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Abstract

Construction of debris flow protection structures is impossible without studying
the processes first. Therefore, the purpose of this research was to calculate the
magnitude of debris flows in three study areas. Initial information was provided
by JSC Sevkavgiprovodkhoz and the Research Center “Geodinamika”. The first
object of this research was the river Ardon and its tributary the Buddon, because
of disastrous consequences for Mizur village of passed debris flows and floods.
Modeling of unsteady water movement was carried out for estimation of poten-
tial flooding. During modeling, 5 cases of flash floods and debris flows of various
probabilities from 0.5% to 1% percent were considered. Therefore, maximum
floods for the cross-sections above and in the Mizur village itself were obtained.
The second study area was the Chat-Bash stream, which is also situated in the
north of Caucasus mountains. For this stream, the maximum discharge that
could impact the mining complex at Tyrnyauz was determined. The third
study area was the Krasnoselskaia river due to frequent floods in Yuzh-
no-Sakhalinsk. Applying three cases of various probabilities from 10% to
0.1%, the model determined maximum discharge and water level for the last
cross-section above confluence into the Susuya river. Numerical experiments
for all study areas with different roughness values were conducted to identify
optimal ones. Comparing the model results for all study areas with empirical
formulas (Golubcov V.V., Herheulidze LI, Kkhann, Sribnyj and ASFES of
EMERCOM of Russia) revealed that formulas contain only average depth
slope angle and empirical coefficients and do not allow estimating flood areas
and maximum characteristics of the event with a certain degree of accuracy.
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Movement

1. Introduction

Debris flows of various densities are frequent phenomena in north Caucasus
mountains [1] and in Sakhalin region [2]. Research methods for identifying the
magnitude of debris flows can be divided into calculated and experimental.

The experimental method includes observation stations, where long-term
monitoring of debris flows is already taking place in many countries around the
world. One of the earliest instrumental observations was held by Pierson [3] in
channels on the flanks of Mount St. Helens. Recently the special equipment was
applied at Chalk Cliffs in the Colorado Rocky Mountains [4] [5]. In the Alpine
areas, debris flow torrent and fan monitoring is carried out by several countries:
Italy, France, Switzerland and Austria [6] [7]. Also, quantitative characteristics
of debris flows are measured at the Spanish station in the Pyrenees [8]. The larg-
est debris flow observation station was opened in 1961 in China in the Jiangjai
River Basin in the suburb of Donchuan, Yunnan Province [9]. Moreover, special
equipment was installed in Ohya landslide, central Japan [10]. Since 2002 about
19 debris flow stations have been opened in Taiwan [11]. Additionally, the expe-
riments on reproduction of artificial debris flows in nature, which were orga-
nized by Professor Yu. B. Vinogradov, were held in 1972-1975 in Zailiyskiy Ala-
tau near Alma-Ata [12].

The calculation method includes the empirical formulas and mathematical
modeling. Empirical formulas give only an approximate description of the debris
flow movement [13], since they only take into account the flow depth and ri-
verbed slope. Herewith, mathematical models are used, when it is necessary to
obtain more accurate data about the debris flow movement and the maximum
characteristics. There are many debris flow routing models, although most of
them require a specific parameter, which is difficult to obtain or to calibrate. For
example, RAMMS [14] [15] and FLO-2D [16] [17] can reproduce the deposi-
tional pattern of flows on alluvial fans after being calibrated using the historical
data from the torrent and the fan. Since simulation models often require calibra-
tion, data from the historical events are not available for many locations, which
is a major drawback for engineering applications. In addition, rheological mod-
els are used to simulate debris flows. However, they need laboratory experiments
and special equipment for proper determination of the debris flow material rhe-
ology [18]. As for the input data, the accuracy of variables has significant influ-
ence on the model results. A maximum hydrograph is the boundary condition
for the most hydrodynamic models. An assessment of a maximum hydrograph
can be conducted on basis of the probability curve for a stream if long-term ob-
servational datasets are available. Also, a hydrograph can be calculated by taking

into account the maximum volume of a lake located in the upstream reaches
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[19]. Besides, there are several models that can be applied to identify the hydro-
graph of outburst, further this data can be used in debris flow movement mod-
els. The hydrograph of a glacier-loaded outburst, for example, can be deter-
mined by Vinogradov Yu. B. model [20]. Moreover, in case of debris flows in-
strumental monitoring, infrasound array analysis can be used to define maxi-
mum characteristics [21].

The aim of this research is to calculate the maximum characteristics of the
past and possible debris flows for three study areas in the mountain regions of
Russia. A one-dimension Saint-Venant model was used in this paper, as it does
not have a calibration requirement and the initial data that is required to run the
model is quite simple. Also, the model can be applied for various geographic
zones by studying mountain regions located in different areas around Russia as
it was demonstrated in this paper. Additionally, we made a comparison of the

model results with the values obtained from the empirical formulas.

2. Study Areas

The first study area was the Ardon River in North Ossetia-Alania in Russia. It
flows from north and somewhat east, entering the Terek River northwest of Vla-
dikavkaz. The length of the Ardon is about 102 km with the catchment area of
2700 km? [22]. This river is formed by the merger of the Mamisondon, the Nar-
don, the Adaykom and the Tsmiakomdon rivers, which originate from the
glaciers in the Main Caucasus mountain Range. The Buddon River is right-bank
tributary of the Ardon (Figure 1). The source of the Buddon is located on
northern slopes of the Caucasus mountain ridge at the foot of Tzmiakomkhoh
Mountain with the maximum elevation of 4117 m. The river length is 11 km
with the catchment area of 42 km? [22].

In the Buddon River basin, there are several sites within 3 - 4 km from the
headwater area. Debris flows have been disastrous for Mizur village, located in
the mouth of the Buddon, where schools and several buildings are situated. The
flows formation begins when sediment-rich debris flows form near the headwa-
ter area of the Buddon River [23]. Once in the Ardon River (Figure 1), the de-
bris flow became diluted and transform into floods. The modeling of these flows
was conducted to protect territory in the valley of the Buddon River for Mizur
village and Zaramagskaya hydroelectric station, which is under construction. In-
itial information, which was used for debris flow modelling, was provided by the
JSC Sevkavgiprovodkhoz report of 2014 year on the Ardon River and its tribu-
tary the Buddon River.

The second study area was the Chat-Bash stream (Figure 2). It is situated in
Kabardino-Balkarian Republic and enters the Kamyk-Su River, 4.6 km from its
mouth. According to the state water register of Russia, the length of the stream is
3.3 km and the catchment area is estimated to be 7.6 km®. In the basin of the
Chat-Bash catchment, there are three sites where landslide-initiated debris flows

were recorded recently. The peak discharge of the most recent formed debris
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Figure 1. The Ardon River and its right-bank tributary the Buddon River.
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Figure 2. The Kamyk-Su River and its tributary Chat-Bash stream.

flow on June 14, 2005 was 70 m*/s [24] with a density of 1635 kg/m®. Calcula-
tions were conducted at the initiative of JSC Sevkavgiprovodkhoz to protect the
Tyrnyauz city. According to them, the flooding of the mining complex of Tyr-
nyauz will begin, when discharges in the stream reach 167 m%/s.
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Our last study area was the Krasnoselskaia river (Figure 3) located in Sakhalin
region. The river valley lies in the western spurs of the Susunai Range. The
source is located on the northern slope of Mount Augustinovich with the abso-
lute mark of 1034 m, flows into the river Susuya from its left bank 36 km from
the mouth. The Krasnoselskaia river formed at the merger of the Ligovka and
the Mga rivers. The river length is 25 km, the catchment area is 144 km®. The
river flows before entering the river valley Susuya, which has mountain charac-
ter. When the river exits to the Susuya river valley bottom in the area of the
planning district Novo-Aleksandrovsk, the river flow acquires the features of a
plain river and the basin relief is significantly changed to anthropogenic. On
both sides of the river, major part of basin area has been modified by humans
[25].

The floodplain is built up by private residential buildings. Before the clearing
of the channel and the channel expansion, the residential sector was prone to
spring flooding by the river, caused by the low capacity of the channel and the
litter in it. Nevertheless, the performed hydraulic engineering measures do not
allow missing the flow of rain floods with a probability of occurrence in 100
years more than 10%. In that case, the residential sector will be in the flood zone
[25]. Besides, bridges across the Krasnoselskaia river have an insufficient
cross-section and can serve as blocks, leading to flooding of vast territories of the
town. One of them (the bridge on Lenin Street) was built, most likely, without a
project (Figure 4).

In 2014, riverbanks were stabilized by stone and concrete structures in washed

areas, but these protective structures proved to be short-lived and ineffective and
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Figure 3. The Susuya River and its tributary Krasnoselskaia river.
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Figure 4. The bridge on Lenin Street over Krasnoselskaia river [25].

were destroyed in a single flood [25]. In August 1981, during the typhoon “Phyl-
lis”, the water discharge of the Krasnoselskaia river reached more than 173 m*/s,
leading to the flooding of vast territories [26]. Calculations were carried out on
the initiative of the Research Center “Geodinamika” in order to compute the

maximum characteristics.

3. Methods

A model for unsteady shallow water movement, developed by Tatyana Aleksan-
drovna Vinogradova at St. Petersburg State University was used to calculate the
historical and possible debris flows and floods. The model is based on a
one-dimensional set of Saint-Venant equations. Currently, the 1-D models are
still more commonly applied than the 2-D in debris-flow research field, because
of a lack of initial information for the 2-D models [27]. By applying the mo-
mentum and mass conservation laws to the mixture of a debris flow, a system of
two partial differential equations is obtained, known as the Momentum equation
and the Mass conservation equation. These equations can be solved using an
implicit finite-difference scheme [28] [29]. A numerical scheme developed at
Lavrentyev Institute of Hydrodynamics of the Siberian Branch of the RAS was
applied [30]. Differential equations of the unsteady flow in open waterways in

the presence of tributary inflow have the following appearance in the model:
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in (1) and (2) equations, x is the downstream coordinate, ¢is the time, 4 is the
flow depth, m, V'is the average velocity, m/s, Q is the water-sediment discharge,
m’/s, wis the cross-section area occupied by the flow, m?, Cis the Chezy friction
factor, g is the gravity acceleration, m/s’, R is area border ratio, m, a and S pa-
rameters depending on the shape of the cross-section and ¢ is the tributary in-
flow. In the first Equation (1), Z, is the bed slope angle, 9h/0x is the additional
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slope, that takes into account depth change along the bed. The last term plays an
important role in areas with a sharp change in the cross-section of the water-
course. The second term on the right side is the slope associated with the change
in the velocity over time. It becomes essential in areas of unsteady water move-
ment. The first and second terms on the right of the equation represent the ef-
fects of the local inertia, the third term is convective inertia.

Before the calculations, the river bed was divided into several sections. The
boundary of the sections was anchored to the cross-sections, for which data of
observed discharges and water levels were available. The initial data included the
depth and the width of the cross-sections, duration of the hazard event, initial
and maximum discharges and water levels on the cross-sections. The boundary
conditions were the hydrograph for initial cross-section and change of the water
level for ultimate one. Through this model, the following data for all cross-sections
were obtained:
 flow hydrographs
* water level
* average flow velocity
* cross-sectional area
* width of the flow
* rate of flow
* Reynolds number (it determines the nature of the flow movement)

* Froude number (it describes kinetic energy of the flow)

Additionally, you can change the river bed coefficient of roughness in the
model. Therefore, it is possible to take into account the sediment load of the
stream and to model not only floods, but also low-density debris flows. Due to
the fact that there are no established limits for changes in the coefficient of
roughness for different flows, we conducted several numerical experiments to
investigate optional one. Moreover, it is necessary to mention that this model
can be applied to various geographic zones regardless of the conditions for the
low density flows or floods formation.

As it was mentioned before calculation methods include not only modeling,
but also empirical formulas. That is why various formulas for estimating velocity
(v.) and discharge of debris flows were applied. The following formulas, devel-
oped by Golubcov V.V. [31], Herheulidze LI. [31], Kkhann [32], Sribnyj [32]
and Academy of the State Fire Service Emergencies Ministry of Russia (ASFS of
EMERCOM of Russia) [33] are frequently used in Russia.

Golubcov V. V. proposed a calculation formula for density flows [31]:

v, =3.75h%%""7 3)

in formula (3), A is the average depth of the stream, m; /—slope of the mudflow
bed, nondimensional.

If the debris flow does not have viscoplastic properties, then the velocity (v,)
of the flow for a practical purpose can be calculated using the formula of Her-
heulidze I.I [31]:
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v, =4.834"° (sin a)0'25 , (4)

where 4 is the average flow depth, m; a—average angle of slope of the mudflow
bed, nondimensional.
In addition, the Kkhann formula was used to calculate debris flow velocity
[32]:
VL, — 8.05h0,58i0.30 , (5)
where A—the average flow depth, m; /—slope of the mudflow bed, nondimen-
sional.

Also, Sribnyj M.F. formula [32] is often used for debris flow velocity calcula-

tions:

6.5RV*
u }/Iﬂ _;/(‘

where R—area border ratio, m; i—slope of the mudflow bed, nondimensional;

(6)

y.—sediment density, kg/m* y.—average debris flow density, kg/m’.
Accepting the assumption that volumes of debris flow’s solid and liquid com-

ponents are equal, the Sribnyj M.F. formula (6) changes to:
v, =425k

Lastly, Academy of the State Fire Service of the Ministry of Emergency Situa-
tions of Russia (ASFS of EMERCOM of Russia) have their formula [33] to de-

terminate the velocity of debris flow movement:
1
v, =11.4h" (U sina3 J , (7)

where U'is the relative fall diameter of loose materials involved in the flow (for
operational calculations it is assumed to be 0.7 ... 1.0).

All formulas include empirical coefficients and such characteristics as the flow
depth and the riverbed slope. Some of them like formulas of Herheulidze I.I. and
Golubcov V.V. were obtained during analysis of the field surveys in of the debris
processes in Georgia and Kazakhstan. Another were received during laboratory
experiments. Besides, in the previous research [13] the merged velocities from
the video material and calculated by Kkhann formula showed similar results.
However, no theoretical description is available for this formula, so it is impossi-
ble to verify the assumptions about the reliability degree of the results. In order
to obtain discharges, the values of velocity from the formulas were multiplied by

cross-sectional area.

4. Calculation Results

Modeling was conducted to clarify the hydrological and morphometric charac-
teristics of the maximum possible floods and debris flows in the Ardon River.

During calculations, 5 cases of flash floods and debris flows with probability of
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occurrence in one hundred years were considered (Table 1). These 5 cases de-
fined maximum magnitude of debris flows and flash flood once in one hundred
or even once in two hundred years. The values of these cases were obtained on
basis of discharge probability curve for the Ardon and Buddon rivers [23]. The
values of maximum discharges will be used for the protection territory in the
valley of the Buddon River for Mizur village and Zaramagskaya hydroelectric
station, which is under construction.

During the modeling, the design scheme of the Ardon River was made
(Figure 5). The most important cross-sections for the modeled flow events were
the 3 section, at the mouth of the Buddon, and 5", directly near Mizur village.
No continuous observations of discharges and water levels on the Ardon or the
Buddon Rivers near Mizur village were made. Therefore, short-term data pro-
vided by JSC Sevkavgiprovodkhoz were applied. The first results showed that the
Froude number was overestimated. As it was mentioned above, the Froude
number describes kinetic energy, meaning that the kinetic energy of the flow was
exceeded. Initial discharges and water levels were specified with data from
another gauge at the Ardon River.

Table 2 shows the refined calculated values of the maximum discharges of the
Ardon River on the cross-section before the confluence of the Buddon River,
immediately after and opposite to Mizur village for the several cases.

The calculations show that during the flooding on the Ardon River, after the
Buddon River flows into it, a rapid increase in water discharge occurs while a
wave is forming.

Another task was to estimate the cross-sectional area of the modeled flow
events at the 3" and 5™ cross-sections. Maximum value was obtained in 4™ case

and was approximately 120 m? and 116 m? for the 5™ cross-section, while the

Table 1. 5 cases of flash floods and debris flows with probability of occurrence in one
hundred years applied in the model for the Ardon and the Buddon rivers.

Ne case R. Ardon (probability R. Baddon (probability
of occurrence in 100 years) of occurrence in 100 years)
1 0.5% 0.5% flash flood
2 1% 1% flash flood
3 10% 10% flash flood
4 0.5% 0.5% debris flow
5 1% 1% debris flow

Table 2. Maximum discharges of 5 applied cases for the 3™, 4" and 5™ cross-sections.

Ne of Q, m’/s
cross-section Case 1 Case 2 Case 3 Case 4 Case 5
3 183.9 183.9 183.9 184.0 184.0
4 324.5 324.5 324.5 329.5 324.5
5 323.9 324.1 324.1 329.0 331.0
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Figure 5. The designed scheme of cross-sections for the Ardon River.

flooding occurs even at a cross-sectional area of 110 m” [34]. Besides, for cases 1,
2 and 3, the cross-sectional area exceeds flooding area only at the 5™
cross-section. Moreover, numerical experiments were held to indicate optimal
value of coefficient of roughness. In this case, optimal one was set equal to 0.08
for all cases. For the Buddon river, the calculations of debris flow velocity and
discharge by different methods were conducted (Table 4). Initial information is
provided in Table 3.

The formulas of Golubcov V.V. (3), Herheulidze 1.I. (4), Kkhann (5), Sribnyj
(6) and ASFS of EMERCOM of Russia (7) were used to compare their results
with the model ones [31] [32] [33]. The smallest velocity values between empiri-
cal methods were around 5 m/s by Herheulidze, Golubcov and Sribnyj formulas.
The velocities by two other formulas (Kkhann and ASFS of EMERCOM of Rus-
sia) were twice as much—more than 8.0 m/s. Values of discharges also varied a
lot among formulas, but followed the similar trend. Discharge of more than
300.0 m*/s was obtained by Kkhann and ASFS of EMERCOM of Russia. Dis-
charges by other formulas were a third less than them. Despite such differences
between formulas, model results showed the smallest values compared to empir-
ical formulas. The maximum velocity by model was less than 1.0 m/s and dis-
charge was only 140.5 m’/s.

The second study area was the Chat-Bash stream. The past debris flow of June
14, 2005 was calculated. Using the initial information from the report of E.V.
Zaporozhchenko and A.M. Padmya [24], the scheme of the stream section was
made (Figure 6). The river section was divided into two parts, morphometry
and hydrological data were anchored to the cross-sections.

185 m’/s is the maximum discharge which was obtained for the Chat-Bash
stream by the model, while the flooding of the dumps at the mining complex of
Tyrnyauz began at 167 m*/s (Figure 7).

On the top of that, we conducted the modeling of debris flow with the change
in roughness to determine the optimal one. In these calculations, coefficient of
roughness value was determined as 0.075.

The highest velocity (4.20 m/s) was obtained with a roughness of 0.085, while
the maximum flow discharge (185.9 m’/s) with n = 0.09. Thus, the flooding of
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Table 3. Initial information for the Buddon river using the data of 2014 year.

Ne of cross-section Depth, m Slope, ° Hydraulic size, m/s
1 2.66 0.087 0.70
2 2.96 0.087 0.70
3 3.74 0.087 0.70
mean 3.12 0.090 0.70
Section 1 Section 2
Cross-section 1 Cross-section2, Cross-section3,
0 m, initial 679m 1479 m, ultimate

Figure 6. The designed scheme of cross-sections for the Chat-Bash stream.
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Figure 7. Combined graph of water level changes on two cross-sections for the Chat-Bash
stream.

the dumps of the mining complex of Tyrnyauz begins at any value of the rough-
ness coefficient.

Furthermore, the results of modeling (Table 4) were compared with formulas
of Golubcov V.V. (3), Herheulidze L.I. (4), Kkhann (5), Sribnyj (6) and ASFS of
EMERCOM of Russia (7) [31] [32] [33]. The initial information for the formulas
can be found in Table 5.

The results of calculations are presented in Table 6. As already mentioned, the
results obtained using these formulas differed significantly. The smallest values
of maximum debris flow velocity around 4.0 m/s were by the same formulas as
for the Buddon (Herheulidze, Sribnyj and Golubcov formulas). The highest
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Table 4. Maximum velocity and discharge of debris flow calculated according to different
methods for the Buddon river using data of 2014 year.

Methods Velocity, v, (m/s) Discharge (m?/s)
by Herheulidze I. I. 5.1 197.3
by Golubcov V. V. 4.8 186.3
by Kkhann 8.3 3235
by ASFS of EMERCOM of Russia 8.7 3374
by Sribnyj M. F. 5.6 216.3
by the model of unsteady water movement 0.8 140.5

Table 5. Initial information for the Chat-Bash stream.

Ne of cross-section Depth, m Slope, ° Hydraulic size, m/s
1 2.44 0.15 0.85
2 2.48 0.15 0.85
3 1.59 0.15 0.85
mean 2.17 0.15 0.85

Table 6. Maximum velocity and discharge of debris flow, calculated according to differ-
ent methods for the Chat-Bash stream.

Methods Velocity, v, (m/s) Discharge (m?/s)
by Herheulidze L.I. 4.7 116.0
by Golubcov V.V. 4.3 104.8
by Kkhann 7.7 189.0
by ASFS of EMERCOM of Russia 9.0 221.4
by Sribnyj M.F. 4.8 118.7
by the model of unsteady water movement 4.1 185.0

velocity value of 9.0 m/s was calculated by using ASFS of EMERCOM of Russia
formula. Debris flow discharges also varied a lot. As well as for velocities, the
highest discharge of more than 200 m*/s was by the ASFS of EMERCOM of Rus-
sia formula. Discharge value was half as much—100 m?/s, according to the Go-
lubcov formula. The model showed the similar results for velocity value as Her-
heulidze, Sribnyj and Golubcov formulas—4.1 m/s. However, model discharges
values were closer to the results of two other formulas—185.0 m?/s.

As mentioned earlier, a significant part of the Krasnoselskaia river catchment
is located in the urban area of Yuzhno-Sakhalinsk city. Due to the frequent
flooding of the city territory, a calculation was made to determine the characte-
ristics of flash floods and low-density debris flows for the Krasnoselskaia river.
Initial information about the channel morphometry, as well as cases for setting
the maximum discharges and various probabilities of occurrence in 100 years

were provided by the employees of the Research Center “Geodinamika”. The
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calculation of the maximum discharges (Table 7) for study river was carried out
according to the ultimate flow rate formula [25].

During the data preparation, the designed scheme of the river cross-sections
in the city was made (Figure 8). The calculation was conducted for the section of
the river near the mouth. The river section was divided into 2 parts according to
changes in morphometry and presence of hydrological data. The calculation dura-
tion was 96 hours, taking into account the typhoon “Phyllis” that passed in 1981,
which lasted from August 5 to 8 with the maximum discharge of 173 m*/s [26].

As a result, we obtained hydrological and morphometric characteristics for all
cross-sections. Due to the fact that the model boundary conditions were the
flood hydrograph for the 1% cross-section and water level fluctuation at the clos-
ing cross-section, particular interest was the transformation of discharge at the
3" cross-section and the water level at the 1% cross-section respectively. The 1"
cross-section is located no more than 200 meters above the confluence of the
Krasnoselskaia river in Susuya. The figure below shows the hydrographs of the
flood of various probabilities of occurrence in 100 years at the 3™ cross-section
(Figure 9).

As it can be seen, the maximum discharge is 249.8 m’/s, the minimum dis-
charge is 84.7 m’/s. Discharge peak was observed from 52 to 53 hours. As for the
water level fluctuation over time, Figure 10 shows the level values for 1
cross-section for the three cases for probability of occurrence in 100 years. The
maximum water level was 33.5 m (with a probability of occurrence in 100 of
0.1%), the minimum was 32.2 (10%) with an initial 29.6 m.

Territory flooding in the last cross-section occurs at a depth of 3.7 to 3.3 me-
ters for 1* and 3" calculation cases. At the second cross-section, during the wave
peak, the depth varies from 1.6 to 2.0 meters. Numerical experiments were car-

ried out to clarify the optimal roughness coefficient, which was 0.075.

Table 7. Adopted cases for calculating various probabilities of occurrence in 100 years for
the Krasnoselskaia river.

R. Krasnoselskaia . . 5
Ne case o . Maximum water discharge (Q, m?/s)
(probability of occurrence in 100 years)

1 10% 82.7
2 1% 168.1
3 0.1% 2529

Section 1 Section 2
Cross-section 1 Cross-section 2, Cross-section 3,
0 m, initial 4000 m 5500 m, ultimate

Figure 8. The designed scheme of cross-sections for the Krasnoselskaia river.
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Figure 9. Calculated hydrograph of different probability of occurrence in 100 years for
the 3™ cross-section of the Krasnoselskaia river.
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Figure 10. Calculated water-level of different probability of occurrence in 100 years for
the 3™ cross-section of the Krasnoselskaia river.

Additionally, calculations of the maximum velocity values and debris flow
discharges according to the empirical formulas listed above for all three

cross-sections were carried out. Initial information for the Krasnoselskaia river

DOI: 10.4236/0jg.2020.101005 105 Open Journal of Geology


https://doi.org/10.4236/ojg.2020.101005

V. Kurovskaia et al.

calculations is provided in Table 8.

When comparing the model results with the formulas, a probability of occur-
rence in 100 years of 10% was used, due to the greater likelihood of occurrence
(Table 9). The highest velocities (about 13 - 15 m/s) and discharges (300 - 360
m’/s) were obtained by two empirical formulas—by Kkhann and by ASFS of
EMERCOM of Russia. Calculated values by the other methods for both velocities
and discharges were two times smaller. The results calculated by the model had
the smallest values for both velocity (less than 1 m/s) and discharge (less than 90
m’/s) in comparison with empirical formulas used in this research.

The low velocities obtained by the model of unstable water movement are
caused by the following: wave velocity begins to decrease if the absence of back-
water occurs and the wave spreads out over nearby areas. The total width for the
Krasnoselskaia river cross-section on average is 300 m, thus during the passage
of the wave, spreading along the floodplain occurs. However, the formulas use
only such characteristics of the channel itself as the depth and the slope, thus it is
impossible to say whether an overflow will be observed or not. This model is
one-dimensional, so it is possible to determine the velocity values only for the
entire cross-section without specifying on the channel and the floodplain. De-

spite lower model values, flooding of urban infrastructure structures is observed.

5. Conclusions

In this research low-density debris flows and flash floods were modeled on the
Ardon River. Initial information for modeling was provided by JSC Sevkavgi-
provodkhoz. One of the tasks was to estimate the maximum cross-sectional area

for 2 cross-sections near the Mizur village. The maximum discharges were also

Table 8. Initial information for the Krasnoselskaia river.

Ne of cross-section Depth, m Slope, ° Hydraulic size, m/s
1 2.44 0.58 0.85
2 2.78 0.58 0.85
3 3.06 0.58 0.85
mean 2.76 0.58 0.85

Table 9. Maximum velocity and discharge of debris flow, calculated according to differ-
ent methods for the Krasnoselskaia river.

Methods Velocity, v, (m/s) Discharge (m*/s)

by Herheulidze LI. 7.4 170.1
by Golubcov V.V. 6.0 137.9
by Kkhann 13.1 299.4
by ASES of EMERCOM of Russia 15.8 363.4
by Sribnyj M.F. 7.8 177.5
by the model of unsteady water movement 0.3 84.7
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calculated. This information is particularly important for the territory protection
in the valley of the Buddon River for Zaramagskaya HPP-1, which is under con-
struction. 5 cases of probability of debris flows and flash floods occurrence in
100 years were applied. Additionally, numerical experiments were conducted to
identify optimal coefficient of roughness, which was equal to 0.08. Empirical
formulas of Golubcov V.V., Herheulidze 1.I., Kkhann, Sribnyj and the Academy
of the State Fire Service Emergencies Ministry of Russia were used to estimate
debris flow velocity and discharges for the Buddon river. As it was listed above,
these formulas provide approximate definition of debris flows characteristics,
because the model does not include the dynamics of the flow.

On the Chat-Bash stream, the calculations were carried out on the initiative of
JSC Sevkavgiprovodkhoz to protect the Tyrnyauz city. The flooding of the
dumps of the mining complex began at flow discharge of 167 m*/s. According to
the first calculations, maximum discharge of the debris flow was 175.8 m’/s.
Then experiments were carried out to determine optimal coefficient of rough-
ness and it was found to be 0.075. We also compared the results of modeling
with empirical formulas mentioned above. Even though the model of unsteady
water movement does not take into account the size and composition of the loss
material and the debris flow density, it is a linked system and gives plausible re-
sults. For more correct and reasonable calculations, it is necessary to obtain
more accurate initial data.

As for the Krasnoselskaia river, maximum hydrological and morphometric
characteristics of possible floods and low-density debris flows were obtained.
Three cases of various probabilities in 100 years were considered. The study re-
vealed transformation of waveform during hazardous events. The most impor-
tant hydrographs were for the 3™ cross-section, which is located no more than
200 meters above the confluence of the Krasnoselskaia into the Susuya river in
the city limits of Yuzhno-Sakhalinsk. The maximum derived discharge was 249.8
m’/s and the lowest—84.7 m*/s. Also several numerical experiments with defin-
ing coefficient of roughness were conducted, it was determined as 0.075. The
comparison of modelled results with empirical formulas indicated the inability
of empirical formulas to account for the overflow. Despite the fact that the mod-
el of unsteady movement is a one-dimensional model and is able to determine
values only for a specific cross-section, it allows estimating flood areas and

maximum characteristics of the event.
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