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Abstract: The article is devoted to the development o f river flow modeling methods. This paper discusses 
possible approaches to modeling fluidflow. The analysis o f recent floods and measures to protect agricultural 
lands from flooding based on computer simulation o f the spread offlood and breakthrough waves. Preferred 
various examples show that the most optimal way to prevent the breakthrough o f hydraulic structures is is a 
constant automated monitoring o f water level. This information is used to predict the emergency situation in 
the future.
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ЦОРЕАНЫС ШАРАЛАРЫН НЕГІЗДЕУ YШІН СУ ТАСЦЫНЫН ЖЭНЕ СЕРПІНДІ 
ТОЛЦЫНДАРДЫ МОДЕЛЬДЕУДЩ МІНДЕТТЕРІН ОРЫНДАУГА АРНАЛЕАН

ЖАЦА ЖОЛДАР

Ацдатпа: Мацала взен агынын модельдеу эдістерін эзірлеуге арналган. Онда агынды модельдеудіц 
ыцтимал тэсілдері царастырылады. Су тасцыныныц жэне серпінді толцындардыц таралуын 
компьютерлік модельдеу негізінде соцгы болган су тасцыны мен ауылшаруашылыц жерлерін су 
басудан цоргау шараларына талдау ЖYргізілді. Су децгейіне автоматтандырылган бацылау ЖYргізу 
гидротехникалыц цурылымдардыц серпілісіне жол бермеудіц оцтайлы тэсілі болып табылады. Бул 
ацпарат болашацта твтенше жагдайды болжау ушін цолданылады.

TYMHdi свздер: су тасцыны мен серпінді толцындар, су басу, компьютерлік модельдеу, турбулентті 
гидродинамика, бацылау ЖYйесі, аумацты су басудан цоргау

НОВЫЕ ПОДХОДЫ ДЛЯ РЕШЕНИЯ ЗАДАЧ О МОДЕЛИРОВАНИИ ПАВОДКОВЫХ 
И ПРОРЫВНЫХ ВОЛН ДЛЯ ОБОСНОВАНИЯ ЗАЩИТНЫХ МЕРОПРИЯТИЙ

Аннотация: Статья посвящена разработке методики моделирования речного потока. В данной 
работе рассматриваются возможные подходы моделирования течения жидкостей. Проведен анализ 
недавних наводнений и мероприятий по защите сельскохозяйственных земель от затопления на 
основе компьютерного моделирования распространения паводковых и прорывных волн. Пpивeденныe 
pазличныe npимеpы оказывают, чтo cамым oптимальным cпоcобoм пpедотвpащения ^оры ва  
гидpотеxничеcких cооpужений являeтся тстоянный автoматизиpованный мoнитopингуpовня вoды. 
Данная инфopмация вт след ^ви и  иcпользуeтcя для щогнозщования аваpийнoй ттуации.

Ключевые слова: наводнение, паводковые и прорывные волны, компьютерное моделирование, 
турбулентная гидродинамика, cиcтемa мoнитopингa, зaщитa тeppитopий oт зaтoплeния

140



ФИЗИКО-МАТЕМАТИЧЕСКИЕ И ТЕХНИЧЕСКИЕ НАУКИ

In tro d u ctio n
In recent years, the world has seen an increase 

in the number and extent o f  flooding and the as­
sociated social and econom ic losses. Currently, 
floods as a natural disaster cannot be entirely pre­
vented everywhere, they can only be attenuated, 
localized and with tim ely warning of light to min­
im ize material damage. For example, flooding in 
different regions o f  the country in 2018 led to the 
death of crops on an area of several thousand hect­
ares. The situation was so critical that in the Central 
and Northern regions o f  Kazakhstan the authorities 
were forced to evacuate the population.

The m ost com m on m ethods o f  protection  
against flooding are the construction o f  dams. 
D u e to the considerable length o f  the protection  
objects for determ ining the parameters o f  pro­
tective structures, the use o f  numerical hydrody­
nam ic m odeling is prom ising. On its basis, the 
distribution o f  flood and breakthrough w aves is 
estim ated and the calculation o f  flood zones in 
the river va lley  is carried out.

The use o f  existing software to identify ar­
eas o f  potential flooding as a result o f  the passage  
o f  a flood or a breakthrough w ave is possib le  
only by h ighly qualified specialists using expen­
sive equipm ent, w h ile  their cost is quite high. At 
the sam e tim e, the applied m odeling techniques 
and software products do not offer an operation­
al solution to the problem s associated w ith the 
assessm ent o f  the consequences o f  catastrophic 
floods. D evelopm ent o f  express technology for 
m odeling flood and breakthrough w aves to ju s­
tify m easures to protect agricultural land from  
flooding is an important area o f  research.

B y express technology w e mean scientific 
activities that allow  us to quickly and effectively  
justify measures to protect agricultural land from  
flooding.

Currently, there are many exam ples o f  emer­
gency situations (ES) associated with flooding  
caused by the spread o f  flood and breakthrough 
w aves. A t this tim e in our country there is a task 
o f  protection o f  agricultural lands and settlements 
from flooding. F looding o f  agricultural land o c­
curs w hen large-scale floods are m issed, as w ell 
as other natural and man-made factors, such as:

• w ith the passage o f  extrem e costs, the 
reservoir m ay overflow  and disrupt the normal

operation o f  the discharge facilities, w hich  leads 
to water overflow  through the dam crest and the 
form ation o f  a blockage;

• due to the long service life, the main 
structures o f  the dam and hydrom echanical 
equipm ent can w ear out, w hich  can lead to the 
form ation o f  a b lock  in the dam;

• due to personnel errors related to the lack  
o f  m onitoring o f  hazardous situations and insuf­
ficient forecasting data on floods;

due to a possib le terrorist act leading to the 
destruction o f  the dam.

W e present som e cases o f  flooding that 
caused significant dam age to agricultural land 
and human settlem ents.

D ozen s o f  dead, thousands o f  injured and 
billions o f  tenge, “drowned” in the water. In re­
cent years, the arrival o f  spring in Kazakhstan  
is marked not only by the awakening o f  nature, 
but also by destructive floods. The flood problem  
is becom ing m ore acute. The situation w hen in 
various regions o f  the country populated areas 
literally go  under water has becom e the norm. 
A t the sam e tim e, budget funds are still used to 
elim inate the consequences o f  floods, instead o f  
preventing them. Kazpravda.kz correspondents 
recalled the m ost terrible leashes, found out 
what could happen this year, how  to act in case  
o f  flooding and what m easures are taken by the 
state to prevent and elim inate floods.

In Kazakhstan, a bus with schoolchildren  
w as washed o ff  the road by a flash flood. Video  
o f  the incident appeared on the network. In the 
video you can see how  the bus that has m oved  
down into the ditch is poured over the w indow s 
with stormy streams o f  m elt water. Rescuers on 
the boat rescue the bus passengers through the up­
per hatch.

The incident occurred on April 16 in San- 
dyktau district on the Atbasar-Kokshetau h igh­
way, betw een the v illages o f  B alkashino and 
M aksim ovka, reports sputniknews.kz. “The bus 
o f  m odel “PAZ” left D erzhavinsk w ith 10 ch il­
dren, accom panied by teachers to the event in 
K okshetau. On the road, the bus pulled out b e­
cause o f  the m eltwater overflow, the children 
w ere not injured, they w ere evacuated and placed  
in the school,” the p olice said.
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Figure 1 - Flood in Kazakhstan (April 2018)

F looding is a phase o f  the water regim e, 
w hich is characterized by an intense, usually  
short-term increase in discharge and water levels, 
and is caused by rain or snow m elt during thaws. 
The spring flood is a seasonal phenom enon, and, 
in fact, this phenom enon has lately been m ore or 
less im possib le to avoid.

In 2017, Akm ola, Aktobe, East Kazakhstan, 
Karaganda, Kostanay, Pavlodar and North K a­
zakhstan regions suffered the m ost from the w a ­
ter-related hazard. M ost o f  the 4715 evacuated  
people w ere taken out o f  A km ola (1340  people), 
Karaganda (1850) and A ktobe (1174) regions.

Severe flood dam age w as caused to the city  
o f  Atbasar in the A km ola region. The water flow  
there w as so strong that the dam that defended  
the city w as destroyed by a flood over 5 meters 
high. The water level on the first floors o f  Atbasar 
houses exceeded  1 meter.

Unfortunately, 2018  is no exception. Already  
in early March, alarming new s began to appear: 
residents o f  the v illage  Tuzdybastau evacuated  
the residents o f  the v illage  o f  Tuzdybastau in the 
A lm aty region, and the v illages o f  Ornek, Akyr- 
tobe, Teremuzek and M amai w ere flooded in the 
Zhambyl region. There w as a difficult flood sit­
uation in A km ola, East Kazakhstan, Karaganda 
and North K azakhstan regions.

Research methods. Attem pts to resolve the 
conflict betw een the need to use floodplain and

coastal lands and lo sses from possib le floods have  
been repeatedly undertaken by m any specialists. 
B ut so far this conflict has not been resolved. In 
order to so lve the problem  o f  the possib ility  o f  
using coastal lands, it is necessary to analyze the 
possib le dam age caused by floods. In agricultur­
al areas, the lo sses  caused by the flooding o f  ag­
ricultural land are especially  high due to annual 
floods. F looding causes dam age to crops, dam ag­
es various engineering and m elioration system s.

M odern problem s o f  land use require con­
trol and reliable forecast o f  the quality o f  land as 
a result o f  possib le em ergencies associated w ith  
flooding.

In the case o f  a flood or breakthrough w ave, 
the quality o f  the land deteriorates significantly. 
E ven a short-term rise o f  water in a river during a 
flood can cause flooding o f  coastal lands, w hich  
invariably entail significant lo sses associated  
w ith both possib le crop loss and deterioration o f  
land quality. In case o f  destruction o f  the pressure 
front o f  the dam, the m ost dangerous situation  
is observed. In this case, the resulting w ave o f  
breakthrough w ill cause huge damage, possib ly  
flooding not only agricultural but also land set­
tlem ents, w hich  w ill bring catastrophic damage.

A s m easures to prevent dam age caused by  
a possib le flood, it is necessary to carry out such  
engineering m easures as:

— m onitoring and regulation o f  flood flow  
o f  rivers using various engineering structures: 
w eirs, dams, strengthening o f  river banks, 
straightening o f  channels, etc.;

—  design and rational placem ent o f  infra­
structure elem ents and residential buildings in 
accordance w ith the potentially hazardous ar­
eas o f  possib le flooding; in areas w ith frequent 
floods, it is possib le to build houses on stilts, or 
transfer the first floors o f  buildings to non-resi­
dential premises;

—  ensuring the sustainability o f  work, 
taking into account the possib le occurrence o f  
em ergencies, important infrastructure elem ents: 
bridges, com m unication lines, etc.

A ll o f  the above flood control m easures re­
quire precise engineering justification. Often, 
huge expenditures are required, both material 
and temporary, to conduct such research. To con­
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duct a qualitative sim ulation o f  the breakthrough 
w ave in existing software system s, h igh-class  
specialists, expensive equipm ent are required, 
the cost o f  the software itse lf  is also high. A ll this 
requires huge financial investm ents, in turn, the 
available techniques do not offer a quick solution  
to the tasks.

It is worth noting that the main w ay today 
is the construction o f  embankment dams. The 
erection o f  embankment dams requires precise 
determination o f  the size o f  the dams them selves, 
since w hen they overflow  through them, the dams 
turn out to be washed away. It is necessary to ac­
curately determine the construction sites o f  the 
embankment dams, in order to prevent further 
spread o f  water. D u e to the fact that the cost o f  
building embankments directly depends on their 
length and height, it is necessary to optim ize their 
parameters. The m ost rational conclusion could  
be the use in the design and construction o f  shore 
protection means, the sim ulation o f  river flow  
to determine possib le areas o f  flooding. Further, 
based on the obtained sim ulation results, it is pos­
sible to calculate the parameters o f  embankment 
dams. Such calculations w ill a llow  to select the 
optimal parameters o f  bank protection m eans o f  
protecting territories from the effects o f  flooding.

The founder o f  m eliorative science in R us­
sia w as A .N . K ostyakov. In his fundamental work  
“Fundamentals o f  reclam ation” [1] he described  
the w ays o f  reclam ation o f  floodplains and flood­
ed low lands. The concept o f  soil degradation, 
including the influence o f  anthropogenic factor 
w as described in the works o f  A .A . Izm ailskyi 
and B .A . Shum akov [2]. In the works o f  B .A . 
Brudastov the m ethod o f  surface water drainage 
with the help o f  c losed  collectors w as described. 
[3] W orks o f  S.F. Averyanov on the m anagem ent 
o f  water regim e o f  reclaim ed lands, on the m eth­
ods o f  calculation o f  drainage for water drainage 
are w idely  used in the design o f  land reclamation  
m easures [4].

To so lve the problem  o f  m odeling flood and 
breakthrough w aves and substantiate m easures 
to protect agricultural land from flooding, the 
analysis o f  the literature describing possib le ap­
proaches to m odeling the flow  o f  fluids has been  
carried out.

Для реш ения задачи о получении зон  за­
топления в результате паводка возможны сле­
дую щ ие способы  получения результатов:

1. Physical m odels;
2 . Conduct analytical calculations;
3. Num erical simulation.
To date, it has been show n that it is only p os­

sible to determ ine the propagation parameters o f  
flood and breakthrough w aves using numerical 
computer sim ulation.

F lu id  f lo w s  are d iv id ed  in to  tw o  stro n g ­
ly  d ifferen t from  ea ch  other type: lam inar  
(sm o o th ly  ch a n g in g , reg u la r) and turbu len t 
(d iso rd ered ). In c a se s  o f  th e p rop a g a tio n  o f  
f lo o d  and breakthrough  w a v e s , th e f lu id  f lo w  
w ill  b e  turbulent.

P. Bradshaw (1971) [5] put forward the 
fo llow in g  definition o f  turbulence: “this is a 
three-dim ensional unsteady m otion in which, 
due to the stretching o f  vortices, a continuous 
distribution o f  ve locity  pulsations in the w a v e­
length range from the m inim um  determ ined by  
viscou s forces to the m axim um  determ ined by 
the boundary conditions o f  the flow  is  created. 
It is the normal state o f  a m oving fluid, w ith the 
exception o f  flow s at lo w  R eynolds num bers” .

The existence o f  laminar and turbulent flow  
regim es w as observed in the first h a lf o f  the 19th 
century, but the beginning o f  the theory o f  tur­
bulence w as described in the works o f  Osborne 
R eynolds (1883) [6 ]. R eynolds established the 
existence o f  a general criterion for the dynam ic 
sim ilarity o f  v iscou s incom pressible fluid flow s, 
the so-called  R eynolds number:

where: U  - characteristic speed, м/с; L —  charac­
teristic length scale in the current under consid­
eration, m; v  —  kinem atic v iscosity  coefficient, 
m 2/ s .

It has been discovered that i f  the R e number 
is sufficiently sm all, then the fluid flow  is lam i­
nar. W hen the number R e reaches the critical v a l­
ue, the fluid m otion becom es turbulent.

The first attempt to describe the processes o f  
m om entum  transfer in turbulent flow s belongs to
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B ou ssinesq  (1877) [6 , 7]. These ideas w ere devel­
oped in the w ork Prandtl (1925) [8 ]. The modern  
form ulation o f  the hypothesis o f  “locality” w as 
defined in the w ork o f  LG. Loitsyanskyi (1958)  
[9]. In R ichardson’s works, a cascade m echa­
nism  o f  energy transfer in a turbulent flow  is de­
scribed. (1922) [6 ]. Then in the works o f  Jeffrey 
Taylor (1935) [6 ] the concept o f  hom ogeneous  
and isotropic turbulence w as introduced. Later, 
Russian scientist Andrey N ik o laev ich  K olm og­
orov (1941) [10] m ade significant results in the 
creation o f  a holistic theory o f  loca lly  isotropic 
turbulence. Important studies o f  the sem i-em pir­
ical theory o f  near-wall turbulence w ere m ade in 
the 50s in the works o f  E.Van D rist (1956) [11] 
and F. Clauser (1956). A n important role in the 
developm ent o f  the theory o f  turbulence, based  
on the use o f  equations for the second m om ents, 
w as played by the w orks o f  A .N . K olm ogorov  
(1942) and Prandtl-W eghardt (1945), in w hich  
a hypothesis w as put forward, w h ich  relates the 
coefficien t o f  turbulent v iscosity  and the kinetic  
energy o f  turbulence. Recently, alternative ap­
proaches for m odeling turbulence have been ac­
tively  developed. Thus, direct numerical sim ula­
tion (D N S —  D irect Num erical Sim ulation) w as  
formulated. O f the works that describe the re­
sults obtained by this m ethod are W. Schumann, 
G. Gretzbach, L. K leiser (1984), [12]). (1984), 
[12]). D ue to the lim itations o f  the m ethods o f  
direct num erical sim ulation (D N S ) o f  turbulent 
flow s, the m ethods o f  large eddy sim ulation  
(LES-m ethods) have been developed. The main  
idea o f  the LES m ethod is a formal mathematical 
separation o f  large and small structures by m eans 
o f  som e operation. M ain works in this area: F. 
Durst, B .E . Launder (1982), J. Ferziger (1977)), 
Sm agorinsky (1963, 1971) [6 ], (D . Lilly, 1967).

Then, a n ew  approach to m odeling turbulent 
flow s w as the m ethod called - D etached Eddy 
Sim ulation (D E S), (work o f  M .H. Strelete, F. 
Spalart (U SA ), etc. (1997). Recently, com bined  
LES - D E S m ethods for m odeling turbulent flow s  
have also been developed.

Currently there is a w ide variety o f  algo­
rithms and programs. D u e to the rapid growth o f  
computer technology, the calculation speed has 
increased markedly, w hich allow s for high-qual­

ity m odeling. But it is worth noting that in re­
al-life tasks, it becom es m ore important to obtain 
high-quality raw data. Inaccuracy o f  such data 
can m inim ize the advantage o f  using com plex  
computer m odels. The m ost w ell-know n and 
applied in practice are the programs: M IKE 11, 
developed by the D anish Hydraulic Institute and 
H EC -R A S, developed by the U S Department o f  
D efense. The H EC-RA S software package allow s 
one-dim ensional m odeling o f  river flow  and can 
be applied to rivers and canals. Software product 
M IK E 11, allow s sim ulation o f  hydrodynamic 
processes such as dam destruction, breakthrough 
and flood w aves, sedim ent transport and others. 
The M IK E 11 m odule m akes it possib le to find 
solutions to the im plicit Abbott finite-difference  
schem e based on one-dim ensional Saint-Venant 
equations.For tw o-dim ensional m odeling o f  river 
flow, the software package M IKE 21 w as created.

The advantages o f  software system s are that 
they have a user-friendly interface, and the m od­
els used have a sufficient degree o f  reliability. 
The disadvantages include the high cost o f  soft­
ware products and the com plexity o f  setting the 
initial data for the sim ulation

A m ong the Russian programsfor river flow  
m odeling should be noted a series o f  programs: 
“H Y D R A ”, “W AVE”, « ^ d r o  Grash», devel­
oped by the CJSC Research and design center o f  
R isk  research and Safety Expertise, as w ell the 
Programs developed at the Scientific research In­
stitute o f  energy structures under the guidance  
o f  A .N . M iliteev, V.V. B elikov, S.Ya. Shkolnikov. 
A lso  worth m entioning is the RIVER program  
developed by A .N . M iliteev, V.V. B elikov, V.V. 
K ochetkov, designed to calculate the costs, lev ­
els and zones o f  flooding on the basis o f  its ow n  
algorithm for the jo in t solution o f  the one-dim en­
sional Saint-Venant equation and the continuity  
equation.

W hen a w ave propagates along a flood plain, 
the use o f  one-dim ensional Saint-Venant equa­
tions is inefficient, and tw o-dim ensional equa­
tions need to be solved. A  sim ulation based on 
so lv ing  tw o-dim ensional Saint-Venant equations 
is represented by the “B O R ” program created by 
V.V. B elikov, w hich  allow s for calculations o f  
flood currents in rivers and river valleys.
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It should be noted that the use o f  three-di­
m ensional m odels is required to obtain an accu­
rate picture o f  the fluid m otion in the sim ulation  
o f  a breakthrough w ave or a flood w ave near the 
structures. Num erical sim ulation requires the 
solution o f  three-dim ensional N avier-Stokes ev o ­
lution equations. This approach is im plem ented  
in L os A lam os Lab F low 3D  software package. It 
is also possib le to carry out numerical 3D  m od­
eling in the software package A psus 14, devel­
oped by the A m erican com pany A N S Y S  Inc. It 
is worth noting about the software product F low  
V ision  from the developed. It a llow s to so lve var­
ious hydrodynam ic problem s, including three-di­
m ensional stationary and unsteady flow s o f  com ­
pressible, w eakly  com pressib le and incom press­
ible fluid using different turbulence m odels.

Thus, all existing software system s can be 
divided into one-dim ensional, tw o-d im ension­
al and three-dim ensional. Num erical sim ulation  
in the one-dim ensional and tw o-dim ensional 
cases greatly sim plifies the m odel under study 
and does not provide a com plete picture o f  the 
processes occurring during the propagation o f  
a breakout w ave or a flood w ave, w hich  w ill be 
shown below . Thus, the use o f  three-dim ensional 
numerical sim ulation w ill be m ost accurate for 
the calculation o f  flood and breakthrough w aves.

In m ost cases, the basic system  for hydro­
dynam ic m odeling is the three-dim ensional sys­
tem  o f  N avier-Stokes evolution equations. The 
problem o f  river flow  m odeling is an important 
issue. Currently, there is no single solution for 
forecasting river flow. The constant aspiration to

sim plification o f  m ethods leads to a loss o f  qual­
ity in results o f  a research. But m ore com plex  
m odels require m ultiple observations, w hich  are 
often not available, so w e  have to sim plify the 
m odels. O ne-dim ensional m odels o f  river flow  
sim ulation can be used only for preliminary cal­
culations. For a m ore accurate study, h igher-level 
m odels should be used.

Conclusion. The paper shows that it is pos­
sible to determine the propagation parameters o f  
flood and breakthrough w aves only with the use 
o f  numerical computer simulation. All considered 
methods do not allow  to receive quickly initial data 
for justification o f  flood control measures and de­
mands considerable material and time resources. 
Thus, it is obvious that it is necessary to create a 
simplified technology for engineering substantia­
tions o f  flood control measures that are comparable 
in terms o f  the reliability o f  obtaining results with 
existing ones, but at the same time have an advan­
tage in speed o f  m odeling and ease o f  implementa­
tion. The technology should, with a minimum set 
o f  initial data, make it possible to simulate the prop­
agation o f  a flood w ave or a breakthrough wave, the 
results o f  which provide a two-dimensional map o f  
the study area with flood zones ranked by depth, as 
w ell as other parameters characterizing the propa­
gation o f  waves.

This research has been conducted at the ex ­
pense o f  the grant financing o f  scientific research 
for 2 0 1 8 -2020  under the project А Р 05131027  
“D evelopm ent o f  biom etric m ethods and infor­
m ation protection too ls”
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