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ANALYSIS OF THE CONSEQUENCES OF BREAKDOWNS OF HYDRAULIC
STRUCTURES AND THE OCCURRENCE OF EMERGENCY SITUATIONS

The problem of prevention and elimination of emergencies remains very urgent. The prediction of area
flooding as a result of seasonal floods, or due to emergency situations is important and is solved on the
basis of various technologies. Computer modeling methods based on direct hydrodynamic calculations of
surface water dynamics seem to be an effective direction. Of particular interest is modeling the dynamics
of filling of hydraulic structures in mountainous terrain.

In this article, features of destruction of hydraulic structures in emergency situations on water
bodies. The article also mentions the methods of monitoring water levels in the reservoirs. A description
of flood monitoring technology is given, the results of its practical use in some regions are discussed,
and directions for further development are outlined. This information is subsequently used to predict the
emergency situation.

Key words: dam, reservoir, flooding, mathematical model, monitoring, forecast, breakthrough,
environmental safety.

Introduction. According to the report of the United Nations Commission, the damage
caused by natural disasters, particularly floods, has been increasing over the years, and the
economic losses caused by floods have led to a decrease in the gross domestic product. To
select a set of measures to minimize damage, it is advisable to forecast the main charac-
teristics of floods that affect the amount of damage. Their magnitude affects the degree of
severity of the consequences of floods for the population, economy, agriculture, etc. [1, 2].

In the last century in the world there have been more than a thousand cases of failure of
hydraulic structures, the causes of which, among the meteorological phenomena were also
factors of geological and geophysical nature [3, 4].

Based on statistics for the 15,000 large dams that exist in the world, there has been an
average of 1.5 failures per year, which means that the probability of dam failure is approxi-
mately 1-4 cases per year [5].

Modern information technology provides powerful tools for collecting, storing and pro-
cessing data. Integrated application of mathematical modeling and geographic information
systems is the most effective strategy for solving the problem of adequate, rapid monitor-
ing and analysis of threats of water body breaches. It will make it possible to assess the
environmental risk, predict the possibility and the expected time of the dam break of the
wave arrival to the settlements, as well as competently manage the hydraulic situation in
the region.
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Existing hydraulic safety systems are mainly designed for large bodies of water, and
their software and technical operation requires large staff and appropriate conditions. There-
fore, development of autonomous hardware-software complexes for monitoring of filling in
real time is urgent for reservoirs with volume up to 100 min. m’.

Lakes and rivers of Kazakhstan are sources of fresh water and are used in the life sup-
port of the country’s population, for irrigation of agricultural land. Currently, there are 1,665
hydraulic structures in the republic, including 443 large dams and 125 dike. The main prob-
lem in Kazakhstan is that many of them are remote, disconnected from power supply sys-
tems and pose some threat to the population.

In the spring of 2010, Almaty Oblast was hit by a tragedy: the flooding, with human
casualties and devastation. The natural disaster was caused by a dam break. In 2014, the
tragedy repeated itself in the Karaganda region.

Only the creation of an automated information system to monitor and prevent the hy-
draulic situation in the regions of Kazakhstan will solve the problem of minimizing the cost
of preventing floods and eliminating their negative consequences.

Hydraulic structures are complex technical objects that create a whole range of
environmental and nature-user problems even in normal operating conditions. The zones of
influence of a hydraulic structure on adjacent areas (reservoirs and downstream areas) are
quite long and can occupy hundreds of square kilometers.

There are now many known examples of flooding emergencies caused by the spread of
floodwaters and breakwaters. At this time in our country is the task of protecting agricultural
land and settlements from flooding. Flooding of agricultural land occurs both during the
passage of large-scale floods and natural, man-made factors.

The problem of floods is becoming more and more acute. The situation when settle-
ments in different regions of the country literally go under water has already become the
norm. At the same time, the budget is still spent on floods, instead of preventing them. Flood
is a phase of the water regime characterized by an intense, usually short-term increase in
discharge and water levels caused by rainfall or snowmelt during thaws. Springtime flood-
ing is a seasonal phenomenon, and, in fact, it’s a recent phenomenon that cannot be avoided
to any degree.

Attempts to resolve the conflict between the need to use floodplains and coastal lands
and losses from possible flooding have been made repeatedly by many experts. But so far
this conflict has not been resolved. To solve the problem of the possibility of using coastal
land, it is necessary to analyze the possible damage from floods.

In the event of a flood or breakthrough wave, the quality of the land is significantly
degraded. Even a short-term rise in river water during a flood can cause flooding of coastal
lands, which will invariably lead to significant losses associated with both the possible loss
of crops and deterioration of land quality.

As measures to prevent damage caused by possible flooding, it is necessary to carry out
engineering measures such as:

— monitoring and regulation of flood flow using various engineering structures: dams,
dikes, riverbank reinforcement, straightening river channels, etc.;

— design and rational placement of infrastructure elements and residential buildings in
accordance with the potentially dangerous areas of possible flooding; in areas with frequent
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cases of flooding it is possible to build houses on piles, or to transfer the first floors of build-
ings into non-residential housing;

— ensuring the sustainability of operations, taking into account the possible occurrence
of emergencies, important infrastructure elements: bridges, communication lines, etc.

The occurrence of emergency situations on hydraulic structures leads, in particular, to
such hydrodynamic accidents as the destruction of a hydroelectric complex and the forma-
tion of a breakthrough wave with catastrophic consequences in the tailrace - the destruction
of dams, dikes, power, industrial and civil facilities, flooding territories, loss of human life.
The main causes of emergencies are natural or man-made factors, such as overflow of the
reservoir head or a terrorist act. Man in the modern world is becoming more and more dan-
gerous to live in. While natural disasters such as earthquakes, floods, and forest fires have
always posed a threat, they have recently been joined by man-made disasters. The most
dangerous are accidents at large environmentally sensitive facilities, which include many
water management structures (dams, reservoirs, levees). Every day we hear about dam and
dam failures, accidents at nuclear power plants, gas and oil pipelines, resulting in floods,
toxic gas discharges into the atmosphere, and tons of oil spills. All of this can even be due to
the slightest breach of technology and safety technology, negligence, oversight, and finally,
because of the notorious “human factor”. Dams have been built for thousands of years - for
flood control, power generation, drinking, industrial and agricultural water supply. By 1950,
many governments, and in some countries private companies as well, were building more
and more dams in response to growing populations and growing national economies. The
construction of dams was seen as an important means of meeting water and energy needs
and as a long-term strategic investment capable of producing multifaceted benefits. Some
of these benefits are typical of large social projects involving infrastructure development,
while others are either unique to all dams or specific to some of them.

Experimental. The research will address the following scientific questions: Based on
the results of hydraulic data (signals) processing, development of mathematical models and
algorithms for their calculations. Depending on the class of mathematical model different
sections of mathematics will be applied: differential equations, difference equations, etc.

Scientists have concluded that the effects of dams have a major impact on the environ-
ment, since flow rates and soil erosion are directly related. Dams prevent sediments accu-
mulated in rivers (mud, waste, etc.) from reaching the sea. Therefore, near the confluences
of rivers, accumulations of such wastes are formed, leading to the formation of erosion.

Nevertheless, the past 50 years have revealed many characteristics of dams and their
impact on society and the environment. Large dams have fragmented and transformed the
world’s rivers. Dam failure has catastrophic consequences. First, the flow destroys the struc-
tures created by human hands on the land below the dam. Secondly, the powerful streams of
water squander their energy not only uselessly, but also with great harm to humans. Thirdly,
formerly flourishing lands are ravaged, piled with stones.

As we enter the twenty-first century, the world faces many challenges, foremost of
which is the need to create a sustainable way of life that will not endanger future genera-
tions. Fresh water is an important element of life on our planet. Therefore, sustainable de-
velopment requires the sustainable use of the world’s limited freshwater resources. The role
of water resources in the development of the productive forces of our society, in solving
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national economic and socio-cultural problems is increasing every year. Water resources
predetermine the development of individual regions, location of industrial facilities and
settlements, play a paramount role in the formation of natural and technical complexes,
such as water management nodes, irrigation and drainage systems, energy, agro-industrial
and other complexes.

According to various scientists, in the future there may be serious disagreements and
contradictions between countries in the use of fresh water, which can escalate into military
conflicts [6].

Clog dams have disrupted the natural flow of rivers, led to the development of stagnant
processes, reduced the ability of “self-purification,” drastically changed water quality, etc.
Increasing pressure in dams and their deplorable condition can lead to their destruction. A
natural disaster or sabotage explosion could result in a devastating flood.

In the operation of hydraulic structures, in particular dams, the destruction of the pres-
sure front of hydroelectric installations is one of the most dangerous cases of accidents,
leading to significant economic, environmental and social consequences, as well as affect-
ing significantly the ecology of the tailrace of hydroelectric installations.

Based on statistics for the 15,000 large dams that exist in the world, there has been an
average of 1.5 failures per year, which means that the probability of dam failure is approxi-
mately 10 cases per year. The accuracy of prediction of the spill hydrograph depends on the
reliability of forecasting the parameters of the spill wave (change in time of the flow depth,
flow velocity, etc.) in various flood areas, information about which is necessary to select
the location of economic facilities, development of flood control measures, drawing up an
action plan in case of a breach, assessment of the consequences of the wave passage and the
subsequent environmental situation, insurance of retaining structures, etc. [7].

The basis for the formation of population protection is the zoning of the territory ac-
cording to the types and degree of possible danger in case of catastrophic flooding by a
breakthrough wave. To predict the engineering situation during the passage of the break-
through wave, it is necessary to calculate its main parameters, which include: the maximum
height of the breakthrough wave; the maximum velocity of the body of the wave; the speed
of the breakthrough wave front; the tail speed of the breakthrough wave; time of reaching
characteristic points of the breakthrough wave (front, crest, tail) to the design sections.

To effectively protect the population, objects and territories, a methodology and pro-
gram for calculating the parameters of the breakthrough wave and flooding zones, as ap-
plied to the hydromorphometric conditions of our country are needed.

Result and discussion. The theoretical basis is based on the study of the movement of
the breakthrough wave during hydrodynamic accident on the hydraulic structures of the
pressure front.

We consider a slowly changing unsteady fluid flow on the section d/ of some channel
with the live cross-section area at the beginning of the flow S. The calculation scheme of the
breakthrough wave motion is shown in Fig. 1.

The coordinate of the free surface of the flow at the initial section is denoted by z, and
the average velocity at this section by v. At distance d/, coordinate z and velocity head
ov?/2g will receive the following increments: dz and d(av?/2g), respectively (o is the Corio-
lis coefficient) [8].
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Figure 1 — Calculation scheme of the breakthrough wave motion

For rivers, the longitudinal gradient for channels is relatively small, so for the break-
. o . . .
through wave flow, the acceleration equal to BLEV (taking into account the irregularity of
velocity distribution in the section) acts along the axis / (o, is the Boussinesq factor; ¢ is the
time of flow, s).

In accordance with Fig. 1, taking into account the work of inertial force per unit weight
of the fluid at section d/, the equation of conservation of total specific energy for the section
with coordinate z and the section at the increment d/ at unsteady motion of the breakthrough
wave body is
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where O — flow rate in the section, m3/s; K — flow characteristic, m?/s, K = SCVR ; R—hy-
draulic radius, m; S — live cross-sectional area of the flow, m?; C — Shezi coefficient, m®3 /s,

C= 0 R | n — roughness coefficient of the watercourse, s/m°%.

For calculation of open channels it is recommended values y =0,2...0,25. For the calcu-
lations in the work took y = 0,25.

Dividing both parts of equation (2) by d/ with the friction slope taken into account, we
obtain the following equation:
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0z oh
where — = | =i —— — free surface slope; i — stream bottom slope; 4 — flow depth, m.

al al
After transformations, equation (4) takes the form of the Saint-Venant equation [8, 9]:
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The complexity of the equations in question and the impossibility of obtaining analytical
solutions required the use of numerical methods based on the approximation of derivatives
by finite differences [10]. Systems for real-time monitoring of water bodies, based on
automation of information collection and processing, are being developed for practical
application.

The main concepts of this work is to identify ways to establish a monitoring system,
in particular, predicting the risks of accidents due to dam breaks, analyzing data, the
characteristics of objects falling into the flood zone and obtain instructions for an
immediate response to prevent emergencies. The objectives of the work are to analyze
the consequences of a dam break and the immediate response to these events, to predict
possible flood zones, the destruction of downstream dams, recommendations for rescue
operations.

To solve the problem of obtaining flood zones as a result of flooding, the following ways
of obtaining results are possible:

1. Physical models;

2. Conducting analytical calculations;

3. Numerical modeling.

To date, it has been shown that it is possible to determine the parameters of flood and
breakout wave propagation only by using numerical computer modeling. Fluid flows are
divided into two very different types: laminar (smoothly varying, regular) and turbulent
(disordered). In cases of flood and breakthrough wave propagation, the fluid flow will be
turbulent [11].

All existing software packages can be divided into one-dimensional, two-dimensional
and three-dimensional. Numerical modeling in one-dimensional and two-dimensional
cases greatly simplifies the model under study, and does not give a complete picture of the
processes occurring during the propagation of the breakthrough wave or flood wave, which
will be shown below. Thus, the most accurate would be to use three-dimensional numerical
modeling to perform flood and breakout wave calculations.

In most cases, the basic system for hydrodynamic modeling is a three-dimensional
system of Navier-Stokes evolutionary equations.

Let's analyze the necessary input data for different ways of modeling.

Saint-Venin's system of differential equations for unsteady fluid motion, assuming flow
in a channel with a sufficiently large bottom slope, can be reduced to the form:
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where: ¢ — time, 0 < ¢ < T = const, s; x — spatial coordinate in the direction of motion, and

0 <x </, m; J — bottom slope, m/m; b — width ¢ of the channel, m; A(x, ) — channel
bh?

depth, m; K(/) — flow characteristic of the channel (K(h) = P where n — is the roughness

coefficient); v(x, ) — average flow velocity in the channel cross section, m/s; Q(x, ¢) — flow
3

rate in the selected cross-section, m? .

To calculate by these equations describing unsteady nonuniform movement of water
masses, it is necessary to set initial and boundary conditions on the river section. Initial con-
ditions require to set the state of the flow, its velocity or flow rate at all points of the channel
at the time ¢ = 0. Boundary conditions determine the water level, its velocity or flow in the
upper and lower sections of the river at any time.

The initial conditions will be of the form:

(x,0) = 0,(x),  b(x,0) =y, (x), )

Boundary conditions:
Q(0,t)=0,(t), h(0,t)=y, (1), (10)
QL) =a,(1)., h(l.t)=y,(). (11)

The problem can be solved by dividing the interval [0, 7] into segments and calculating
on them all the characteristics of the flow, because for real river channels in a non-uniform
movement area of the cross section varies depending on x, and since the motion unsteady,
then the area also depends on time. Thus, it is necessary to divide the section into segments
with unchanged hydraulic characteristics, then solve the system of Saint-Venin equations
for the segments, where for the first segment the input hydrograph is taken from the initial
data, then the flow parameters in this segment are calculated and the output hydrograph,
which serves as the output hydrograph for the second segment, and so on.

The task of modeling river flow is an important problem. Currently, there is no single solu-
tion for predicting river flow. The constant desire to simplify methods leads to a loss of quality
in the results of the study. But more complex models require numerous observational data,
which are often not available, so we have to resort to simplifying models. One-dimensional
models of river flow modeling can be used only for preliminary calculations. One-dimension-
al models of river flow modeling can be used only for preliminary calculations [12].

Conclusions. The paper shows that it is possible to determine the parameters of flood
and breakthrough wave propagation only with the use of numerical computer modeling. All
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considered methods do not allow to quickly obtain baseline data to justify flood protection
measures and require significant material and time resources. Thus, there is an obvious
need to create a simplified technology for engineering justification of flood control mea-
sures, comparable in terms of reliability of obtaining results with existing ones, but with
the advantage of speed of modeling and ease of implementation. The technology should,
with a minimum set of input data, make it possible to simulate the propagation of the flood
wave or breakthrough wave, which results in a two-dimensional map of the study area with
flood zones, ranked by depth, as well as other parameters that characterize the propagation
of waves.
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I'MAPOTEXHUKAJIBIK KYPBIJIBICTAPABIH b¥3bIJ1YBIHBIH CAJIJIAPBIH
KOHE ABAPUSLIBIK KAFJANJIAPIBIH TYBIHIAYBIH TAJIJIAY

Tomenuie caz0atiniapovly anblH ALy HCIHE ONAPObL AHCOI0 MIceNeci ome 03eKkmi 60bin Kaia oepeoi.
Maycvimovlk cy mackviHbl Hemece memeHule Hcaoaunap Hamugcecinoe aymakmol cy 6acyovl bonxcay
ome Manbl30bl OOILIN MAOBLIAObL JCIHE ONAp IPMYPIL MexHoLo2usIap He2izinoe wewinedi. Kep ycmi
CYnapul OUHAMUKACLIHGIY MiKenel 2UuOPOOUHAMUKANBIK ecenmeyiepine He2iz0eneen KOMNbIOmepniK Mo-
denvoey adicmepi Kawian oa muimoi 6agvim 6onvin kepinedi. Taynvl diceprepoe 2uOPOMeEXHUKAIbIK
KYPbLIbICIapobl cyMeH MoNmbvlpy OUHAMUKACHIH MOOETbOe)y epeKule Kbl3bl2VUlbliblK Ny0blpamuitbl pac.

Byn makanaoa cy obvexminepindeci momenuie Hcaoaunapoa 2uOpOmMexHUKAIblK KypbliblCMapobly
oy3vLny epexuenixmepi kapacmoipuvinean. CoHbiMen Kamap mMakanaod cy KouManiapbiHoagsl ¢y 0eyeeiin
oaxvLiay 20icmepi 0e atimvinadvl. Cy mackpinvli 6aKbIIAY MEeXHOL0UACHIHbIY CUNAMMAMACH] KeNMIPInceHn,
OHbl KellOip aumakmapoa npakmukaibl KOI0AHy Hamuxcenepi maikblianbin, 00aH api 0amy 6azelmmapbl
yevinvLiean. byn aknapam xetiinnen momeHute sHca20atiovl 60IHCaAy Yulit KOIOaHbLIAObL.

Tyitin ce30ep: 6ocem, cy KouMacwl, Cy MACKbIHbL, MAMEMAMUKALLIK MOOelb, OaKwliay, 001xcay,
cepninic, IKONOSUAILIK KAYINCi30iK.
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AHAJIN3 HOCJIEACTBUSA PASPYIHEHUA THAPOTEXHUYECKUX
COOPY)XEHUI 1 BOSHUKHOBEHUE ABAPUMHBIX CUTYALIUI

IIpob6rema npedynpedsicoenus u IUKEUOAYUY YPE3BLIYAUHBIX CUMYAYULL OCIMACMCS 04eHb AKMYAIbHOU.
Ipozrosuposanue 3amonienusi meppumopuil 8 pe3yibmame Ce30HHbIX NAB0OKOS UL 6 Pe3yibmane upes-
BBIYAUHBIX CUMYAYULL UMeem 8AXHCHOE 3HAYEHUE U Peuldemcs Ha OCHO8e PA3IUYHbIX mexHon02ull. Memoob
KOMIbIOMEPHO20 MOOCIUPOBAHUSl, OCHOBAHHBLE HA NPAMBIX 2UOPOOUHAMUYECKUX PACUEMAX OUHAMUKU HO-
BEPXHOCTHBIX 800, NPeOCMAsIAOMCs dhpexmusnvim Hanpasienuem. Ocobwlll unmepec npeocmasisiem
MOOenUposaHUe OUHAMUKY 3ANOTHEHUsI SUOPOMEXHUUECKUX COOPYICEHUTL 8 2OPHOU MECIHOCHIL.
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B oaunoii cmamve paccmompenvl ocobennocmu paspyuienus uOPOMEXHUYECKUX COOPYICCHUL 6
Upe3BLIYAUHBIX CUMYAYUAX HA B0OHBIX 00bekmax. B cmamve makoice ynomMunaromes memoovl MOHUmMO-
PpUHea yposHsi 600bl 8 8000Xpanunuwax. Ilpusedeno onucanue mexHoro2uu MOHUMOPUHeA HABOOHEHUI,
00cydHcOenbl pe3ynomamyl eé nPaKmuiecko2o UCNONb306aHUs @ HEKOMOPLIX PecUOHAX, HaMeUeHbl HANPas-
Jlenust danvbHenwe2o pazeumus. dma uHgdopmayus Gnocieocmeu UCNOIb3Yemcs 05 NPOSHO3UPOBAHUS
upe3euLIYaHol CUMYayuu.

Kniwoueevie cnosa: niomuna, 6o0oxpanunuwye, HA8oOHeHUe, MAMEMAMUYECKAs MOOeb, MOHUNO-
PpUHe, NPOCHO3, NPOPLIE, IKONO2UHECKAS DE30NACHOCTb.



