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The article presents the new results of scientific researches of technical aspects of forecasting the consequences of
emergencies related to hydraulic accidents.Based on the analysis of statistical data, the relevance of the raised issue of
the need to improve the existing scientific and methodological apparatus to justify the parameters of the breakthrough
wave and the flood zone in the event of destruction of hydraulic structures is substantiated. The attention is focused on
the need to take into account the condition of ensuring the consumption of bulk mass of water before the restoration of
its domestic level in the lower reaches of the water barrier.This condition is the basis of an improved method for
determining the parameters of active and passive flooding of the area, based on a three-dimensional model of the
longitudinal section of the breakthrough of the hydraulic structure and the parameters of the breakthrough wave.Based
on the results of verification of the proposed methodology, calculations and modeling according to the initial data in
accordance with the developed situation of destruction of the hydro unit, a conclusion about the feasibility of its use for
forecasting emergencies during hydraulic accidents was made.
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Formulation of the problem. As of the beginning of the 21st century, more than 30,000
artificial reservoirs with a total volume of 1 million m® have been created in the world as a
result of technical regulation of river runoff with the help of damswhich caused flooding of
0.25% of the land area [1-4]. Most reservoirs were built to develop hydropower, irrigation,
technical and drinking water supply, as well as to improve the work of the water water
transport. The total number of large dams (over 15 m high), built in the twentieth century,
reaches 46 thousand [5-6].

The urgency of the issue is exacerbated by global climate changes and the catastrophic
floods caused by them on the Danube, Elbe, Rhine, Vistula, Dniester and other Carpathian
rivers over the past 5 years [1-7]. For Ukraine, as a European country with a well-developed
hydrographic network [8], the condition of hydraulic structures on the Dnieper River deserves
special attention and is of concern [9-14].

Analyzing the information on the largest accidents of hydraulic structures should be
mentioned the devastating effects of hydrodynamic danger in 1959. France [2]. Malpasse Dam
on the Reyran River on the Cote d'Azur in the Mediterranean Sea, built in 1954. The height of
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the dam is 60 m, length - 222 m, width at the base - 6.8 m, purpose - irrigation and water
supply.As a result of the breach of the dam, the city of Frejus was completely flooded. The
causes of the accident were unsatisfactory quality of concrete, as well as the use of explosives a
few hundred meters from the dam during the construction of the highway. Consequences - 423
deaths, economic losses - 68 million dollars [1].

In 1961 in the USSR in Kyiv city. Breakthrough of a temporary earth dam during the
washing of Babyn Yar, which was to become part of a small ring road in Kyiv. Pulp - a
mixture of sand with clay and water, which was pumped into the ravine, due to heavy rains
broke through the earth dam. A stream 4 m high and 20 m wide at a speed of 5 m/s rushed to
the densely populated area of Kurenivka. Within minutes, a tram park, residential buildings, and
administrative buildings were buried under a 3-meter layer. Under the pressure of the pulp, the
electrical wires broke and fell on the bus, which then caught fire.The fire killed all
passengers.The volume of mud mass is 600 thousand m3, the total area of flooding is 30
hectares. The cause of the accident was a violation of the norms during the construction of the
dam, the soil was not compacted properly, there was no drainage prism [2].

The accident on the Viont Dam in Italy, which occurred on October 9, 1963, when a 0.24
km® mountain massif collapsed into a 0.169 km® reservoir which led to the overflow of 5.0
million m® of water through the dam. A 90-meter-high water embankment washed away
several settlements in 15 minutes, killing more than 2,000 people. The cause of the landslide
was the rise in groundwater levels due to the construction of the dam.

1975. China. Typhoon “Nina” broke the dam in the peak of the river Ru.The giant wave that
formed passed the Ru and Huai rivers, destroying 62 dams and hydroelectric dams, the largest
of which was the Baingiao Dam (height - 50.5 m, length - 3720 m), built in 1952.The causes of
the accident - a natural disaster. As a result, 26,000 people died in the floods, the total number
of victims, including famine and epidemics, was 340,000, and the economic damage was $ 513
millions [1].

1976 USA. A dam broke on the Teton River in Idaho. At that time, it was the second largest
dam in the United States, its height - 93 m, length - 940 m, width at the base - 520 m.
Construction was completed in 1976. The cause of the accident - a construction error.
Consequences - 11 dead, 13 thousand injured, economic losses - 1 billion dollars [2].

1977 USA. In the state of Texas, the dam of the hydroelectric power plant, built in 1889,
broke., height - 12 m, length - 120 m, width - 6.1 m. The cause of the accident - the
obsolescence of the building, the negligence of the staff. Consequences - 40 deaths, economic
losses - 2.8 million dollars [1].

1979 India. Breakthrough of a dam in Gujarat on the Machu River. The dam was built in
1972, height - 26 m. The cause of the accident - precipitation, which fell 55 mm per day, which
is the annual norm for this arid region. Consequences - 15 thousand dead, 60% of the housing
stock destroyed [1].

Breakthrough of the Tyrlyk Reservoir Dam in the Beloritsky District of Bashkortostan,
which on August 7, 1994 caused a discharge of 8.6 million m® of water. As a result, 4
settlements were in the flood zone, 85 houses were completely destroyed, 200 houses were
partially destroyed. During the flood 29 people died, 786 people were left homeless [2].

The destruction of 7 protective dams during the great flood of August 18, 2002 near the
German city of Wittenberg on the river Elbe, when a water wave rushed into the city, urgently
40 thousand people were evacuated, 19 residents died, 26 people went missing [2].

2005 Pakistan. The 150-meter dam of Shakidor HPP on the Shadi River broke. Several
settlements were flooded. The cause of the accident - heavy rains. The consequences are 130
dead and 500 injured. A 150-meter dam burst near the city of Pasni as a result of heavy rains
on February 11, 2005 in Balochistan province in southwestern Pakistan. As a result, several
villages were flooded, killing more than 135 people [1].
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Dam burst during the construction of the Kiadag HPP after a sharp rise in water levels on
October 5, 2007 on the Chu River in the province of Thancho in Vietnam. In the flood zone
were 5 thousand houses, 35 people died [1].

2009 Brazil. Dam broke on the Algodoens Reservoir, a S0-meter section of the dam was
destroyed, 2 settlements were flooded. The cause of the accident - heavy rains. Consequences -
54 dead, 80 injured [2].

On August 17, 2009, an accident occurred at the Sayano-Shushenskaya HPP in Russia [3],
killing 77 people and rescuing 17 people. The 2nd hydro unit of the HPP was completely
destroyed and the engine room was partially destroyed.n addition, the 7th and 9th hydraulic
units were severely damaged. In total, the HPP consists of 10 hydro units that convert the
kinetic energy of water flow into electricity. As a result, the engine room building was stopped,
flooded and destroyed. After the accident, up to 10 tons of transformer oil spilled into the river
and an oil slick ten of kilometers long was formed, mass deaths of hundreds of tons of fish
were recorded.

2010 Poland. A dam broke on the Odra River near Wroclaw. In some areas of the city the
water rose by 2 m. The cause of the accident - prolonged downpours - in mid-May for the week
fell on January 2, the norm of precipitation. Consequences - 12 dead. In general, the 2010
floods in Central Europe affected Poland, the Czech Republic, Slovakia, Hungary, Ukraine,
Austria and Serbia. The greatest devastation caused Poland - 22 dead, more than 20 thousand
evacuees. The total economic damage from the flood was 2 billion euros [2].

2012 Bulgaria. The dam on the Ivanovo reservoir broke. Within minutes, the village of Biser
disappeared under water, the city of Armanli was flooded, and the international highway was
blocked. The cause of the accident - heavy rainfall, which led to overflow of the reservoir.
Consequences - 8 victims [2].

In addition to this information, the consequences of hydrodynamic hazards on the state of
ecological systems [4], hydrological component of flood runoff forecasting [5], mathematical
model for monitoring the state of hydraulic structures to protect polder systems from flooding
and inundation [6]. In Ukraine, a man-made accident was known at the Steblikov Chemical
Plant in 1983 [7-8], when 4.5 million tons of highly mineralized water with a salt
concentration of 240 grams per liter spilled into the Dniester River. Almost 600,000 tons of
chlorides got into the Dniester Reservoir. At the end of 1983, 228,000 tons of chlorides had
accumulated at the bottom of this reservoir, which accumulates pollution from upstream
regions. They tried to cope with the consequences of the chemical accident by using a pumping
unit, which lifted chlorides from the bottom of the reservoir, mixed them with water and
dumped them into the lower reaches in acceptable doses.

It should be noted that the filling of the Dniester Reservoir [14] began in late 1981, and
before the NDP it was completed in October 1987. Thus, the Dniester Reservoir prevented the
spread of pollution downstream from the dam of the reservoir. It should be noted its positive
environmental significance during this man-made accident. However, there are environmental
problems of the Dniester complex hydropower unit's impact on the ecological status of the
Dniester basin downstream from the buffer reservoir, from which water is taken to the upper
reservoir for the operation of Dniester PSP hydroelectric units. These complex environmental
problems need to be studied at all times: during the gradual commissioning of hydro units and
after the commissioning of the Dniester PSP. The above problems are also complicated by the
fact that the Dniester basin is flood-hazardous [15]. This is confirmed by the floods that
occurred in the summer of 2008 in western Ukraine due to intense thunderstorms and a sharp
rise in water levels in the rivers of the Dniester basin. This flood is called a natural disaster and
is considered the largest in the history of Western Ukraine in the last 60 years. During the
flood, the Carpathian Mountains, Prykarpattia and Zakarpattia were affected. The settlements
in the Dniester and Prut river valleys suffered the most. On July 31, 2008, the Verkhovna Rada
of Ukraine declared 90-day emergency zones in 6 regions of Ukraine: Lviv, Ivano-Frankivsk,
Ternopil, Chernivtsi, Zakarpattia and Vinnytsia. The southern districts of Khmelnytsky region
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were also affected.30 people died, 6 of them were children. After the peak of the flood, on July
28, 2008, in the territories of Lviv, Zakarpattia, Ternopil, Chernivtsi and Ivano-Frankivsk
regions 40 thousand 601 houses, 33 thousand 882 hectares of agricultural lands were flooded,
360 car and 561 pedestrian bridges were damaged, 6, 61 km of highways. The total damage
from the flood is estimated at UAH 3-4 billion. In addition to the western regions of Ukraine,
the neighboring regions of Moldova, Romania, Slovakia and Hungary were affected by the
floods. The causes of the devastating consequences of this flood, according to many Ukrainian
environmentalists, were mass deforestation in the Carpathians.

Thus, hydrodynamic danger may be caused by existing hydraulic structures subordinated to
ministries and departments of various sectors of the economy of Ukraine or leased or privately
owned by citizens, are existing or potential factors that endanger the vital interests of our
country. This should always be borne in mind to ensure the safety of life, to prevent the
negative consequences associated with the construction or reconstruction of water bodies to
make the right decisions in the case of rational use of water and land resources and
environmental protection measures.

Given the urgency of the issue in the theory and practice of civil safety, there is an urgent
need to predict the consequences of emergencies on hydraulic structures, which in turn requires
adequate scientific and methodological apparatus for calculating and modeling the
development of hydraulic accidents.

Analysis of recent researches and publications has shown that they have explored a large
number of aspects ofboth scientific and practical orientation. Among the open sources we can
highlight the literature and publications devoted to the prediction of active and passive floods
that occur as a result of hydrodynamic accidents of various kinds [15-19]. In addition, [20-21]
the possible impact of active and passive floods that occur as a result of fightening is presented.

However, the results of research and methods of forecasting the consequences of floods
presented in [15-19] relate mainly to floods or floods of a natural nature and are not fully
adapted to the conditions of destruction of hydraulic structures. And the information and
methods presented in [20-21] are outdated, they are based on analytical dependencies and do
not allow to reliably calculate the basic parameters of the characteristics of the breakthrough
wave, launch and zones of active and passive flooding. To solve this discrepancy in the theory
of emergency forecasting, it is necessary to improve the existing methodological apparatus
through the integrated use of analytical and graph-analytical methods for calculations and
modeling of these processes.

The aim of the article is to highlight the theoretical foundations and improved methods for
determining the parameters of active and passive flooding of the area due to the destruction of
hydraulic structures, as well as an example of verification of the proposed method. Presentation
of the main material of the study. According to the provisions discussed in [22], the following
definitions are used in civil security practice.

Hydraulic structure (GTS) is an economic object located on or near the water surface and is
designed to use the kinetic energy of water movement to convert it into other types of energy;
cooling of spent steam at power plants; reclamation, water abstraction for irrigation, drainage
and fish protection; water supply, coastal protection, water level regulation; ensuring the
activities of river and sea ports, shipbuilding and ship repair enterprises, shipping; underwater
mining, storage and transportation of minerals.

The reach is a part of a river, canal, reservoir or other water body adjacent to a hydraulic
structure (dam, sluice, hydroelectric power station, etc.). A distinction is made between the
upstream (WB), which is located upstream, and the downstream (NB), which is located on the
other side (downstream) of the hydraulic structure.

Proran - a narrow passage (ravine) in the body (embankment) of the dam, through which
water comes out, creating a wave of breakthrough. Depending on the rate of emptying the
reservoir (WB), there are two types of waves: the release wave - slow emptying of the WB and
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the breakthrough wave - rapid emptying. The front part of the driving mass of water is called
the breakthrough wave front.

Hydrodynamic accident (GDA) is an emergency that involves the failure and destruction of
a hydraulic structure or part thereof, and the uncontrolled movement of large masses of water,
causing the destruction and flooding of large areas. The causes of hydraulic accidents are
shown in Figure 1.

Fig. 1. Causes of hydrodynamic accidents:
(a) - natural phenomena or natural disasters; (b) - man-made factors;
(c) - extraordinary consequences of a military nature and terrorist acts

The magnitude of population losses during the GDA may vary depending on population
density in the flood zone, time of day (night increases significantly the number and severity of
the affected), speed and wave height, water and air temperatures (low temperature severely
limits the time during which it is possible to save the victims) [22].

The breach of the dam is the initial phase of the GDA, which is a proran and uncontrolled
flow of water from the WB to the NB, which with great speed and pressure goes downstream.
The wave height is from 2 to 12 m and the speed of movement is from 3 to 25 km/h (in
mountainous areas it can reach 100 km/h).

The speed of propagation and the height of the wave are also significantly influenced by the
nature of the terrain in which it moves. On the plains its speed will not exceed 25 km/h, and in
the mountains, it can reach 100 km/h. Forests, hills, ravines and other relief elements reduce
the speed of movement and the height of the breakwater.

Schematically, the longitudinal intersection of the GTS breakthrough and the breakthrough
wave parameters can be represented as follows (Figure 2).

Top bief
Crest of a wave

Proran

Wave front

Fig. 2. Three-dimensional model of the longitudinal section of the GTS breakthrough
and breakthrough wave parameters
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Taking into account [22] a catastrophic flood zone is a part of the territory that was flooded as a
result of GTS, which occurred on the GTS and within which people, farm animals and plants were
killed or damaged, buildings and various structures were significantly damaged or destroyed.

The improved method of determining the parameters of active and passive flooding of the
area isdestined to predict the possible consequences of the breakthrough wave during the
destruction of the GTS dams.

Initial data for calculations: reservoir volume Wy, million m’®; the width of the reservoir

before the dam B, m; depth of the reservoir in front of the hydro node H, m; the depth of the
river below the dam /4, m; the shape of the valley in the river sections of sight; other
characteristics of the river.

The sequence and formulas for calculations and modeling are as the following. Based on the
data of large-scale maps, the longitudinal profile of the river section is formed (Figure 3),
according to which the propagation of the breakthrough wave is possible. The obtained profile
of the river is divided into calculated sections, the length of which depends on the same
characteristics of the river and banks (slopes of the river bottom, depth, width, the nature of the
forested valley). The boundaries of the sections are accepted as calculated river
sectionscreatures. In this case, the destroyed dam is considered the first river sections, the
boundary between the 1st and 2nd sections - the second river sections, and between the 2nd
and 3rd - the third river sections, and so on. All wave parameters related to the calculated river
sections are denoted by Roman indices I, II, III, and the calculated areas are indicated by
Arabic indices 1, 2, 3, etc. (Figure 3).

t, hours y
Time to reach the breakthrough wave

(]

sections 1

Fig. 3. Longitudinal profile and parameters of the breakthrough wave (example)

During the calculations of the parameters of the breakthrough wave in the area of the
destroyed river sections GTS dam is determined(height of the breakthrough wave - Hp and
time of its passage - Ty, then find the basic data of the breakthrough wave on the first section
and subsequent, average speed - J and time to reach the calculated river sections - 7). Next,
determine the parameters of the breakthrough wave in all calculated river sections. The result
of the calculations is a graph of the breakthrough wave and plotting a possible flood zone.

The procedure for determining the parameters of the breakthrough wave in the GTS river
sections is as follows. During the destruction of the supporting structures of the dam, the height
of the breakthrough wave in the first river sections of destruction is determined by the formula:
where H — is the depth of water in front of the dam at the time of its destruction, m; /4 —is the
depth of water in the river after the dam, m.
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The time of the passage of the wave (7} ) through the river sections of the destroyed dam (I
river sections) is equal to the time of emptying the reservoir and is determined by the formula:
- Wg4

3600uBH~NH
where Wj — is the total volume of the reservoir at the normal supported level, m’; A— auxiliary
coefficient which depends on the shape of the curvature of the reservoir (its value is in the range
from 1 to 8 and for calculations in average conditions is taken equal to 3); u — water consumption
coefficient, which takes into account the shape of the riverbed and valley (Table 1); B — width of the

reservoir along the water section in the river sections of the dam at the time of its destruction, m; H —
depth of water in front of the dam at the time of its destruction, m.

7 (hours), )

Table 1
The value of the coefficient u
Terra in type Channel shape
Triangular Parabolic Rectangular
Plain 0,6 0,75 0,9
Hilly 0,5 0,6 0,8
Lowland 0,4 0,55 0,7
Alpine 0,2 0,3 0,45

The procedure for calculating the motion of the breakthrough wave in the first section and
determining its parameters in he second river sections is as follows. First determine the time
(t))reaching the crest of the wave from the first (I) to the second (II) river sections. Then

determine the height of the breakthrough wave Hp; in thesecond (II) river section and

determine the duration of the breakthrough wave through the second (II) river sections.
The time of reaching the cresto the wave from thefirst (I) to the second (II) river sections is
determined by the formula

t =L /V; (hours), 3)
where L; —is the length of the first settlement section, km (determined for relatively identical
slopes (i) and flood plains of the river); ¥| — averagespeedof breakthrough wave movement in
the calculated section, km/h (Table 2).

The average speed of the breakthrough wave in the calculated area depends on the nature of the
water barrier: the slope (¢) of the river, the width of the river flood plain, the presence of vegetation.

Table 2
The value of the average velocity of the crest of the breakthrough wave

The type of river by the width Theaveragespeedofthecrestofthebreakthroughwave (.Vl )
of the flood plain and the when the slope of the bottom (§) on the calculated section of
slopes of the banks the river
0,01 0,001 0,0001
On rivers with a wide flood 4-8 1-3 0,5-1
plain (Average 6) (Average 2) (Average 0,75)
On winding rivers 8-14 3-8 12
(Average 10) (Average 6) (Average 1,5)
On rivers with a well- 14-20 8-12 2-5
developed channel (Average 17) (Average 10) (Average 3,5)
. 12-16 5-10
On under developed rivers — (Average 14) (Average 7.5)
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The height of the (Hpj; ) in these cond calculated river sections and the duration of the
breakthrough wave ( T}; ) through the calculated river sections of sight is determined depending
on the relative coefficient:

K, =1/T; (hours), 4)
where ¢ is the time of reaching the crest of the breakthrough wavefrom the destroyed dam to the
second (II) river sections, hours (formula (3)); 7} is the time of the breakthrough wave through the
second (I) river sections, equal to the time of emptying the reservoir, hours (formula (2)).

The values of the coefficients K of the ralations of the height of the breakthrough wave
and the duration K, of its passage through the calculated river sections are shown in table 3.

The height of the breakthrough wave is determined by the formula:

Hpy = KyHp (m), (®)]
where K is the ratio of the wave height in the calculate driver sections (Table 3); Hp, is the
height of the breakthrough wave in the first (I) river sections, m (formula (1)).

Table 3

The value of the ratio of the height of the breakthrough wave and the duration of its passage
through the calculate driver sections

K, Ky Kr
0,0 1 1
0,1 0,9 1,1
0,25 0,8 1,3
0,4 0,7 1,5
0,55 0,6 1,6
0,7 0,5 1,7
0,95 0,4 1,9
1,25 0,3 2,2
1,5 0,3 2,6

The duration of the breakthrough wave throughthe second (II) river sections is determined
by the formula:

Ty = K7 Ty (hours), (6)
where K is the coefficient of the ratio of the duration of the breakthrough wave through the

calculate driver sections (Table 3); 7; is the time of passage of the breakthrough wave through
the second (II) river sections (formula (2)).

The procedure for determining the motion of the breakthrough wave and its parameters in
the second and subsequent sections and river sections is as follows. Calculations of the motion
of the breakthrough wave and its parameters in the second and subsequent sections and river
sections are performed in the same way as during the calculations of the motion of the
breakthrough wave and its parameters in the first section.

The time of reaching the breakthrough wave to the third and subsequent river sections is
determined by the formula:

t2(l) = Lz(l)/Vz(l) (hours), (7)
where Ly, is the length of the second or subsequent calculation section, km (determined for
relatively identical slopes (i) and river flood plains); V5, — the average speed of the

breakthrough wave in the calculated sections, km/h (Table 2).
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Theheightofthebreakthroughwave ( Hpgyy(;)) in the third calculated and subsequent river
sections and the duration of the break through wave (7j;(; ) through the calculated river

sections is determined depending on the relative coefficient, which, unlike the first section and
the second river sections is determined by the formula
PI0)

n—1

Ty + 21 t
P

where 75, — time of reaching the crest of the breakthrough wave from the previous to the next

K, = (hours), ®)

river sections, hours (formula (7)); 7y, — time of passage of the break through wave through

n—=1
the previous calculated river sections, hours (formula (6)); D¢ is the sum of the time of the
i=1
breakthrough wave reaching the previous river sections, hours.
The height of the breakthrough wave in the following river sections is determined by the
formula:

Hpp(jy = KpHppj-1y (m), )
where K; is the ratio of the wave heights in the calculated river sections (Table 3); H gy

is the height of the breakthrough wave in the previous river sections, m.
The duration of the breakthrough wave through the calculated river sections is determined
by the formula:
Ty jy = KrTjg(j-ry (hours), (10)
where K is the ratio of the duration of the breakthroughwave through the calculated river
sections; 7j(;_;) — time of passage of the breakthrough wave through the previous river

sections, hours.

The procedure for determining the parameters of the flood zone. The parameters of the flood
zone include: the maximum level of the crest of domestic water flow in the i-th river sections;
the average mark of the water level of the flooded j-th area of the i-th river sections; the
average width of the flooded j-th area; consumption of household water flow in the i-th river
sections; the total length of the flood zone; the total area of the flood zone during the
destruction of the GTS support dam.

The maximum level of the crest of the breakthrough wave is determined by the formulas:

in the first river sections:

H oy = Hpy + Hpy , (m), (1D

where Hj, is the mark of the household water level in the river, m; Hp, — breakthrough wave

height in the first calculated river sections, m (formula (1));
in the following settlement river sections:

Hcrest(i) :KHHcrest(ifl) (m), (12)
where K; is the ratio of the wave height in the calculated river sections; H g1y 18 the

maximum mark of the level of the crest of the breakthrough wave in the i—1 calculated river
sections, m (formula (9)).

The mark of the water level of the flooded area of the settlement area calculated river sections is
determined by the formula:

Havgi :Hcrest(i),u (m), (13)
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where H ;) — the maximum mark of the level of the crest of the breakthrough wave in the

calculated river sections (formula (12)); u — water flow factor, which takes in to account the
shape of the channel and valley, is determined from the river database (Table 1).
The width of the flooded calculation sections (B,,; ) in each of the calculated river sections

is determined graphically by plotting the cross section of the river sections between the level of
the flooded area and then measuring them (Figure 4).

B g e~ g

Y

(b)

Fig. 4. Graphic method of determining the width of the flood zone in the river sections
of sight of the breakthrough wave: (a) - side view; (b) - top view

The average width of the flood zone in the calculated section of the breakthrough wave is

determined by the formula:
B, N+B, .
__p® " PpG-1
Bavg(j) - f (m)’ (14)

where By, B,y is the width of the flood zones in the adjacent sections of the breakthrough
wave, m (Figure 4).

The average value of the water level mark on the calculated flooded area of the
breakthrough wave is determined by the formula:

H on+H, o0
(i) (=)
Hayg(jy =———— (m), (15)

where H,o (i), Havg(i-1y are the average values of the water level mark in the adjacent river

sections of motion of the breakthrough wave, m (Figure 4).
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The consumption of domestic water flow in the calculation river sections is determined by
the formula:

_ 3
W) = Bave(h Have (L (007), (16)

where B is the average width of the flood zone at the calculated section of the

avg())
breakthrough wave, m (formula (14)); H,,;, is the average value of the water level mark at
the calculated flooded section of the breakthrough wave, m (formula (15)), L; is the width of

the calculated section of the breakthrough wave, m.
The total area of the flood zone during the destruction of the GTS support dam is
determined by the formula:

J
;Bavg<j)H ave(HLj
Sgen, =4 - (m?), (17)
LS Hys
)
J g avg(J

We introduce a condition, the fulfillment of which is final to determine the parameters of the
flood zone:

J
2 Bavg(pHave()Ls < W » (18)
j=1
where B, is the average width of the flood zone at the calculated section of the
breakthrough wave, m (formula (14)); H,,( ;) is the average value of the water level mark at

the calculated flooded section of the breakthrough wave, m (formula (15)); L; is the width of

the calculated section of the breakthrough wave, m (determined by the map); J is the number of
calculated river sections.
The total length of the flood zone is determined by the formula:

J
Ly=2L; (m), (19)
=1

where L; is the width of the calculated section of the breakthrough wave, m.

The total duration (estimated time) of flooding after the break of the dam to recovery to
domestic water level is determined by the formula:

J
Totas = 2, T; (hours). (20)
=l

Thus, the existing sequence of calculations and modeling of flooding processes due to the
destruction of the GTS additionally takes into account condition (18) to predict possible total
planar and temporal parameters of flooding after the break of the GTS dam to restore domestic
water levels.

Verification of the proposed methodology based on the results of calculations and
modeling. As an example, take the situation according to which, as a result of a terrorist act,
the supporting structures of the hydroelectric power station were completely destroyed. Initial
data for calculations: the volume of the reservoir ;=72 millions m’; the width of the

reservoir before the dam B = 110 m; the depth of the reservoir in front of the hydro node H =
42 m; the depth of the river below the dam /. = 3.2; the shape of the valley in the river sections
of the hydro - parabolic; the river is flat with a well-developed channel, the floodplains of the
river are narrow, in places medium, without large resistances. It is necessary to determine the
main parameters of the breakthrough wave in the area 45 km from the hydraulic unit.
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The problem is solved by formulas (1)-(19). Based on the study of a large-scale map, the 45
km long section is divided into two settlement areas and three river sections. In this example,
we take the length of the first calculated section L;=25 km (i-0.0012), and the second —
L,=20 km (i-0.001). The first river sections is the river sections of the destroyed dam, the
second river sections between the 1st and 2nd sections and the 3d - at the end of the 3rd section
(Figures 3, 4).

1. Determine the parameters of the breakthrough wave in the river sections of complete
destruction of the supporting structures of the hydro unit (first river sections).

a) By formula (1) we find the height of the breakthrough wave Hp; in the first river

sections:
Hp =0,6-42-3,2=22m

b) Determine the time of passage of the breakthrough wave through the river sections of the
destroyed dam (time of complete emptying of the reservoir). For approximate calculations of
the time of complete emptying of the reservoir with the complete destruction of the
hydroelectric structures in formula (2), the coefficient A4 is taken to be equal to 2.

With the parabolic formula of the channel and floodplain in the river sections of the
destroyed hydroelectric factor the coficient ©=0,6, then:

_ 72000000-2 _
" 3600-0,6-110-42.442

2. Determine the basic data of the motion of the breakthrough wave in the first section and
the parameters that characterize it in the second river sections.

a) The time of reaching the crest of the wave to the second river sections is determined by
formula (3).

In our example, for a river with a well-developed channel, with narrow floodplains without
large resistances at a slope of the bottom i= 0.0012, the average speed of the wave in the first
section is V1=10 km/h. According to the data at an inclination of i = 0.0012 (i=0.001), the
speed of the wave is in the range of 812 km/h, and the average speed of the wave can be
assumed to be equal to 10 km/h. The length of the first section ;=25 km. With the specified
characteristics of the first section, the time of reaching the breakthrough wave to the second
river sections will be equal:

]

4= 2 2,5hours.
10

b) Determine the height of the breakthrough wave in the second river sections. To do this,
first determine the value of the ratio of the time of arrival of the wave to the second river

sections # at the time of complete emptying of the reservoir 7. This ratio is equal to:
h 25

222

Then, according to Table 3, we determine the values of Hp; /Hp, and Tgy; /Ty, , which

L1.

corresponds to the ratio #,/7; =1,1. However, in the table the value of the ratio #,/7} =1,1 is
missing. In such cases, the value of the ratio of the hight of the breakthrough wave H g, /H g,

and the time of the passage of the wave Ty, /T, is determined by interpolation. In this
example, the ratio ¢ /T1 =1,1 is between 0,95 and 1,25, and it means that the corresponding
ratio #/T; =1,1 — is between 0,4 and 0,3 and is accepted H gj; /Hg; =0,35. Thus, the height of

the breakthrough wave in the second river sections is equal to:
HB]] = 0,35'HBI = 0,35'22 = 7,7m.
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¢) Determine the time of passage of the breakthrough wave through the second river
sections. Why in table 3 by interpolation we determine the value of the ratio 7y /7; ; it is equal
to 2,05, and then determine the time of flooding in the second river sections:

Ty =2,05-T; =2,05-2,22 =4,55hours.

Determine the parameters of the breakthrough wave during the movement of its second
calculation section and in the third river sections.

a) By formula (3) determine the time of arrival of the breakthrough wave to the third river
sections. The length of the second settlement section is 20 km (slope of the river bottom
i=0.001). On rivers with medium floodplains without large resistances, the average speed of
the wave is 8 km/h. With these data, the time of reaching the breakthrough wave to the third
river sections will be equal to:

= % =2,5hours.
b) to determine the height of the breakthrough wave in the third river sections determine the
value of the ratio 7, /T +1, , it is equal to:
h 25
T+t 4,55+2,5
From table 3 by interpolation we determine the ratio H gy /Hpg; =0,75. From which it

=0,355.

follows that the height of the breakthrough wave in the third river sections is equal to:
Hpyr =0,73-Hpy =0,73-7,7 =5,6m.
b) The time of passage of the breakthrough wave through the third river sections is
determined from the ratio 7j; /T;; =1,43 (Table 3)

Ty =1,43-T;; =1,43-4,55 = 6,5 hours.
As a result of the calculation, the parameters of the breakthrough wave in the river sections
of the destroyed hydro unit were set: the height of the breakthrough wave Hpg; =22m; time of
complete emptying of the reservoir 7; =2,22hours .

Data of the breakthrough wave movement on the first calculated section L; and its

parameters in the second river sections: time of reaching the breakthrough wave to the second
river sections f# = 2,5hours ; breakthrough wave height Hpg; =7,7m ; time of passage of a

wave through the second river sections 7j; =4,55hours .
Data on the movement of the breakthrough wave in the second section (L,) and its

parameters in the third river sections: the time of reaching the breakthrough wave to the third
river sections ¢, = 2,5hours ; breakthrough wave height Hg;; =5,6m ; time of passage of the

wave through the third river sections 7y; = 6,5hours .

According to the data obtained on the basis of calculations, a graph of the breakthrough
wave is constructed. For clarity, the scale of the breakout wave height is taken to be larger than
the vertical scale of the longitudinal profile of the river (see Figure 4 for an example).

In conclusion, it should be noted that the article considers a three-dimensional model of
flooding due to the destruction of the GTS, which improved the method of determining the
parameters of active and passive flooding. The results of verification (calculations) using the
original data are presented, which confirmed the feasibility of its use for forecasting
emergencies during the GTA. As a direction of further research, the study of ways to protect
low-water bridge structures from ice drifts can be chosen.
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Koyropyba B.1., Muxaiinoscokuii /].B., YepeexoP.M.,Kamanos€.B., [Ipowun I.B.
MOJIEJIOBAHHS 3ATOIJIEHHSI MICHEBOCTI B HACJIIOK 3PYMUHYBAHHSA IJIPOTEXHIYHUX
CIIOPY ]

VY crarTi HaBeaEHI HOBI Pe3yIbTaTH HAYKOBUX JAOCII/PKEHb TEXHIYHUX aCIEKTIiB MPOLECIB POrHO3yBaHHS HACII/IKIB
Ha/I3BUYAHHUX CHUTYalliif, 110 MOB’S3aHi i3 TiAPOTEXHIYHMMHU aBapisMu. Ha OCHOBI aHali3y CTaTMCTUYHUX IaHUX
0OIpYHTOBaHA aKTyaJIbHICTh MiJHATOrO MPOOJIEMHOr0 MUTaHHSA IOA0 MOTPEOM YHOCKOHAJICHHS ICHYIOYOrO HayKOBO-
METOJMYHOrO anapaTy OOIPYHTYBaHHS IapaMeTpiB XBWJII HpPOPUBY Ta 30HM 3aTOIUICHHS MiCLEBOCTI Yy pasi
3pyHHYBaHHS TiIPOTEXHIYHUX CIOPYA. AKIEHTYEThCS yBara Ha noTpedi BpaxyBaHHS yMOBH 3a0€3IEYECHHsS BUTPATH
00’eMHOI Macu BOIM JI0 TOHOBJICHHS ii MOOYTOBOrO piBHA Yy HMKHbOMY 0’ei pycna BoaHol mepemkoau. Bxaszana
yMOBa MOKJIaJicHa B OCHOBY YJOCKOHAJICHOI METOAMKM BM3HAYCHHS MapaMeTPiB aKTUBHHUX Ta MACHBHUX 3aTOMJICHb
MICIIEBOCTI, L0 IPYHTYEThCS Ha 00 ’€MHIH MOJEINi IMOB3/IOBKHBOI'O IEPETHHY MPOPUBY TiAPOTEXHIYHOI CIIOpYAH Ta
napaMeTpiB xBwii npopuBy. Ha miarpyani pe3ynbraTiB Bepuikarii 3anpornoHOBaHOI METOIMKH, PO3PaxyHKIB Ta
MOJICJIIOBAHHS 32 BUXIIHUMH JJaHUMM BiJIIOBIJHO i3 PO3POOJICHOIO CUTYALli€l0 3pYyHHYBaHHS TiIPOBY3iy 3pOOJICHO
BHUCHOBOK IPO JOLUIBHICTH il 3aCTOCYBaHHS Ul NPOTHO3YBAaHHA HAJ3BMYAMHUX CUTYalild MiJ yac TigpOTEXHIYHUX
aBapiii. BusHaueHi HaNPSAMKHM IMOJAIBIINX JOCHIIKEHb.

Keywords: Haa3Bu4aiiHa cuTyallisd, TiAPOTEXHIYHA CHOpYJA, TiJPOTEXHIYHA aBapis, XBWJIA MOMYCKY, XBHIIL
MIPOPHBY, 30HA AKTUBHOTO (TACHBHOI0) 3aTOIJICHHS, BEPXHiil (HMxkHiH) 6’ed, mpopan.
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