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CLASSIC AND MODERN METHODS OF WATER FLOW
CONTROL IN OPEN NATURAL CHANNELS

In this study an analysis and classification of water flow management
methods in open natural channels is presented taking into account the
characteristic of hydraulic processes and operating conditions. Theoretical
fundaments of water flow regulation, classic methods of water flow and
level control and retaining method as the most sustainable methods of
forming hydraulic regime are also reviewed. The limitations of conventional
approaches in conditions of nonstationarity, variability of tributaries and
uncertainty of hydraulic process are analyzed. The necessity of transition
to intellectual control systems based on combinations of classic hydraulic
control systems, mathematic modeling and modern methods of control theory
is substantiated. The retained method is considered not only as conventional
hydraulic method, but also as perspective base for construction of adaptive
and predictive controlling water flow regime algorithms in complex water
management and hydropower systems. Received results can be used in
designing, modernization and digitalization of water resources control
systems. Practical significance of the study lies in the possibility of applying
the findings in the development of automated monitoring system, decision
support and management of water management facilities. Suggested
approaches contribute to increasing of regulation reliability, reducing
water losses and sustainability of hydrotechnical systems functioning.
These approaches create preconditions for Implementation of intellectual
technologies in practice of water resources management on various levels
of management systems.
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Introduction

Water resources play a vital role and, in several cases, play a decisive role in
energy. All main industrial enterprises were placed near to natural water resources.
Rivers, artificial distributive and irrigational networks are necessary energy sources
in water infrastructure in our country. The problems of effective water flow control
in such systems are paramount in ensuring sustainable water and energy supply.
These issues become especially crucial in moment of flood process regulation and
agricultural lands irrigation during drought periods. Regulation and protection of
ecological balance of water resources, the issues are regulated by the law, that’s
why water flow regulation is becoming a priority today [1;2].

For the energy sector water flow regulation in open channels affects the
operation of process equipment. Thus, work efficiency of hydro electrical station
depends on hydraulic structures. The amount of water, directly used to generate
energy, affects the sustainability of energy system, using open water resources.

Kazakhstan plans to increase the share of renewable energy sources, which
creates a need to increase the flexibility of energy systems using intelligent
management of hydraulic regimes of water resources.

The problems of water flow control, commonly, solved on the classic
hydraulic methods, developed in fundaments of theory of open channels flow and
practice of operating of hydraulic structures. These methods focused on maintain
the given level of water or flow rates using local regulating structures [3].

However, in modern exploitation conditions of water management systems
characterized with the uncertainty increase, associated with variability of tributaries
uneven water consumption and impact of climate factor. These factors lead to
decrease of conventional methods of control and necessitates their revision and
development based on intelligent approaches.

In Kazakhstan, issues of rational use of water resources occupy a key place in
public administration. The Concept of Water Policy of the Republic of Kazakhstan
for 2024-2030 emphasizes the need for digitalization of water management, the
implementation of automated control systems and intelligent solutions for water
monitoring and distribution [4]. In the Address of the President of the Republic of
Kazakhstan “Kazakhstan in the Era of Artificial Intelligence: Current Challenges
and Their Solutions through Digital Transformation” dated September 8, 2025,
Kassym-Jomart Tokayev noted the acute water shortage and significant losses
in existing canals, sometimes reaching 50-60 %, outdated water metering and
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control systems, as well as the need to implement digital technologies and artificial
intelligence for effective management of the water sector [5].

Understanding and analyzing classic hydraulic methods that form base
of regulating water flow and level of water in open channels is the key step in
developing effective approaches to modern water flow management.

Materials and methods

The description of unsteady water flow in open channels has been a great of
interest to engineers. Saint-Venant, French engineer, developed a set of hyperbolic
nonlinear partial differential equations accurately describing the one-dimensional
dynamic of unsteady flows in open channels.

The movement of water in open channels described by Saint-Venant’s
unsteady flow equations, presenting as the system of differential conservation
of mass and momentum equations. These equations are taking into account the
changes in flow rates, water level and flow velocity in time and space, allowing
to analyze in both steady-state and transient regimes.

When deriving the Saint-Venant equations, the following assumptions are
typically made:

— the flow is one-dimensional, meaning the velocity is uniform across the
entire cross-section, and the water level in the cross-section is horizontal;

— the curvature of the streamlines is small, and vertical accelerations are
negligible, resulting in hydrostatic pressure;

— the effects of boundary friction and turbulence can be accounted for using
resistance laws similar to those used for steady-state flow;

— the average slope of the channel bed is small, so the cosine of the angle
between the bed and the horizontal can be taken to be equal to unity;

— the change in channel width along the x-coordinate is small.

Theoretical description usually assumes the absence of distributed lateral
inflows and outflows, allowing for more general and representation to present
the dynamics of lateral flows. However, in real hydraulic systems the presence
of the lateral inflows and outflows is typical phenomenon, so the Saint-Venant
equations and corresponding analysis methods can be generalized taking into
account additional sources and drains of water, which

On the picture 1 the water flow in open channel along the longitudinal x-axis
are depicted. The cross-section of the channel, direction of the flow, average flow
rate V(x,t) and water flow Q(x,t) through the cross-section A(x,t). The flow rate
is defined as Q(x,t)=A(X,t)V(X,t).
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Figure 1 — Flow measurements in an open channel along the flow (longitudinal
axis — abscissa X)

Continuity equation (conservation of mass):
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Equation of momentum (conservation of momentum):
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where x is the longitudinal coordinate, t is time, A(x,t) is cross-sectional area of
the flow (m?), Q(x,t) is flow rate through section A (m?/s), V(x,t) is average speed in
section A (m/s), Y(x,t) is water depth (m), is hydraulic slope (friction slope), is bed
slope, g is acceleration due to gravity (m/s?).

Using Saint-Venant equation allows for an adequate description of flow dynamics
in open channels, however their practical application in operational control problems
requires significant computational resources and precise specification of model
parameters. Therefore, simplified empirical relationships are widely used in engineering
practice to analyze steady-state conditions and develop control methods [7].

The friction angle is modeled using the classical Manning formula:

. _ Q'nt
o R 3)

where n — Manning’s coefficient , R — hydraulic radius, defiend by R=A/P
along the wetted perimeter ratio.

The variables in this section of channel are depicted in figure 2. These models
widely used by civil engineers and hydraulic engineers. Also, these models
precisely describe flows if they are given taking into account the geometry and
operating conditions of the channels.
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Figure 2 — Flow measurements in an open trapezoidal channel, cross-section.

The given dependences shows that water flow management can be
implemented by changing the level of water, flow slope or channel capacity,
flow slope or channel capacity. These are the principles upon which classical
management methods used in open channels are based.

In general, the classic methods of water flow management in open channels
are based on management of basic hydraulic parameters: flow rate, water level, and
hydraulic gradient. These methods developed within the framework of traditional
hydraulics and for a long time formed the basis of water management practices.

It is noticeable that in real open channels included in Saint-Venant equation
and Manning formula are subject to significant uncertainty. The coefficient of
roughness of the riverbed, the form of the cross cross-sectional area and the
actual hydraulic slope may change over time due to siltation, channel overgrowth,
seasonal fluctuations of water levels and anthropogenetic factors.

Classic methods of management essentially come down to regulation of
geometric and energy flow characteristics, excluding distributing dynamics and
predicting traits of hydraulic systems. Under these circumstances the efficiency in
unsteady conditions and variability of hydraulic processes are limited, necessitating
the development of intelligent approaches to water flow management.

Classic water flow control methods.

Flow control (Q-control) involves setting the desired water flow rate and
regulating the flow capacity of the channel using hydraulic structures such as
gates, stopcocks, segmental valves, and adjustable weirs. This method is widely
used in water intake and distribution systems where a specified volume of water
must be supplied to the consumer. Its main advantage is its ease of implementation
and the ability to directly control flow. However, Q-control is highly sensitive to
changes in water levels and hydraulic conditions and does not take into account
the inertia of long open channels.

Water level control (H-control) is based on maintaining a set water level
in a control section of the channel. Changing the water level indirectly changes
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flow rate, which helps stabilize the flow regime. A distinction is made between
control based on the upstream level and control based on the downstream level. In
practice, float regulators, automatic weirs, and constant-pressure devices are used.
This method is characterized by relative stability and ease of automation, but its
main drawback is the localized nature of the effect and the inability to precisely
control flow under transient conditions.

The backwater method of water flow control is based on creating an adjustable
backwater by changing the tailwater level. This creates a predetermined hydraulic
gradient in the channel section, ensuring stable water flow over a long section.
The backwater method is widely used in canals with a low longitudinal slope
and is characterized by high hydraulic stability. However, it is characterized by
significant inertia due to the propagation of wave processes in the open flow, which
complicates operational control during sudden changes in water consumption.

In the basis of presented we can make a conclusion, that the most effective
management in the condition of using water intake units of local areas is managing
by flow rate, because of its simplicity in implementation with direct control of
water supply, but due to high sensitivity to fluctuations, it reacts on inertial of flow.
A more stable regime is achieved with water level controlling, which simplifying
automatized system and gives opportunity to use indirect control. This type of
control is more efficient to use in channels with constant operating conditions. The
backwater method of controlling water flow creates a stable regime on extended
sections and simultaneously reduces sensitivity to random local disturbances, but
will result in a delay in control.

Results and discussion

Development of automatization and computing technology significantly
changed the way to water flow manage in open channels and water management
systems. Modern control methods are based on mathematical models of hydraulic
processes, real-time monitoring systems, and control theory algorithms, which
improve the accuracy and stability of regulation.

A more efficient methods is considered as adaptive systems of control,
predictive control based on models and intellectual methods, using elements
of unclear logic and neural networks. These approaches take into account
the nonlinear character of hydraulic processes, unsteadiness of flow regimes,
uncertainty of channel parameters and influence of external disturbances. As the
result the higher accuracy of water flow regulation and reduction of resources.

Analysis of scientific indicates, that model-oriented methods of control
significantly improving the performance indicators of water management systems.
The use of predictive control reduces deviations in water flow and levels of water,
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and adaptive methods improve the dynamic characteristics of the system and the
efficiency of water resource distribution.

Classic methods of water flow controlling have the limitations: low adaptivity,
local nature of regulation, absence of predictive mechanisms and insufficient
consideration of the dynamics of extended hydraulic structures. In modern water
management systems these limitations become crucial.

The transition to intellectual systems of management, combined with the
classic hydraulic principals with the methods of data analysis, optimization
and machine learning is a pressing issue. The use of described above ensures a
comprehensive accounting of dynamic properties of processes, enlarging efficiency
of water flow control and sustainable functioning of water management systems.

The results of analysis confirms that the implementation of modern methods
of water flow control is perspective direction, ensuring the growth of efficiency,
reliability and adaptivity of water management systems.

Conclusions

Based on the analysis and classification of water flow regulation methods
in open natural canals, it can be concluded that classical control methods and the
backflow method retain practical value. However, they have limitations related to
their low adaptability to changing conditions, the local nature of regulation, and
the lack of a predictable hydraulic regime.

The proposed approach to the intelligent development of classical methods
allows the backflow method to be considered not only as a traditional method of
water flow regulation but also as a fundamental platform for building modern
intelligent open canal control systems.

The combination of the backflow method with modern data processing,
parameter identification, and adaptive and predictive control opens up opportunities
for improving the accuracy of water distribution, reducing water losses, and ensuring
stable system operation under non-stationary and uncertain hydrological processes.

Future research can focus on optimizing intelligent control algorithms
and integrating them into real-time monitoring systems, which will enable
the development of fully automated and highly efficient water resource
management systems.

The results achieved are of great importance not only for water resource
management systems, but also for hydropower, since improving water flow
regulation methods will increase the efficiency of hydroelectric power plants,
the reliability of hydraulic structures, and the stability of energy systems under
changing hydrological conditions.
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AIIBIK TABUTU APHAJIAPAAYBI CY IIBIFBIHBIH
BACKAPY/JbIH KJJACCHUKAJIBIK )KOHE 3AMAHAYHU 9ICTEPI

Ocvl Makanaoa 2u0pagiuKanbik yoepicmep MeH KOI0aHy #caz0auniapbit
eckepe omblpbln, Aulblk Mmabuau apHaiapoazsl cyobly Wbl2blHbIH bacKapy
mocindepin manodan, xcikmey ycuvlHbli2zaH. [Jocmypiai 90icmepoin
wexkmeynepi e3zepmei, mypaxcoi3 2UOPOIOSUAIBIK, yOepPICeD Hca20atiblHOA
Kapacmuipeiizan. Knaccukanvix eudpasiukanviy Kasuoaiapovl, coHoal-
aK MamemamuKanelk Mooeib0eyoi JdcoHe Kazipei 3amanavl backapy
MeopusCHIHbIY HCONOAPLIH DIpIKMIpemin UHmMeLleKmyaniovl 6ackapy
Jrcytienepine ayvicy Kasicemminiei 0onendeneen. beeem odici cy asvicmapuin
baxvlian pemmeyoi MeopusnblK Hezizoepi, cy Oeneelli MeH a2blHObl
acvipyobly KAACCUKALIK MOCinoepi, COHbIMeH Kamap 2UOpasiuKaiblk,
pemminikmi Kaislnmacmulpyodabl eH HOmudiceni Hcoaroapoviy 0ipi
boavin cananaovl. Maxanada 6yn a0ic docmypai euOpasIuUKAIbIK 90ic
peminde eana emec, COHOAU-AK KeWeHOI Cy Wapyauibliviebl HCOHe
2UOPOIHEP2EMUKANBIK, MOPANMApOadzbl Cy azblHOAPbIHbIY PercUmMoepin
0012#caMObIK aneopummoepoi Kypyaa apHaizau 6onaulazvl 30p Heeis
peminde Kapacmuipvliaodvl. I uopasnuxanwix yazinepdi oepexmepoi manoay
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JHCOHE OHMAUNAHObIPY2A APHANRAH UHMENNEKMYAI0bL ale0PUMMOePMeEH
Kocy MyMKiHOIkmepi kepcemineen. Kon dcemkizineen nomuoicenep cyovl
backapy oskcytienepin HCOCNApaay, Hayapmy HcoHe Yudpianovipyoa
nanoanianvliybl MymMKin. 3epmmeyoiy npaKmuKaiblk Maybl30blLibl2bl
ABMOMAMMAHOBIPBII2AH OAKbLIAY, Wewim Kabblioayovl KOLOAy HCOHe
CY Wapyaublivlebl HblCaHOApblH 6AcKapy Mmopanmapuli o3ipney Ke3inoe
KOIO0aHyaa MyMKIHOIK OepeOi. ¥ colHbiiean 90icmep cy Wbl2blHbIH asalmyead,
pemmeyOiy ceHimOiniein apmmulpyad, COHOAU-AK 2UOPOMEXHUKANBIK,
Jcytienepdiy mypaKmolibleblH KAMMAMACHL3 emyee blKnal emeoi.
Ocbl mypavidoa b0yn uHmeniekmyaniovl 6acKapy mexHoL02UsLapobl Cy
pecypcmapein dackapy Jcytienepiniy opmypii camviCbihOd Koaoanyad
Hezi3 601a0bl.

Kinmmi cesdep. awix apuanap, cy uibieblHbl, a2ulHobl 6ackapy,
becem 90ici, aublK apHAIap SUOPAGIUKACDL, UHIMELLeKMYaiobl 6acKkapy,
2UOPOIHEP2EMUKA, IHEPLEMUKANLIK JCyllenep.

*V. K. JKaimaeambemosa', A. Mocas?, J]. A. Omepbaesa’
3TopaiireipoB yHuBepcutet, Pecriybnnka Kaszaxcran, r. [TaBnogap;
*Yuusepcurer O0yaa, Beurpus, r. By nanerr.

IMoctynuno B penakuuio 01.04.26.

Ioctynuno ¢ ucnpasnenusimu 14.04.26.

IIpunsTo B neuars 22.05.26.

KJACCHYECKUE U COBPEMEHHBIE METO/bI YITPABJIEHUSA
PACXOJ0OM BOJbI B OTKPBITBIX
ECTECTBEHHBIX IPOTOKAX

B dannoii cmamve npedcmasnen ananus u knaccuguxayus Menmooos
VAPABNEHUs. PACX000M 800bl 8 OMKPbIMbIX eCMECMEEHHbIX NPOMOKAX
¢ yuemom ocobenHocmell 2uOpPAGIULECKUX NPOYECCO8 U YCA08UIlL
axenayamayuu. Oepanuyenuss mpaouyUOHHbIX MEMo008 NPedyCMOMpeHbl
8 YCIOBUAX U3MEHYUBHIX, HEYCMOUUUBHIX SUOPOLOSULECKUX NPOYECCOs.
Hoxazana neobxo0umocms nepexooa Ha UHMELIeKMYATbHble CUCTHEMbL
VAPasIeHus, codemaroujue 8 cebe Kaccuyeckile 2UOpasIuiecKue NPUHYUnbI,
a makce MamemMamuieckoe MoOeIuposanie u nymu co8peMeHHoll
meopuu ynpagnerus. [loonopuuiii Memoo cuumaemcsi 0OHUM U3 Hauboiee
aghpexmugnbvlx 8 hopmuposanu 2uOpaAIULECKOU NOCIe008aMENbHOCMU,
HApPAO0Y ¢ meopemuyuecKuMy OCHOB8AMU Pe2yIUpPO8aAHUs KOHMPOIS
8000MOKO08, KIACCUHECKUMU NOOXO0AMU K NOBBIUEHUIO YPOBHS 600bl U
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cmoka. B cmamve OauHblll Memoo paccmampugaemes e moabko KaK
MPAOUYUOHHDBIL 2UOPAGTUYECKUL MEMOO, HO U KAK NEPCNEKMUBHAS OCHO8A
0J1 NOCMPOEHUS. NPOSHOCIUYECKUX AN2OPUMMOS PEHCUMOB B0OOMOKO
6 KOMNIEKCHbIX 8000X03AUCMEEHHBIX U 2UOPOIHEPLETNULECKUX CeMX.
Tlokazanvl 03MONCHOCMU NOOKAIOYEHUS 2UOPABIUYECKUX MOOenell ¢
UHMENTeKMYANbHLIMU AT20PUMMAMY OISl AHAIUZA U ONMUMUZAYUU
Oannvix. JJocmueHymule pe3yibmanvt Mo2ym Oblmb UCHOIb308AHbL NPU
NAAHUPOBAHUU, MOOEPHUZAYUU U OYUDPOBKE CUCEM YRPABIEHUsL BOOHbIMIL
pecypcamu. IIpakmuueckas 3HAUUMOCMb UCCAEO08AHUS NO3BOAAEM
NPUMEHAMb NPU PA3PAOOMKe Y3108 A8MOMAMUIUPOBAHHO20 KOHMPOJI,
NOO0EPHCKY NPUHATNUSA PEUWEeHULl U YAPAGIEHUs 8000X03AUCEEHHBIMIUL
obvexmamu. IIpednacaemvie mMemoobl cNOCOOCMBYIOM CHUNCEHUIO
pacxooa 800bl, NOBLIUEHUI) HAOEHCHOCMU Pe2yIUpO8anUs, a Maxice
obecneuenuio ycmouuugocmu cuOpoOmexHuyeckux cucmem. B amom
KOHMeKCHe 30 UHMENLeKMYalbHOe YAPAGIeHUe A8NAemCcsi OCHOBOU Osl
UCNONIb308AHUS MEXHOLO02UL HA PA3TUYHBIX IMANAX CUCEM YIPABTIeHUs.
B0OHBIMU PECYPCAMU.

Knrouesvie cnosa: omxpvimvle npomoxu, pacxo0 600bl, YRPasieHue
NOMOKOM, ROOROPHbBLI Memoo, 2UOPABIUKA OMKPLIMbLX KAHALOE,
UHMETIEKNY ATIbHOE YRPABTIEHUE, SHOPOIHEPSEIMUKA, SHEPSENUYECKUE CUCTIEMDI.
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