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Abstract. In this work, the influence of individual sections of the water supply network on
the dynamics of nodal heads in emergency operating modes is investigated. During accidents in the
network sections, the dynamics of the head changes, the supply of water to the network decreases,
areas with insufficient heads are formed. The subject of the analyzed stage of research is the
influence of individual sections of the network on the location and size of areas with insufficient
head. To determine the influence of individual sections of the network on head dynamics, methods
of mathematical modeling of flow distribution in the water supply network, methods of hydraulic
calculations of water supply networks were used.

The results of studies of formation and change of areas with insufficient head taking into
account emergency situations for networks with different structure and configuration are presented.
The tasks to be performed by the flow management system at the network design stage are defined.
Based on the results of the studies, the water supply conditions were evaluated during the formation
of areas of insufficient pressure.

Proposed algorithm consists of visualization of network structure, simulation of emergency
situations, hydraulic calculations of network in normal and emergency operation modes,
determination of actual head in network nodes, clarification of location of control nodes, calculation
of required head of pumps in emergency operation mode. The proposed method allows you to
determine the priority selection of network sections during its reconstruction and restoration.
Modeling and analysis of pressure zones in the network allows you to change the number and
location of pressure control units depending on the need. The proposed recommendations on flow
management can be implemented in the work of utility dispatch services.

Keywords: water supply network, nodal pressure, modeling, hydraulic calculation,
insufficient pressure.

Introduction. Total length of water supply systems in Ukraine is more than 104154.0 km
from which according to the Ministry of Regional Development, Construction and Housing in
critical condition there are more than 36296.0 km or 34.9% of the total length of networks. The
situation existing in the sphere of water supply of the Zaporizhzhia region and in the country leads
to considerable losses of drinking water when transporting and also to deterioration of drinking
water due to its pollution. The solution of problematic issues of water supply is possible on
condition of realization of actions for reconstruction and modernization of objects of water
economy. Insufficient financing is the greatest problem at realization of such actions. Replacement
of the most worn-out and emergency networks 10-15 km long with own forces and for own means
is annually planned and carried out. For example, since 2016 about 80 km of water supply and
sewer systems were executed replacement. In certain cases, because of big capital intensity and
limitation of local sources of financing construction and reconstruction are conducted within 5-10
and more years. Therefore the problem of management of streams in water supply systems taking
into account emergency operation of work has relevance.

Analysis of the last researches or publications. The rate of losses of water in city networks
is very high and is within 0.4-3.0 m*/km a year, in comparison with indicators in Western Europe
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which make 0.1-0.4 m*/km a year [1]. A condition of accident rate of water supply systems taking
into account material of pipelines were it is analyzed in works of foreign experts [2, 3]. For the
Ukrainian cities the condition of accident rate of water supply systems is characterized by 1-2
emergency leaks on 1 km of a pipe, these indicators of accident rate by data [4] at 5-20 times
exceed the corresponding indicators in Europe.

Use of geoinformation technologies in work of utility companies for the analysis of a
condition of water supply systems increases possibilities of studying the hydraulic modes.
Observation on-line mode as it is specified in work [5] is a widespread way of the analysis of
pressure. Use of the information City Com platform by data [6] expands opportunities for hydro-
modeling and audits of water supply systems. But information technologies in work of utility
companies, mainly, are applied to storage and information processing about a condition of elements
of water supply systems. Networks of water supply divide into certain sectors for simplification of
observation of their state [7] that, according to experts [8] optimizes management of water flows in
them. Similar zoning is applied to decrease in big pressures [9]. According to experts [10], zonings
of a water supply system by certain sectors are facilitated by control of nodal pressures as within the
certain sector it is easier to regulate pressure in the limited number of control knots. Pressure
control in similar zones as experts [11] consider, is more effective for maintenance of minimum
necessary pressures. Additional researches of influence of hydraulic operating modes of water
supply systems on arrangement and the sizes of zones with insufficient and excess pressures are
necessary for localization of network on certain sectors.

The main methods of identification of leaks on water supply systems is the visual control and
methods connected with use of the measuring equipment. So experts [12] offer application of a method
of "a lazy dragon™ for definition of a priority of work on restoration of sites of water supply systems.
The method considers leak consequences, allows to calculate duration and the cost of its elimination.
The majority of methods of localization and elimination of leaks are developed for networks which are
a long time in operation. Forecasting of formation of zones with insufficient and excess pressures at a
design stage of water supply systems will allow to define the most economic option of trace of
network, to establish problem sites and to equip them with devices for control.

Purpose and tasks. The purpose of work is the research of influence of emergency operation of
network functioning on distribution of pressure in its knots, formation of zones of insufficient and
excess pressures. Achievement of the goal provided performance of the following tasks: performance
of hydraulic calculation under the chosen schemes taking into account an emergency on certain sites of
network; calculation of piezometric marks and nodal pressures at normal and emergency operation of
work; definition of influence of certain sections on the sizes and arrangement of zones of pressures in
network; assessment of consequences of emergence of emergencies on certain sections.

Materials and methods of research. Researches were conducted for water schemes which
are projected. Schemes of networks are provided in Table 1 and operation parameters are specified:
the general daily expense of Qgay, (m*/day), junction points of conduits, elements of network for
which emergency operation of work was modelled:

— water supply system (scheme A) from 10 contours, 18 nodes and 27 sections;

— water supply system (scheme B) from 15 contours, 25 nodes and 39 sections;

— water (scheme B) from 9 contours, 18 nodes and 26 sections.

For configurations of water supply systems which schemes presented in Table 1, were created
basic data for performance of hydraulic calculation of networks:

— the design flowrate of water taking into account the number of inhabitants and a rated
consumption of water is defined,;

— the settlement scheme according to the plan of the city is made, sections and nodes are
designated;

— nodal expenses are defined, initial distribution of streams is executed;

— basic data for performance of hydraulic calculation which are provided in Table 1 are created.

Thus, researches were conducted on the example of water supply systems by Q performance
= 7700-96470 m*/day. For each option of emergency operation of network functioning hydraulic
calculations of network were executed and the areas of districts with an insufficient pressure are
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determined. Influence of emergency operation of network functioning on distribution of pressure in
its nodes was investigated on the example of water supply systems which schemes are presented in
Table 1. When modeling emergencies of network, the options which are brought closer to real
conditions were considered.

Table 1 — Characteristics of schemes of water supply systems

Modeling of

Scheme of network emergency
operation

1) 1-2 and 1-4;

1 4 7 10 13 16 2) 4_7;

3) 7-10;

4) 10-13;

5) 13-16 and

16-17;

6) 2-5;

7) 6-8;

3 3 9 7 15 s |8) 8-11;

9) 11-14;

10) 14-17.

1) 2-6;

2) 6-11;

3) 11-15;

4) 15-19;

5) 19-23;

6) 3-7;

7) 7-12;

8) 12-16;

9) 16-20;

10) 20-24.

Configuration of
network

Scheme A
Qday :15000' * 5 8 11 14 -
m*/day 2

Scheme B

1) 2-5;
2) 1-6;
3) 6-10;
4) 7-11,
Scheme C ' s = 5; 10-14;
Quay =96470 6) 3-7;
m>/day 7) 8-12;
, . — " 8) 12-18;
9) 4-8;
10) 5-9.

4

For each of the considered schemes of network hydraulic calculations were executed and free
pressures in its nodes at normal and emergency operating modes are defined. Under normal
conditions free pressures in nodes were defined rather critical point, when modeling emergencies on
certain sections — regarding the power supply.
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For schemes A-C the areas of districts with an insufficient pressure which can be formed at
emergency operation of work are analyzed.

Results of researches. For each of the considered options of emergency operation of work
the areas of districts with an insufficient pressure are calculated. Borders of these areas are
determined by knots with a pressure which corresponds to a condition:

Hy<Hnp, 1)

where Hy; is the value of a free pressure in the node, m;

H, is the value of a necessary pressure [13], m.

H,=10+ 4 (n-1), (2
where n is the number of floors in houses, in researches residential areas with five-floor
building are considered.

Borders of a zone are formed as a result of a projection to a water supply system of a virtual
piezometric surface at Z; + H, concerning ground level of Z;. Borders of a zone are defined by lengths
of sections on a water supply system which transport water to buildings on condition of (1).

For example, in Fig. 1 the areas of districts with an insufficient pressure in a water supply
system (scheme A) which appear at leaks on certain sites are presented. In the drawing four
emergencies are presented (fragments a-d). The location of regions of an insufficient pressure was
defined on condition of preservation of a settlement pressure in a junction point of conduits to
network. Apparently from Figure 1, when modeling emergencies, the largest area of a zone of an
insufficient pressure of F,;,. of rather total area of Fgen (Fz.ip./Fgen = 85.1%) should be expected in
case of leakage at the section 2-5.

> Areas with an insufficient pressure

Fig. 1. Zones of an insufficient pressure taking into account emergency operation of network
functioning: a — on section 1-2 and 1-4; b — on section 2-5; ¢ — on section 4-7; d — on section 5-8

The least area of a zone with an insufficient pressure (F,.ip./Fgen = 6.6%) is formed at leaks on
sections 1-2 and 1-4 (Fig. 1, a). For this case it is explained by the minimum participation of the
specified sections in the general distribution of streams.

In Figure 2 schedules of insufficient pressures are presented to networks B which can appear
at leaks on sites. The biggest areas with an insufficient pressure should be expected at change of
capacity of the sites located in the center of a water supply system: so at leak Ne6 on section 3-7
(Fig. 2, @) F2ip./Fgen = 31.9%, and at leak Ne 3 on section 11-15 — Fz.i.p./Fgen = 25.6% (Fig. 2, a). It
is explained by a smaller reserve of capacity of the remote sections which at leaks on the specified

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2021, no. 83, page 122-129

125



UTILITY NETWORKS AND FACILITIES

sections accept the main stream.

The chart submitted in Fig. 2 (a fragment b), illustrates increase in a necessary pressure AH in
a junction point of conduits in comparison with a settlement pressure for the normal mode of
operation and reduction of water supply in network (according to scheme v) at leaks. At leaks on
sections 3-7 and 8-12 the water supply decreases by 11.7%, these sections as much as possible
participate in distribution of streams. But not all central sections significantly influence changes of
hydraulic characteristics of network: for example, at leak on sections 5-9, 10-14 (the scheme C in
Table 1) the general giving decreases within 0.2-0.4%.
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Fig. 2. Charts of pressures and water supply in network:
a — change of the area of insufficient pressures in a water supply system; b — increase of a necessary
pressure of AH in a junction point of conduits

Conclusions. In case of leakage at the certain sections of network the general distribution of
streams in network can change. Modeling of leaks at design of network by an exception of the
settlement scheme of certain sites will allow the dispatcher to reveal "narrow™ places — the most
overloaded sites on which it is recommended to control pressure, to define consumers who will be
most limited in water supply and to choose reserve sources of water supply. Optimum criterion for
the analysis of the possible directions of streams in network is water supply of "priority consumers"
— hospitals, the enterprises with continuous technological process.

The method of consecutive calculation of emergency operation allows to define the priority
choice of sections of network at its reconstruction and restoration. Realization of a method of
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mathematical modeling of streams in a water supply system taking into account emergency
operation of its work includes the following stages:

1. Drawing of the scheme of network and creation of the database of its actual parameters. At
this stage the actual binding of a configuration and elements of a water supply system to the area is
carried out. Geoinformation mapping allows designers or dispatchers to analyze distributions of
pressure in network that will allow to analyze dynamics and trends of formation of possible zones
of insufficient and excess pressures already at a design stage. Further work assumes addition of the
existing database to indicators in recent years (changes of characteristics of sections, additional
elements on network: sections, equipment, etc.). At the same time specification of places of the
equipment of control nodes and additional designing of sections of network is carried out.

2. Hydraulic calculation for the normal and emergency modes at a design stage of networks,
definitions of expenses on sites, these expenses are valid at measurement of pressure in control
points of a water supply system.

3. Measurement of a difference of pressure in control points, at this stage software module is
used for correction of basic data. For networks which are designed the modeling of possible leaks
on sites by correction of basic data is carried out: changes of number of sites and their diameters:

df ;= K sty (3)
where dy;; and, d; is the output and fictitious diameters of the considered section of network
respectively, m;

Ks — is the coefficient of change of resistance:

Ks=1-P/100, (4)
where P is the percent of change of capacity of a pipe, %.

4. Definition of the actual free pressures in nodes, determination of nodes in which the
condition is satisfied (1). These nodes are on borders of areas with an insufficient pressure. Thus,
there is a possibility of the analysis of the predicted or actual situation. It allows to analyze
distribution of nodal pressures.

5. The analysis of expenses on sites and free pressures in knots of network for determination
of knots of control and distribution of streams in network.

6. Calculation of pumps pressure taking with considering necessary pressure in separate knots.

The actual service conditions prove that there are problems of obtaining actual data about a
condition of water supply systems. In comparison with similar methods of a number of control
knots determination and distribution controls of streams [11] the analysis of emergency operation
allows to define criterion for determination of number of additional control knots. It is the size of
possible zones of an insufficient pressure in network. Results of hydraulic calculations with
considering leaks can be used by on utility companies for determining of consumers who feel the
shortage of water. The analysis of leaks allows to define their number with considering the number
of floors in buildings, to determine repair duration.

Modeling of emergencies for water supply systems which are projected and timely
elimination of consequences in water supply systems will allow to reduce leaks and expenses on
energy consumption in pump stations. For example, prevention of water losses Q at 70 emergency
leaks within a year lasting 1 day for sites with a diameter of 300 mm (0.3 m) at a speed of current of
3.0 m/s makes:

Q=3.0x3.14 x 0.3%/4=0.212 M%/s or 18312.5 m®/days.

Considering coefficient of distribution control of streams 0.04 [13] and an average tariff for

water of 14.5 UAH/m?, in a year it is possible to preserve the sum of 743 thousand UAH:
E=18312.5%70%(0.015+0.015+0.01)x14.5=743487 UAH/year.

Introduction of this action will allow to reduce unproductive leak of water of drinking quality
and to considerably reduce operating costs, to improve quality indicators of the centralized water
supply of the city.
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AHAJII3 ABAPIMHUX PEXKUMIB POBOTH BOJOMPOBIJJHUX MEPEX

HoopoBoibcbka O.I., k.T.H., TOIEHT,
dogoks@gmail.com, ORCID: 0000-0002-1337-7216
3anopizvkuti HayioHaTbHUU YHIGEpCUmem

By JKykoBcbkoro, 66, 3anopixxks, 69600, Ykpaina

AHoTauig. Y gaHiii poOOTi JOCHIIKEHO BIUIMB OKPEMMX UISHOK BOJOINPOBIIHOI Mepexi Ha
JMHAMIKY BY3JIOBHX HAropiB MpH aBapifHuX pexxumax podotu. [Ipu aBapifx Ha IUITHKaX MeEpexi
3MIHIOETBCS JTMHAMIKA HAToOpiB, 3MEHIIYEThCS TMOada BOAU B MEPEXY, YTBOPIOIOTHCS pPalOHH 3
HeJoCTaTHIMU Hamopamu. lIpenmer aHani30BaHOTO eramy JOCTIDKEHb — BIUIMB OKPEMHX JUISHOK
Mepexi Ha pO3TallyBaHHsS 1 pO3MIpH paioHIB 3 HEJOCTaTHIMU Haropamu. [[jis BU3HAUEHHS BILUIUBY
OKpeMHX JUISHOK MepeXl Ha JWHAMIKy HaropiB Oydd 3acTOCOBaHI METOAM MaTeMaTHYHOTO
MOJIEJIIOBAHHS TOTOKOPO3MOJALTY Y BOJOMPOBITHIM Mepexi, METOAM TiApaBIIYHUX PO3PaxyHKIB
BOJIOIIPOBITHIX MEPEX.

[IpencraBieni pe3ynbTaTd MOCIIHKEHb YTBOPEHHS Ta 3MIHM IUIOINII PalOHIB 3 HEIOCTATHIM
HaTloOpoOM 3 ypaxXyBaHHSIM aBapiMHUX CHUTYaIllll Al MEpex 3 PI3HOI0 CTPYKTYPOIO 1 KOH(QIrypariero.
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BusnaueHo 3aBiaHHSA, SKi MOBUHHA BHUPILIYBAaTH CHCTEMa YIPABIIHHSA MOTOKOPO3MOJIUIOM HA CTaii
MIPOEKTYBAHHS MEPEX. 3a pe3yJbTaTaMy JOCIIKCHb BUKOHAHO OIIHKY YMOB BOJOMOCTa4aHHsI MPH
YTBOPEHHI paifOHIB HEJJOCTaTHBOTO HATIOPY.

3amporoHOBaHO  aNTOPUTM  MOCHIJOBHOTO  PO3PaxXyHKYy aBapifHUX pEXUMIB  pOOOTH
BOJIONIPOBITHOT MEpEeXki, SKUH CKIAQAaeThCs 3 Bizyalmizamii CTPYKTypH MeEpexKi, MOJICTIOBAaHHS
aBapiHUX CUTYAIliH, T1IPaBIIYHUX PO3PaXyHKIB MEPEXi MPH HOPMAILHOMY Ta aBapitHOMY peKUMax
po6oTH, BU3HAYCHHS (PaKTUIHUX HATOPIB Y BY3J1aX MEPEXKi, YTOUHEHHS PO3TALTYBaHHS KOHTPOJIBHUX
BY3J1iB, pO3paxyHKY HEOOX1IHOTO HAIIOPY HACOCIB MPH aBapiHHOMY PEeKHUMI POOOTH. 3aripOIIOHOBAHUI
METOJT JIO3BOJISIE BU3HAYMTH TPIOPUTETHUH BUOIp IUITHOK MeEpEeXi MpH 11 PEKOHCTPYKIIi Ta
BiTHOBJICHHI. MOJENTIOBaHHS Ta aHali3 30H HAMoOpiB B MEPEXi JO3BOJSE B 3alICKHOCTI BiJ
HEOOX1THOCTI 3MIHIOBAaTH KUIBKICTh 1 PO3TAalllyBaHHS BY3JIB KOHTPOJIO THCKY. MOeNOBaHHS
aBapifHUX CHUTYaIil JUIS IPOEKTOBAHUX BOJOIPOBITHUX MEPEK Ta CBOEYACHE YCYHCHHS HACIIIKIB B
THIOYMX MEpekax JO03BOJIMTh 3MEHIIUTH BHTOKM Ta BHUTPATH HAa EHEPrOCHOXKMBAHHS B HACOCHUX
CTaHIIIAX, 3HAYHO 3HU3UTH EKCIUTyaTalliiHi BUTPATH, MOKPAIUTH SKICHI MOKa3HUKHU LIEHTPATI30BAaHOTO
BOJIONIOCTAYaHHS MiCTa. 3amporoHOBaHI PEKOMEHMAIll 3 YIPaBIiHHA MOTOKOPO3IOIIIOM MOXYTh
OyTH peati3oBaHi B pOOOTI TUCHIETUYEPCHKUX CITY’KO KOMYHAITBHHX TTiITPHEMCTB.

KurouoBi cioBa: BomonpoBiHa Mepexka, BY3JIOBUH Hamip, MOAETIOBAHHS, TiApaBIidYHHNA
PO3paxyHOK, HEJOCTATHIN Harip.

AHAJIN3 ABAPUMHBIX PEJKUMOB PABOTHI BOJAOITPOBOJHBIX CETEH

JoopoBoabcbkasi O.I'., K.T.H., IOLIEHT,
dogoks@gmail.com, ORCID:0000-0002-1337-7216
3anopooicckuii HAYUOHANLHBLI YHUBEPCUME

yi1. KykoBckoro, 66, 3anopoxbe, 69600,Y kpanna

AnHotanusi. B nanHoit paboTe ucClieZIoOBaHO BIMSHHE OTICIIBHBIX YYaCTKOB BOJIOTIPOBOTHOM
CEeTH Ha JUHAMMKY Y3JIOBBIX HAllOPOB IPU aBapUHHBIX pekumax padoTsl. [Ipu aBapusx Ha yyacTkax
CeTU M3MEHsETCsl JMHAMMKa HallopoOB, YMEHBILAETCs Mojaya BOJbI B CETh, 00Pa3ylOTCsl paiiOHbI €
HEJ0CTAaTOYHBIMU Hanopamu. IIpenmer ananm3upyeMoro srara UCCiaeI0BaHUuM — BIMSHUE OTIEIIBHBIX
Y4aCTKOB CETH Ha pAaCHOJIOKEHHUE M pa3Mepbl pPaliOHOB C HEAOCTATOYHBIMM Harmopamu. s
OIIpEIEICHUs BIUSHUS OTJEIbHBIX YYaCTKOB CETH Ha AMHAMUKY HAallOpPOB ObUIM MPUMEHEHBI METO]IbI
MaTeMaTHYECKOTO MOJEIUPOBAHUS IIOTOKOPACIIPENEICHUST B BOJONPOBOJHOW CETH, METOMAbI
THJIPaBIMYECKUX PACUETOB BOJOIPOBOIHBIX CETEH.

[IpeacraBneHsl pe3ynbTaThl UCCIENOBAaHUM OOpa30BaHUS M M3MEHEHHUs IUIOLIaIU pPailoHOB C
HEJOCTaTOYHBIM HAIlOPOM C YYETOM aBapUUHBIX CUTYallUd IJIsl CETE€H C Pa3iIM4HOM CTPYKTYpOH M
KoHpurypauued. OrmpeneneHsl 3ajaud, KOTOpble [JO/DKHA pellarb CHUCTEMa  yIpaBlIeHHS
[IOTOKOPACIIPEICTICHUEM Ha CTaauu IPOEKTUpoBaHus cere. Ilo pesynbraram uccienOBaHUN
BBINIOJTHEHA OLIEHKA YCIOBUI BOAOCHAOXKEHUS ITPU 00pa30BaHUM PaiiOHOB HEJOCTATOYHOTO HATopa.

[IpemyiokeH  anropuT™M  IOCIENOBATENbHOTO pacyeTa aBapUHHBIX PEKUMOB  PabOTHI
BOJOIIPBOJHOM CETH, KOTOPBIM COCTOMT W3 BU3YAJIU3alUU CTPYKTYpBl CETH, MOJAEIUPOBAHUS
aBapUMHBIX CHUTYyallUH, TMIPABINYECKUX PACUETOB CETH IPU HOPMAIBHOM U aBAPUMHOM PEKHUMAX
paloThbl, onpeneneHus GakTUYECKUX HAIlOPOB B Y3J1aX CETH, YTOUHEHUS pPacllOIOKEHHS] KOHTPOJIbHBIX
y3JI0B, pacdyera HeoOXOIMMOIo Halopa HacoCOB IPU aBapHiHOM pexume padoTsl. [IpeanokeHHbIH
METOJl MO3BOJISIET OMNPEIEIUTh MPHOPUTETHHIM BHIOOP YYAaCTKOB CETH NPH €€ PEeKOHCTPYKIUH U
BOCCTAHOBJICHHH. MOJEIUPOBaHUE M aHAINW3 30H HAIOPOB B CETH IIO3BOJIAET B 3aBUCHUMOCTH OT
HEOO0XOIMMOCTH U3MEHATh KOJIMYECTBO U PACIIONIOKEHHE Y3JI0B KOHTPOJIs AaBieHus. [IpeaosxkeHHble
PEKOMEH/IAUKM [0 YIPaBJIECHUIO IOTOKOpACIpeIeieHHeM MOTYT OBITh peai30BaHbl B paboTe
JMCHETYEPCKUX CITYyKO KOMMYHAJIbHBIX MPEATNPUITUH.

KuroueBrble ci10Ba: BOJONPOBOHAS CETh, Y3JIIOBOW HAINOP, MOJAEIUPOBAHNUE, TUAPABIHYECKHUI
pacder, HeIOCTaTOYHBIN HAMop.
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