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1. Introduction

Water supply and distribution systems of municipal
water supply networks are the most power consuming
part of the city water supply system. That is why one
of the main directions of reducing power and material
consumption in water supply systems is to improve flow
distribution control in the networks [1-3].

The actual head in the network nodes should be as
approximated to the required one as possible. This is the
essence of optimization of the flow distribution control to
reduce the overall power consumption in the network. This
requires establishing a distinct relationship between the
system of collecting information and the system of feedback
with executive elements. That is why the substantiation of
the choice of the number and location of head control nodes
with regard to the zones of insufficient head during design-

ing the networks taking into consideration the changes of
hydraulic characteristics is promising.

The subject matter of the research is becoming increas-
ingly relevant due to the fact that a considerable part of
the water supply networks in the European countries,
including Ukraine, Poland, Slovenia, Croatia and others,
is constructed from steel piping, the throughput of which
varies over time as a result of the exposure to corrosive
processes [4-7]. That is why the presented recommen-
dations can be offered for using by public utilities of the
specified countries.

2. Literature review and problem statement

One of the main problems of flow distribution control
in water supply networks is ensuring the values of node




heads at the level of the required minimum. The problem
situations that occur during the operation of the networks
are related to the formation of the zones of insufficient or
excessive head. In the first case, it decreases the water
supply quality. In the second case, it becomes the cause
of the occurrence of irrational leakage and accidents in
networks.

The standard-technical documentation of the studied
problem is presented by the State construction standards
SCS B.2.5-74:2013 [8] and directive [9]. According to
this, the values of the required water head, which is rec-
ommended to maintain in water supply systems of con-
struction sites, were established:

H,=10+4(n-1), ©)

where 7 is the number of floors in a building.

The development of information technologies at the
modern stage contributes to deepening the exploration
of the hydraulic aspects of water distribution. Thus, it
is noted in paper [10] that the application of parameter
measurement in the on-line monitoring mode is a common
way of pressure control. Paper [11] gives the findings of
the research into application of the specialized City Com
platform to control the networks operation, which offers
extended opportunities for hydromodeling and inventory
of water supply networks. However, achievements in the
development of information technology are related to the
problems of storage, processing, and visualization of the
elements of a water supply system. Given a considerable
length of water supply networks, experts conclude the feasi-
bility of division of water supply networks into smaller sub-
systems — sectors, as specified in paper [12]. The main idea
of sectoring, according to experts [13], is the improvement
of operative control. Paper [14] focuses on the creation of
such measurement zones [14]. The method for reducing
total excessive heads in water supply networks by zoning
is explored in [15]. The popularity of the idea of creation of
such control zones is explained by the objective difficulties
associated with the regulation of heads in a large number of
nodes. Efficiency of application of the equipment to support
the minimum required head [16] in such local zones in-
creases. However, creation of such sectors needs additional
studies of the formation of zones with insufficient and
excessive heads with respect to changes of hydraulic char-
acteristics of water supply sections. The feasibility of mod-
eling such zones is proved by the conclusions of experts on
the application of active monitoring of the flow, pressure to
detect hidden leaks, presented in article [17]. Determining
the pressure control zones is needed when mounting regu-
lating valves to reduce excessive pressure, which is proved
by the findings of the research, presented in paper [18].

The greater the number of head control nodes in the
network, the more reliable the result about the distribu-
tion of the values of head in the network can be obtained.
However, considering the costs of the equipment of control
nodes, it is necessary to determine their minimum suffi-
cient number and the places of location in the network.
The option to overcome this problem can be the application
of numerical methods for determining control nodes, as
specified in paper [19], but the authors point out that this
problem was not completely resolved. For example, in paper
[20], it was proposed to apply a diagnostic matrix using

numerical calculations of the hydraulic model for determin-
ing the locations of head sensors. However, complexity of
calculations and changeability of water consumption con-
ditions explain the imperfection of these methods. That is
why the problem of finding the location of head controlling
nodes remains unresolved and causes the need for research
in this direction.

3. The aim and objectives of the study

The aim of this research is to determine the impact of the
size of zones with insufficient head on the number and loca-
tion of control nodes during designing and operation of water
supply systems with respect to the conditions of supply and a
change in hydraulic characteristics of separate sections.

It is directed at ensuring the minimum required head
values in nodes of water supply networks.

To accomplish the aim, the following tasks have been set:

— to determine through calculation the influence of the
zones with insufficient head on the number and location of
control nodes;

— to develop a procedure for flow distribution control in
real time for designed and operating water supply networks.

4. Materials and methods to study the influence of
conditions of network supply on the dynamics of node
heads and selection of control nodes

4. 1. Source data for modeling zones of heads in a wa-
ter distribution network

The studies were conducted based on the theoretical
designed schemes. Table 1 shows the schemes of the studied
networks and gives the operation parameters: total daily
consumption Qqay, (m®/day), maximum feed to the network
Qp.s, (1/5), numbers of nodes of water conduit connections,
numbers of the network elements, in which the changes in
hydraulic characteristics were modeled:

—circle network (scheme No. 1) from 14 circuits,
32 nodes and 45 sections;

—circle network (scheme No.2) from 13 circuits,
26 nodes and 38 sections;

— circle network (scheme No. 3) from 8 circuits, 18 nodes
and 25 sections;

—circle networks (scheme No. 4) from 15 circuits,
28 nodes and 43 sections.

For the schemes of water supply networks, presented in
Table 1, the source data to perform hydraulic calculation of
networks were generated:

— the estimated water consumption by the number of
residents and normed water consumption was determined,

— the estimated circuit by the plan of the residential site
was made, the nodes and sections were numbered;

—the node consumptions were calculated; the initial
flow distribution was performed;

—the source data to perform hydraulic calculation,
shown in Table 1, were generated.

Thus, the studies were conducted on the example of water
supply networks with capacity of Q=20,000-91,000 m?3/day.
For each variant of network supply, the changes in hydraulic
characteristics were modeled and hydraulic calculations were
performed.



Table 1

Characteristics of circuits of water supply networks

::I}?e::li Network scheme Variants of supply Chz}r:freazig}i}iﬁshc
Quay=20000 m?/day
Q=275 1/s
1) node No. 1; Change of distribution
{ 2) node No. 8; in nodes No. 4; 5; 7;
3)nodes No. 1 and | 9-11; 13-15; 19; 20; 26;
No. 8§; 27; 29; 30
4) node No. 6 and
No. 11
Qday=31500 In3/day
Qp5=6971/5 . Change in throughput
1) node No. 1; . )
9 2) node No. 14: of sections No. 20—21;
3) node No. 7 (un- 25-26; 2-3; 15-23; 5-9;
d d' ¢ 19-21;7-8; 11-13
erground source o
supply).
Qd"‘y: 63000 m?/day Change in throughput of
Qps=1192 1/s ST .
1) node No. 1; sections No.:
3 , 1) 1-2-6-9-10-13-17
2) node No.14;
3) nodes No.11 2) 1-3-7-8-15-14-
: 16-17-18-12-11-5-4.
and 12
L2 S ras Quay=91000 m3/day
67 | Qpe=13541/s
1) node No. 3;
Ve IV 10 LA AN 2) node No26; Change of distribution
\il 12 3) node No. 19: in nodes No. 8—11;
4 14, 15 16 179 18] | 4)nodes No. 11 and 15-17; 20-22
19 No.18; and in nodes No. 2—6;
20y 21 22 - 5) nodes No. 7 and 24-28.
No. 24;
24 25 27 6) nodes No. 14 and
26 28 | No. 19

where P is the percentage of a change in
the throughput of a pipe, %.

For scheme No. 2, a change in re-
sistance of 8 sections was modeled:
No. No. 20-21; 25-26; 2-3; 15-23;
5-9; 19-21; 7-8; 11-13, for scheme
No. 3, modeling of a change in resis-
tance was performed for 18 sections:
No. 1-2-6-9-10-13-17 and No. 1-3—
7-8-15-14-16-17-18-12—-11-5-4.

Modeling of the structure of water
distribution was performed on the ex-
ample of the schemes of networks No. 1
and No. 4 through a change in water
distribution from 10 % to 20 % with step
Ag=10 % in the following nodes:

— for scheme No. 1, a decrease in
water intake in 9 nodes was modeled:
No. 4-5; 7; 9-11; 14; 15; 30 and an in-
crease in intake in 6 nodes was modeled:
No. 13; 19; 20; 26; 2; 29;

— for scheme No. 4, re-distribution
of water intake was modeled among
10 central nodes No. 8—-11; 15-17; 20—
22 and 10 end nodes No. 2—6; 24-28.

Network consumption remained
constant due to decreasing water dis-
tribution from other nodes. For each of
the studied network schemes, hydraulic
calculations were performed and free
heads in its sites under normal opera-
tion conditions for different options of
network supply networks taking into
consideration the changes were deter-
mined. Under normal conditions, free
heads in the nodes were determined
relative to the critical point, during
modeling changes in water consumption
conditions — relative to the supply node.

To determine the influence of the
structure of location of the network

4. 2. Procedure for determining zones of insuffi-
cient head

Determining the influence of the structure of location of
the network water suppliers on the dimensions of the zones of
insufficient head was explored on the example of water supply
networks, the schemes of which are presented in Table 1. When
modeling the network supply conditions, the options of con-
duits connection that were close to actual conditions were con-
sidered. When modeling a change in hydraulic characteristics
of the sections, the structural data of pipelines were taken into
consideration, specifically, their material and numerical values
of water distribution from the nodes.

A change in throughput of the sections was modeled on
the example of schemes No. 2 and No. 3 by reducing the diam-
eter from 10 % to 30 % at step A=10 % by formulae (2) and (3):

d/.i :Kr'doul.i’ (2)
where dyy i, df; are the outlet and fictitious diameters of the
studied i-th network section, respectively, m; K, is the coeffi-
cient of change in resistance:

_{_P
K =1 %00, 3)

water suppliers on its hydraulic char-
acteristics, the optimum conditions of
supply to ensure the magnitudes of node
head close to the required values were
determined for the studied circuits (1).
For schemes No. 1-4, the areas of the zones with insuf-
ficient head that can be formed at a change of hydraulic
characteristics, quantity and location of the control nodes
to prevent the formation of such zones were analyzed.

3. Results of research into hydraulic characteristics of
the network

5. 1. Formation of zones of insufficient head in a water
distribution network

As a result of the conducted research, for each of the
explored options of a change of water distribution, there
were established the zones of insufficient head, the bound-
aries of which are determined by the location of the nodes
with the head that meets the condition:

Hji<H,, )



where Hy; is the value of free head in the i-th node, m; H, is
the value of the required head [8], m. The structure of the
city was modeled with respect to prevalence of five-story

buildings:

H,=10+4(n—1),

where 7 is the number of floors in the buildings; the re-
search explores the residential areas with five-story build-
ings, n=26 m.

The zone boundaries are formed as a result of the projection
on the water supply system of a virtual piezometric surface of
the plane relative to the ground level Z; at the height Z;+H, on
condition of (4) and are determined by the lengths of the sec-
tions /; that are marked on the sections of main networks by this
plane and service the houses, under condition (4).

As an example, plane graphs of the formation of zones of
insufficient head in a water distribution network by scheme
No. 1 during a change in water distribution in the network are
presented in Fig. 1. Fig. 1 presents four options of pipelines to
the network (fragments a, b, ¢, d). Modeling of the formation
of the zones of insufficient head was performed at the simulta-
neous change in water distribution in nodes for each option of
network supply. The numerical values of the area of these zones
were: 48.75 hectares (Fig. 1, a) and 22.6 hectares (Fig. 1, b) for
the options of network supply in a single node; 24.4 hectares
(Fig. 1, ¢) and 33.9 hectares (Fig. 1, d) for the options of net-
work supply in two nodes.

As Fig. 1, a shows, during the change in the structure
of water distribution, one should expect the largest area of
the zone of insufficient head F, j,  relative to the total area
Fror. (Fain./Fi0r=12.5 %) under the condition of network
supply in node 1.

At the same changes in water distribution in the nodes, the
relationship between the areas of these zones for the schemes of
networks with two supply nodes remains constant (Fig. 1, ¢, d).
The dimensions of the zone of insufficient head do not exceed
8.5 % of the total area.

The smallest area of the zone with insufficient head
(F..inn/ Fioe=5/8 %) is formed under the condition of sup-
ply in node 8 (Fig. 1, b). For this case, this is explained by
the location of the highest geodetic marks in node 8. In ad-
dition, the dimensions of the expected areas of insufficient
head decreases with increasing water distribution in the
nodes located in area that is the nearest in relation to the
supply point.

Hydraulic characteristics of a network change under
the influence of structural and technological factors: resis-
tance of steel and cast-iron sections of a network increases
during the operation, which reduces the throughput of
pipelines.

The process of emergence of possible zones of insuffi-
cient heads when changing the throughput of the sections
on the example of the network by circuit No. 2 is presented
in Fig. 2.

It should be noted that the largest areas of zones of
insufficient head should be expected at a change in the
throughput of the sections, in the sections that are far in re-
lation to the supply node. Thus, at the water feed to node 1
(Fig. 2, a), the ratio F. i, /Fi0r.=30.5 %, and at supply in
node 14, F, iy 5/F0.=62.5 % (Fig. 2, b). This is due to a
smaller throughput reserve of the remote sections.

It is possible to decrease the area of these zones signifi-
cantly on the condition of supply to the central network

nodes (Fig.2,c) — for the specified option of supply —
Fz.inAh./Ftot:12.5 %.

&2 zones with insufficient head
d

1 pumping station

Fig. 1. Zones of insufficient head with respect to a change
in the structure of water distribution for different options
of network supply: a — water feed to node 1; b — water
feed to point 8; ¢ — water feed to points 1 and 8;

d— feed to nodes 11 and 6

Fig. 2. Zones of insufficient head with respect to a change in
throughput of the sections for different options of network
supply: a — water feed to 2; b — water feed to node 14;
¢ — water feed to node 7



3. 2. Value of the number of head control nodes

To determine the influence of the dimensions of the zones
of insufficient head on the location and the number of con-
trol nodes for water supply networks for schemes No. 1 and
No. 2, the diagrams of a change in the number of these nodes
for different options of network supply, which are shown in
Fig. 3, were plotted. For the network by scheme No. 1, the
smallest area of the zone with insufficient head is observed
in the variant of network supply to node No. 8, the largest —
at the supply in node No. 1 (Fig. 3, a). At the same changes
in water distribution, the largest area of the zones of insuf-
ficient head occurs in networks with the highest geodesic
marks at their beginning, which corresponds to the variant
of supply in point No. 1. This is explained by the existence
of the greatest excessive node heads for the networks with
the highest geodesic marks at the end. For the water supply
network by scheme No. 2, the largest number of nodes with
insufficient head corresponds to the variant of the network
supply in node No. 7 (Fig. 3, b). In this case it is explained
by a more uniform flow distribution when receiving water
in the central node of the network. This variant of supply is
possible in the presence of an underground source.
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Fig. 3. Change in the number of nodes n with head that is
lower than the required for different options of networks
supply by scheme No. 1 and No. 2

If the information on free heads in the nodes of a net-
work at the time of head measurement in its separate points

is available, a dispatcher has an opportunity to assess the
situation visually. If there is one node, the free head in which
is less than required, which corresponds to minor changes in
the network operation, it is a control node. If this node coin-
cides with the existing point of head control, it is advisable to
leave it unchanged at this stage. At the same change in water
distribution, the number of nodes with insufficient head is by
2.5 times greater under the condition of water supply to the
highest marks of a network (Fig. 4, a). This is explained by
the smaller values of excessive heads in the network.

The number of nodes with the head, which is smaller than
the necessary one, is not the main criterion for assessing a
change in water distribution. There are situations where in the
zone of insufficient head with a smaller area there is a greater
number of nodes with the head that is lower than required.
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Fig. 4. Dependence of the number of nodes n with
the head that is lower than the necessary one on the
changes in the areas of insufficient head £, , with

regard to hydraulic factors: ¢ — at an increase in water
distribution in nodes No. 8—11; 15—17; 20—22;
b — at an increase in water distribution in nodes 2—6;
24—28; 1, 2, 3 — graphic dependences according to
the variants of network in nodes No. 9; No. 26 and No. 3

Thus, for the first option of network supply in node No. 19
at F, ;. 1./ Fier=30 %, the number of nodes with insufficient head
is 9, and for the same scheme, but for the condition of water feed
to node No. 26 at F, ;. /Fi0i=32 %, the number of the nodes in
the zone of insufficient head is 5 (Fig. 4, b). Based on these re-
sults, we can state that the criterion for selection of the number
of head control nodes is the dimensions of the expected zone of
insufficient head. That is, at F. ;. /F:<40 %, it is enough to
introduce one control node with the lowest free head among
those that are located on the boundary of the expected zone,
at Fjn ./ Fie=40-60 %, it is necessary to equip 2—3 additional
control nodes that is selected by the chosen criteria.

3. 3. Procedure for flow distribution for designed and
operating water supply networks

The effectiveness of flow distribution control in water
supply networks depends on the correct choice of the



number and locations of head control nodes. |STAGE 1 — STAGE 4
Analysis of flow distribution for designed Actual free heads <
and operating water supply networks with
the view to determining and specifying the 2 Network scheme STAGE5S——— f—
location of the control units and the necessary < Y T, >H;
number, presented in Fig. 5, includes the fol- .?;Avemge —— 0
lowing stages: . . . i Flow distribution
1. Introduction of the source data involves T Estmated | correction
drawing the'c1rcu1t of a network and creating a ———— T
database of its actual parameters (blocks No. 2 10 Specification of location
. . /—
and 3). At this stage, the actual link to the area 5 . of control nodes
. . . Node consumption
is needed for visual assessment of pressure dis- ]
tribution in the network nodes and the boundar- % Dambaser ] 1 Calculation of water
ies of the zones of insufficient head by a designer & el; Dy Ny suppliers head
or a dispatcher. In this case, the places of equip- €0dsecs lyecs Qsecs dsec; Wes N S— —
ment of control nodes and additional construc- Dimeass Bmeass Msce.meas RIAGES 7
. . o €0dsec s =0; h.=0
tion of the network sections are specified. | & Qnoaj =05 M=

2. Determining the node consumption for STAg/—*— =
2 7 Data correction:

different water supply modes (blocks No. 4
and 6).

3. Determining the consumptions in the

n/meas§

/
Wsec.meas

h/meas S el

h/meas;
12 Specification of

node consumption

network sections that are valid at the time of
measurement of piezometers in control nodes.

4. Introduction of the values of difference
of piezometers, measured in the control nodes,
using the program module to adjust the source
data at a change in the system operation
(block No. 7).

End

5. Determining actual free heads in network
nodes that match the specified flow distribution.

Piezometric marks in the network nodes are de-
termined relative to supply nodes according to
the specified values of head in them. The nodes,
for which condition (4) is not met, are located on
the boundaries of the zones of insufficient head

in the network.

Thus, a dispatcher has an opportunity to
analyze the operative or predictive situation.
This makes it possible to take into consider-
ation a change in the parameters of network
operation as a result of the influence of any
factors: development of the area, the structure
of water distribution, a change in throughput
of sections, taking the terrain into consider-
ation during designing.

6. Analysis of costs in the sections and free
node heads, determined in terms of real time,
to specify the location of control nodes and
substantiation of flow distribution with the
aim of adjusting the heads in nodes.

7. Calculation of water suppliers’ head with respect
to head measurement in the separate points of the circle
water supply network.

6. Discussion of results of research into the procedure of
flow distribution control in real time

It is necessary to state the dependence between the
number of nodes and the dimensions of these zones when
determining the number and the places of control nodes
equipment in the water distribution network, the need for
which is the result of the analysis of the formation of zones
of insufficient head (Fig. 1, 2).

cod; nyec;
lsec;qscc; d 5 EI. hsec —

Fig. 5. Stages of the procedure for flow distribution control: e — permissible
discrepancy in the circle; e1 — permissible discrepancy on the way of
measurement of pressures; n.;,; — number of circles in network; nsec — number
of section in network; codse. — code of section; /s — length of the /-th
section; gsec — consumption in the ~th section; dse. — diameter of pipe in the
£th section; W; — material of pipes; Nmeas, 1 meas — NUMber of measurement
routes; Ameas, I meas — difference in piezometers in measurement nodes;
Nsec.meas. — NUMber of sections on the ~th measurement route discrepancy in
the circle; #/ . — discrepancy in the circle; ¢/ meqs — cOrrection consumption;
H;— actual head in the /th node; H,, — necessary head in the /th node.

Control over the flow distribution in water supply net-
works requires the visual assessment of the zone of insuf-
ficient head. In comparison with similar methods of estab-
lishing the number of control nodes [19, 20], the positive
impact of research results involves the establishment of
the relationship between the number of head control nodes
and the area of the possible zone of insufficient head in the
network. This allows employees of dispatching services of
public utilities not only to assess a situation visually, but
also to make a decision based on calculation results. In
the presence of a single node with the head that is lower
than required, and its coincidence with the existing head
control point, it is advisable to leave it unchanged. Criteria
for increasing the number of control nodes and determining
their location is the magnitude of minimum free head in



the node that is on the boundary of the expected zone of
insufficient head and its dimensions. At F, 5 /F0r<40 %, it
is enough to introduce one control node with the smallest
free head from those that are located on the boundary of
the expected zone, at F, ;.. /For =40—60 %, it is necessary
to arrange 2—3 additional control nodes that are selected by
the specified criteria.

Comparison of the application of different methods of
determining of head control nodes for a particular scheme of
the water supply network indicates mutual compatibility [19].

Obviously, the basis of the process of flow distribu-
tion control in the designed and operating water supply
networks is determining and specification of location of
control nodes, due to which it is possible to decrease leak-
age and costs of power consumption at pumping stations.
Maintaining the head in control nodes prevents emergence
of a significant head excess in others. For example, pre-
vention of water losses at 64 emergency leaks throughout
a year that last 1 day for the sections with the diameter of
400 mm (0.4 m) makes it possible to obtain water savings
Q: 0=2.5%(3.14x0.42)/4=0.314 m3/s or 27,130 m3/s or
27,130 m?3/day. Taking into consideration the coefficient of
flow distribution control of 0.04 on a decrease of consumption
at leaking [8], the average water tariff of UAH 0.82/m3, the
savings E is: E=27,130x64x0.04x8.2=567,000 UAH /year.

However, unlike the research results published in [17,
18, 20], the data regarding the relationship between the
area of zones of insufficient head and the recommended
number of control nodes were obtained. For example, reli-
ability of the method for determining leaks, which is based
on the application of a diagnostic matrix for numerical
calculations of hydraulic model [20] depends on the number
of sensors. That is why the procedure of flow distribution
control with respect to the minimum required number
of control nodes helps to reduce investment costs for the
equipment of such nodes.

These recommendations on the implementation of the
procedure of flow distribution control in designed and op-
erating water supply networks require implementation of
the integrated systems of technical infrastructure control.
As noted by experts [4, 7, 14], this process requires estab-
lishing the relationship between the water supply sites. It
is necessary that public utilities should make initial capital
investments in the system of the technical infrastructure
control. The costs are also required for mounting addi-
tional nodes and re-equipment of the existing head control
nodes if there is a transfer necessity. However, most public
utilities already have automated control systems, and addi-
tional equipment will be repaid in the period of 5 years due
to reducing leakage and power consumption of pumping
equipment.

The article presents the results of studies of the forma-
tion of zones of insufficient head and analysis of the influence
of their dimensions on the location and the number of control
nodes for the schemes of water supply networks, located on
the territory with the area of 390 ha. Terrain affects the
dimensions and location of the zones with insufficient head,
but the accuracy of determining these zones and the prin-
ciple of choosing head control nodes are unchanged for any
input parameters (water network productivity, its topology,
the relief of the territory).

The presented procedure of flow distribution control re-
quires the identification of the source data for a reliable dis-
play of the topology of a water supply system and the visual
analysis of the dynamics of node heads in the on-line mode.
This requires modern computer equipment for ensuring the
operative work of the system of flow distribution control,
which for many public utilities is a complicated task, but a
necessary condition for ensuring the interrelationship of the
information collection system and the system of feedback
from executive elements.

7. Conclusions

1. As aresult of the conducted calculations, the impact
of the dimensions of the zones of insufficient head on the
number and the places of control nodes equipment was
determined. It was established that the criterion for the
selection of control nodes and specification of the location
is the dimensions of the expected zones of insufficient of
head. In regards to the area of these zones F,;, relative
to the total area Fyo; Fiinp/Fioi<40 %, it is enough to
introduce one control node. At F,;,;/Fii=40—-60 %, in
addition to the existing control point, we should foresee
2-3 control nodes on the boundary of the possible zones of
insufficient head, the formation of which is modeled at the
stage of network designing. When refining the location
of control nodes in the process of operation, it is recom-
mended to arrange them on the boundary of the expected
zone of insufficient head, based on its dimensions and the
tendency to increase.

2. The proposed procedure of flow distribution control
in real time is based on modeling and analysis of the zones
of heads in the network, which enables modifying the
number and location of head control nodes, depending on
the need. The distinctive feature of this approach to flow
distribution control is timely prevention of emergency
situations, assigning the optimal arrangement of the net-
work and operation modes. The proposed flow distribution
procedure can be implemented in the work of dispatching
services of public utilities.
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