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The article examines variations in hydraulic processes in urban water supply networks and associated
facilities. The findings may inform the design and optimisation of water supply systems and contribute to
improved operational efficiency. Hydraulic processes occurring in urban water supply networks over the
past three years were analysed, and an algorithm was developed based on the results.
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Introduction

Ensuring a continuous supply of high-quality drinking water is a pressing social and
engineering challenge worldwide. Population growth and urban expansion are increasing water
demand, while climate change and limited water resources are reinforcing the need for efficient
use of available water sources. Meanwhile, ageing water supply networks, pipe failures, and
shortcomings in operational control are contributing to increased water losses and energy
consumption [1]. Under these conditions, improving the operational efficiency of existing water
transmission and distribution networks through digital technologies is of considerable
importance [2].

Hydraulic conditions in water transmission and distribution networks depend on temporal
variations in water demand, pump operating regimes, water levels in storage tanks, and the
hydraulic resistance of pipes. If the interactions among these factors are not adequately
accounted for, excessive pressure may develop in some parts of the network, while insufficient
pressure may occur in others. Excessive pressure increases leakage through existing defects,
whereas insufficient pressure limits the delivery of the required quantities of water to
consumers [3]. Therefore, it is essential to develop mathematical models that account for
varying network operating conditions and to validate them against operational measurements
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[4].

Hydraulic modelling and digital monitoring tools enable the analysis of temporal variations
in pressure, flow rate, and flow velocity, the identification of problematic network sections, and
the assessment of alternative control scenarios [5]. In particular, a model developed using
EPANET can be used to investigate interactions between pumps and the network, compare
calculated values with field measurements, and select efficient operating regimes [6]. The
practical value of such a model depends on how accurately it represents actual operating
conditions and how effectively it supports operational decision-making [7].

Calibration of network models has developed from manual adjustment of pipe roughness
coefficients to formal optimisation and Bayesian procedures [8]. Joint estimation of nodal
demands and pipe roughness from field measurements has also been formulated as a real-time
problem [9], and online models that combine EPANET with streaming measurements through
data assimilation have been demonstrated for operational networks [10]. In Uzbekistan,
EPANET has been applied to the management of water supply systems [11], hydraulic processes
have been modelled for the Nurafshon water supply network [12], and the repair of pressure
pipelines with polymer composite materials has been examined as a means of reducing failures
[13]. However, such models are usually calibrated off-line, and the Hazen-Williams coefficient
is kept constant between calibration campaigns, so the model gradually departs from actual
operating conditions. The aim of this study is therefore to develop an algorithm that updates the
Hazen-Williams coefficient adaptively from real-time measurements and to validate it against
field data from an urban water supply network.

Materials and Methods

The water supply network was modelled using the Hazen-Williams equation [14]. The
continuity equation was applied at each node to ensure a balance between inflows, outflows,
and water demand, accounting for real-time variations in nodal demand, and the resulting
system of nonlinear equations was solved by the gradient method implemented in EPANET [15].

YernySu Q@ (0) + q;(6) =0 (1)

Q,(t) - time-dependent flow rate in the pipe. g;(t) - nodal water demand [m3/s], i -
node index, | - pipe index, S;; € {—1,0, +1} coefficient indicating the flow direction.

The energy balance across a network element was formulated using Bernoulli equation,
with the piezometric heads expressed as follows.

Hi(t) - Hj (t) = hl,ij (Qij(t)) + hmahalliy,ij(t) + Hnasos,ij (t) (2)

The Hazen-Williams equation was used for hydraulic modelling of water transmission
networks because it enables rapid computation, facilitates model calibration, and is compatible
with EPANET [16]. Its differences from the Darcy-Weisbach and Chézy-Manning formulas in
modelling water supply systems were taken into account [17], as was an improved form of the
equation proposed for pressurised flow [18].

L
c1.852p4.871

hi'" (Q) = 10,67 Q12 (3)

The head added to the network by the pump was expressed as a polynomial function of
flow rate to simplify the representation of the manufacturer’s characteristic curves. This
formulation allows the pump head to be incorporated directly into the energy balance in Eq. (2)
and enables the use of Newton’s method. Identifying the time-dependent coefficients a (t)
from real-time measurements accounts for factors such as pump rotational speed, valve settings,
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and wear. Consequently, the pump model adapts to operating conditions, improving the
accuracy of network simulations.

hnasos(af t) = Qo(t) + al(t) Q+a, (t) Qz (4)

1000 hf'l . 10670

Head loss per unitlength jy(t) = ——= = es e [Q(O* (5)
l l l
J1(t) head loss per unit length m/km L; - m
j1(t) L
Hence, the head loss in the pipe section is expressed as hf,l (t) = % (6)

hf,l(t) - head loss per unit length in these pipe sections, m/km, i.e., the head loss per

kilometre of pipe.
The actual resistance coefficient for each pipe section was determined from field

measurements [19].
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Figure 1. Algorithm for implementing Eq. (7) in Python.

Results
Accuracy of the hydraulic model under real-time operating conditions was assessed by
comparing measured and simulated values over a 24-hour period.
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Figure 2. Pressure variations at network nodes.

The results show close agreement between the measured pressure heads, H_meas, and
those calculated using the numerical model, H_sim. The observed and simulated values exhibit
similar overall trends and temporal variations, supporting the model’s ability to represent actual
hydraulic behaviour. Minor discrepancies observed at certain nodes during specific periods may

be attributed to transient pressure fluctuations and variations in consumer demand. Overall, the
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close agreement between simulated and measured values indicates that the proposed approach
provides a basis for real-time pressure prediction and control in the water supply. Under actual
operating conditions, discrepancies between calculated values and field measurements arise
from factors such as changes in the number of consumers, temporal pressure fluctuations, and
uncertainty in the hydraulic gradient. These factors reduce the accuracy of hydraulic analyses
and hinder effective water distribution management. A new approach was developed to address
this problem. The proposed algorithm introduces an adaptive coefficient that is updated using
real-time measurements. This coefficient converts the Hazen-Williams equation into an
adaptive formulation, allowing simulated flow rates and pressure heads to be adjusted to better
match measured values.
The new coefficient is expressed in the following general form:

k@) = f(P(O),V(®),Q(®) (8)

The algorithm processes real-time measurements supplied to the EPANET model and
dynamically updates the Hazen-Williams coefficient (C) [20]. The procedure begins with the
input of the initial operating parameters.

Field measurements often contain random fluctuations in flow rate or pressure. To reduce
these fluctuations, a moving average filter is applied to the most recent (n) measurements. The
resulting smoothed values are then passed to the subsequent stages of the algorithm [21].

&@=%zxw4wu(m®
i=0

A low-pass filter allows slowly varying, smooth signal components to pass while

attenuating or eliminating high-frequency fluctuations and noise.
Y)=axXt)+ (1 —-—a)*xY (t—1) (8

In water supply networks, signals typically represent time-varying measurements of
pressure, flow velocity, or flow rate used by the algorithm. These signals may contain high-
frequency noise, including second-scale fluctuations caused by sensor errors, electrical
interference, and pump pulsations, as well as slowly varying components.

Low-frequency variations include daily fluctuations in consumer demand. For example,
pressure may decrease substantially during the morning (07:00-09:00) and evening (18:00-
21:00) peak demand periods, while remaining relatively stable during the daytime. These
variations occur at a low frequency associated with the daily demand cycle and represent
meaningful changes in system behaviour rather than measurement noise.

Changes in the volume of water stored in a water tower or reservoir also contribute to low-
frequency pressure variations. Gradual rises and falls in water levels within these facilities
produce slowly varying pressure signals in the network. Extended operating periods and
automatic shutdowns several times a day may also cause slow pressure fluctuations. In addition,
gradual changes in the hydraulic gradient associated with reduced water demand in a particular
area may lead to a progressive increase in pressure.
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Figure 3. Algorithm for adaptive identification of the Hazen-Williams coefficient.

In the proposed algorithm, measured pressure, flow velocity, and flow rate data are
processed and filtered. The adaptive coefficient (k(t)) is then updated using the filtered data to
adapt the Hazen-Williams equation to actual operating conditions. Three variants of the
algorithm were examined and their results compared: linear correction, a relative-indicator
approach, and a measured-flow-based approach. In practical application, the third variant
achieved the highest accuracy because it uses measured flow rates directly for adaptation.
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Figure 4. Comparison of measured and modelled flow rates in an urban water supply
network.
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Figure 5. Comparison of measured and simulated pressures in the water supply network.

Discussion

The close agreement between measured and simulated pressures and flow rates supports
treating model parameters as time-varying quantities rather than values fixed after a single
calibration. Unlike off-line calibration, in which the Hazen-Williams coefficient is adjusted
periodically, the proposed algorithm updates it continuously, which is consistent with the data-
assimilation approaches discussed in the Introduction. Changes in the coefficient over time can
reflect physical processes in the pipes, such as internal corrosion and deposit formation
associated with residual chlorine [22], so tracking the adaptive coefficient may also serve as an
indirect indicator of pipe condition. The approach can further be combined with water quality
models, for example models of sodium hypochlorite dispersion in transmission pipelines [23].
The main limitations are the dependence of the adaptive coefficient on the number and
placement of measurement points and the risk that the coefficient absorbs errors in demand
allocation rather than true changes in pipe roughness.

43 | INNOVATIVE: INTERNATIONAL MULTI-DISCIPLINARY JOURNAL OF APPLIED TECHNOLOGY  www.multijournals.org


http://www.multijournals.org/

Conclusion

An algorithm for analysing and controlling hydraulic processes in urban water
transmission and distribution networks was developed and validated under urban water supply
network conditions. Comparisons between calculated results and field measurements
demonstrated the algorithm’s ability to assess hydraulic conditions within the network.
Operating regimes selected using the algorithm reduced uneven pressure distribution in
problematic sections and improved the alignment of water flows with consumer demand.

The developed algorithm enables the prediction and analysis of variations in pressure, flow
velocity, and flow rate in each network section under different operating regimes. This supports
the identification of sections susceptible to insufficient or excessive pressure, the selection of
optimal pump operating regimes, and informed operational decision-making.

The findings demonstrate the potential of the algorithm to improve the operation of urban
water supply networks. Integration with a monitoring system could enable regular assessment
of network conditions, support measures to reduce water losses, and promote efficient use of
water and energy resources. Furthermore, updating the adaptive coefficient using operational
measurements allows the model to account for changing hydraulic conditions and improve
agreement between simulated and observed values. This provides a basis for identifying
deviations from expected network behaviour and assessing corrective actions. Future research
should evaluate the algorithm across networks with different configurations and demand
patterns, assess its robustness to measurement uncertainty, and examine its suitability for
integration with automated control systems.
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