d—;—i 6
dx dx ") (©)

. . . . d
The analysis of expression (6) shows that depending on the meaning of curves d—f and i, the
x

sign of derivative can be both positive and negative. The first case means that new channel formed in
front of the facility against the flow (x) widens. Consequently, the surface of sediment deposits will be
deleted form initial bed of the channel. In the second case the new contra flow channel narrows and,
consequently, these two surfaces will be closer (Fig. 3,4).

According to dimension, the equation (1) has the following form

N
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It is easy to assume that endless dimension of channel forming ground in front of the facility

d,, and more than 1/3 degree is closer to one. In this case
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So, based on the universal equation describing vertical channel transformations for the problem
studied, a linear differential equation (8) is derived. Its joint solution with the boundary condition (4)
makes it possible to establish the coordinates of the final and stabilized surface of sediment deposits
for any initial characteristics of flow, channel and structure. For various conditions close to nature, a
number of numerical examples were calculated using the developed methodology. A wide range of
changes in the initial parameters inside characterizes the diversity of mountain-foothill streams (the
Froude number varies in the range 2 ... 6, the ratio S, - 6...18, the relation of slope m-0,5...1, the
channel slope coefficient iy and i, — between the interval of 0,01...0,06, indicator of degree a - 3 ...
4.5). In the MATHCAD environment appropriate algorithm has been compiled for calculations
according to equation (8) and the boundary condition (4). At the same time, the initial condition of the
problem was established: when x =0, b = By;.

The analysis of the results of calculations show that, besides the slopes i, and ip the indicator of
degree a. has significant influence on the form and surface position s-s. It takes into account the
structural diversity of the formulas according to the waste of sediments. Indeed, the change of number
of Froude Frjand relation S, have significant influence on final result. In Table 1 and 2 the results of
calculations for two dimensions of indicator @ are shown. On the basis of these results the graphs of
change of dimensionless coordinates of channel bed before and after channel transformations are given
(Fig.6). According to the results given in tables and graphs we observe certain variance between the
coordinates of surface sediments obtained in the dimensions of @ = 3 and a= 4. The analysis of
calculated data shows that those formulas in which sediment possibility is proportional 3,3 ...3,7 to
speed degree are more acceptable.
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Table 1

Calculated dimensions of the coordinates of channel bed before and after channel transformations:

@=3; fo=12; Fr, =5; {g =i, = 0,03

X 0 10 20 30 40 50 60 70 80

z 0,00 0,26 0,52 0,78 1,04 1,30 1,57 1,84 2,11

Z, -1,50 -1,20 -0,90 -0,60 -0,30 0,00 0,30 0,60 0,90
Table 2

Calculated dimensions of the coordinates of channel bed before and after channel transformations:

=4 fo=12; Fry =5; iy =1, = 0,03
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Fig. 6 Graphs of change of dimensionless coordinates of channel bed and surface of sediment deposits
Z.p and Z,p - initial coordinates of channel bed; Z, - calculated coordinates of terminal
surface (new channel) in case of a =3; Z, - the same in case of a=4.

Testing was done on field objects to assess the reliability of the developed method. We used the
results of studies carried out at the mud-protection facilities installed on the watercourses Akzhar
(Kazakhstan) [2] and Katsotsk (Armenia) [16] for this purpose. In the first case, the dam is perforated
built up with precast reinforced concrete elements. The height of the dam is H, =10 m. the width along
the crest is B; =30 m. In the second example there is a monolithic concrete dam of 8 m height and 55
m width. During operation the upper bays of both mudflow protection dams were almost full.
Calculations are performed for the indicated examples using the developed method. The results
obtained are opposed to data from field studies.

During 1979-1981 along the water flow of River Akzhar 18 mudflows passed with a maximum
flow rate of Q = 45 m’/s [2]. The following channel characteristics were obtained as a result of
measurements: the natural slope in the interval 0 <x <250 m is equal to i, = 0,08 and in case of x >
250 m - i, = 0,1 and in case of slope iy = 0, 04, on the sites with the slopes i, and i, the widths of the
channel are respectively equal to b, = 3,5 m; b, =4,5 m, the slope coefficient of the side walls of the
channel is m = 0.75. After filling the mudflow reservoir on characteristic sections the coordinates of
the final and stabilized surface of the mudflow deposits were also measured (Table 3).
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Table 3
Measured coordinates of surface sediments in upper bay of River Akzhar
x (M) 0 33 100 200 262 285 385 410
z (M) 10,0 11,8 17,0 24,0 28,1 31,0 38,4 41,0

For calculations of developed method the initial parameters are given in dimensionless form. In

this case we take the scale of dimensionlessness the value of width b, = 4,5 m. the following
dimensions of initial parameters are used: H,=2,22 ; B,= 6,67; b,= 0,78; 1, =0,08, when 0< x <250 m
and i,= 0,1 when x> 250 m; i, = 0,04 ; m = 0,75; Fro = 3; Bo= 6. Two dimensions are chosen for
indicator « in calculations: 3 and 4. The results of calculations are shown in Table 4.

Table 4
Calculated dimensionless coordinates of surface sediments

a=3
X 0 14 28 42 56 67 78 89 100
7 0,0 0,77 1,51 2,24 2,94 3,99 5,08 6,17 7,28

a=4
X 0 14 28 42 56 67 78 89 100
Z, 0,0 1,13 2,26 3,39 4,53 5,25 5,89 6,54 7,38

On the basis of the results of calculations and field data the graphs of change of dimensionless
coordinates of channel bed of upper bay of the Akzhar before and after channel transformations are set
as follows (Fig.7).
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Fig. 7 The graphs of change of dimensionless coordinates of channel bed and
surface sediments in upper bay of the dam on River Akzhar
Z.p and Z,p - position of initial channel bed, Z, - calculated surface of sediment deposits
(new bed of channel) in case of a = 3; Z, — the same in a = 4; position of factual
surface of sediment deposits is shown by dotted line

Analogue studies are also conducted for mudflow protection facilities built on the Katsotsk.
There are the following initial characteristics of channel [16]: natural slope on the dam is equal to - i,
= 0,11; slope iy = 0, 03; width of the channel with slopes 7, and i, are respectively equal to b,= 4,3 m;
by = 5,5 m; the coefficient of the slope of side walls - m=3,3. In case of full mudflow reservoir the
coordinates of terminal and stabilized surface of mudflow deposits are measured.
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Table 5
Measured coordinates of surface sediments deposited in upper bay of the dam of River Katsotsk
x (M) 0 15 26 46 76 116 130
z (M) 8 8,8 9,7 10,9 13,6 15,3 16,2
b (M) 55 43 32 24 17 14 10

In the calculations we use the following dimensionless values of initial parameters: H, =1,45;
B,=10; b,=0,64; m=3,3;1,=0,11; 1,=0,03; Fro=5; By =10. For the indicator a the values of 3 and
4 are also chosen. The results of calculations are given in Table 6.

According to the results of calculations and field data the graphs of changing dimensionless
coordinates of channel bed in upper bay of the dam on the Katsotsk are given before and after channel
transformations (Fig. 8).

Table 6
Calculated dimensionless coordinates of surface sediments
a=3
X 0,0 7,50 15,0 22,5 30,0
71 0,0 0,38 0,75 1,16 1,81
a=4
X 0.00 7.50 15.00 22.50 30.00
7 0.00 0.71 1.39 2.03 2.63
Z 3,00
2,50 —
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-0,50

-1,00

-1,50

-2,00
Fig. 8 The graphs of change of dimensionless coordinates of channel
bed and surface deposits in upper bay of the Katsotsk
Z.p and Z,p - position of initial channel bed, Z; —calculated surface of mudflow
sediments (new bed of the channel) in case of a =3; Z, — in the same
in case of a = 4; position of factual surface of deposits in given by dotted line

The analysis of the graphs of field examples also states the conclusion on significant impact of
the dimension of indicator a on the position of terminal surface of mudflow deposits. It shows that the
correct choice of formulas on the waste of sediments has important meaning. As the confrontation of
calculated and field data shows during the calculation of channel transformations at mudflow
protection facilities for a the interval 3,3 ...3,7 is more applicable. Along with the factor the impact
of curve of two sections of channel i, and iy is also notable.

Conclusion
Factors determining the process of channel transformations occurring in front of the mudflow
protection facilities are taken into account in the suggested method. The results of calculations carried
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out in a wide range of changes in the initial parameters of the channel and flow revealed the main

factors determining the position of the terminal and stable surface of mudflow deposits. This

conclusion was also confirmed by comparing field data to the results of calculations where a fairly

good coincide was observed. These results allow us to suggest the developed method for determining

the amount of sediment deposits in projecting of mudflow protection facilities, dams and barrages.
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AHAJIMTUYECKUY METO/ ONPEJEJEHUS KOOPJIUHAT
KOHEYHOM MOBEPXHOCTH CEJIEBBIX OTJIOKEHUI

I1.0. BaJIIDKﬂHI’Z, B.IL. Bamuxksu®

! Apmsneruii nayuonaiivnbiii notumexnuyeckutl ynugepcumem
’[Iywnckuii mexnonozuueckuti ynusepcumen

? Akyuonepnoe o6wecmeso "Aspokomnosum"”

Pacder BBICOTHI TPOTHBOCENEBOH TNIOTHHEI MTPOBOAUTCS IO 00EMY HAHOCOB, OTJIOKUBIITUXCS B
ee BepxHeM Obede B TEUCHHUH CpoKa CIYKObl coopyxkeHus. [IpM W3BECTHBIX TI'€OMETPHUYCCKHX
XapaKTePUCTUKAaX pyclia 3TOT 00beM OOYyCIOBIIEH TOJOXKEHHEM BEpPXHEH MOBEPXHOCTH CENEBBIX
ornoxkeHnit. [locrme 3amomHEHWs cene3aAep KUBaOIIEro o0beMa Tepel COOPYKEHHEM pPYCIOBbIE
npeoOpa3oBaHusl MPAKTHUECKH 3aBEPIIAIOTCS. YCTaHABIMBACTCS CTAOMIM3UPOBAHHAS MOBEPXHOCTH,
SIBIISIOIIASICSI HOBBIM JTHOM pycio. IlocTaBneHa 1ens onpeaenuTh MONI0KEeHHE dTONW MMOBEPXHOCTH. B
paboTe HUCIOJIb30BaHbl TEOPETHUYECKOE PEIIEHHE M0 MPOTHO3Y MapaMeTPOB BEPTUKAIBHBIX PYCIOBBIX
npeoOpa3oBaHUi M KpaeBble YCIOBHsS NaHHOW 3ajgaud. [IpoBeneHHBIE pa3paOdOTKH IMO3BOJIHIN
MPEUIOKUTh METOJ pacdeTa KOOPAMHAT KOHEYHOH MOBEPXHOCTH CENIeBhIX OTJIOKEHWH. B mmpokom
JIMaNa30He W3MEHEHUs MCXOJHBIX XapaKTEPHCTHK BOJOTOKA MO JAHHOMY METOAY pacCUUTaHbBI
YUCIIEHHBbIE TPHUMEPHl, B TOM YHCIE IS DKCIUIOTHPYEMBIX COOPYXEHHH. AHAIN3 IOJYYeHHBIX
pe3yNbTaTOB pPACcYeTOB IIO3BOJSET OLEHWUTH BIUSHUS IapaMeTpPoB, OOYCIABIMBAIOLUIUX TIPOIECC
00pa3oBaHMsI KOHEYHOW MOBEPXHOCTH CEJIEBBIX OTIIOXKEHUH.

KioueBbie ciioBa: pycioBoe mpeoOpa3oBaHHe, IOTOK, COOpYXeHHE, Obed, OTIOKEHHE
HAHOCOB.
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