Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2025. V. 336. 5. P. 76-84
Sahakyan A.A. Assessment of water losses in internal water supply networks

UDC 628.179.3
DOI: 10.18799/24131830/2025/5/4682
Scientific paper

Assessment of water losses in internal water supply networks

A.A. Sahakyan®

National University of Architecture and Construction of Armenia, Yerevan, Armenia

“sahakyan.aram@nuaca.am

Abstract. Relevance. The article presents comprehensive studies of water loss assessment in the internal water supply net-
works. In order to increase the practical value of the studies, in a number of settlements of the Republic of Armenia, systems
of internal water supply networks with different technical conditions (number of floors, amount of pressure in the network,
year of construction, type of gauging device, etc.) were selected. In terms of these conditions the loss assessment analyses
were implemented, taking into account the local conditions. The paper introduces the proposals aimed at reducing the vol-
umes of unaccounted water amounts. Aim. Based on the importance of the issue, we have carried out assessment studies of
the loss components of the system, as the correct assessment is important for increasing the efficiency of detection of general
leakages of the water supply system. Water balance of the settlements was developed, based on the loss assessment studies
carried out in the original conditions and the structure of the housing stock. In the work aimed at increasing the efficiency of
water supply system, it became clear that the correct assessment of the components of losses leads to the systematic execu-
tion of targeted actions of discovering the loss of the system and their recovery, as well as the development of a road map of
reconstruction processes. Objects. Water balance supplied for drinking and economic purposes, as well as the components of
supplied water. Methods. Well-known hydraulic principles and laws. Experimental studies were conducted directly on the
water supply network while it is operating. Results. The studies carried out in different settlements show that the unac-
counted water amount in the internal water supply network is almost equal to the volume of the sold water amount. In the
system which has 71.4% water loss, unaccounted water volume caused by low accuracy of water meters and the emergency
condition of internal networks of private houses is over 27.7%.
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AHHOTauﬂﬂ. AKmya./leOCmb. le/IBe,ELeHbI KOMIIVIEKCHbIE HCC/JIeJ0BaHUA 10 OLl€eHKe IIOTePb BOJAblI BO BHYTPEHHHUX CETAX
BO,E[OCHa6)KeHI/Iﬂ. C L eJIbK0 MOBbILIEHHA HpaKTH‘{eCKOﬁ LHEeHHOCTH HCCIle,E[OBaHI/Iﬁ B pAJe HaCeJIEHHbIX NYHKTOB PeCl'Iy6J'II/IKI/I
ApMeHI/Iﬂ OBbLITH BbI6paHbI CHUCTEeMbl BHYTPEHHUX ceTel BO,C[OCHaﬁ)KeHI/IH C pa3JIMYHbIM TEXHUYECKUM COCTOSAHHUEM (STa)KHO-
CTbIO, BEJIMUMHOM AaBJIEHUA B CeTH, rOA0M HOCTpOﬁKH, THUIIOM U3MEPUTEJIbHOT'O ychOI;llCTBa 144 ,ELp.], B paMKaX KOTOPbIX ObI-
JIU TIPOBE€I€HbI aHAJJIU3bI 10 OLEHKEe IMoTepb C y4€TOM MECTHBIX YCJ'IOBI/II‘/JI, a TaKXe IpeacTaBJ/IEHbI IPeAJIOXKEeHUA, HallpaB-
JIEHHbIE€ Ha COKpalleHHe HEeYYTEeHHbIX 006 bEMOB BOJBI. ue./lb. I/ICXO,C[H M3 BaAXXHOCTHU l'Ip06J'IeMbI, HaMH ObLTH IpoBeAEHbI oL e-
HO4YHbI€ HUCC/IeJOBAHHUA KOMIIOHEHTOB IMOTEPb M3 CUCTEMBbI, TAK KAK IIPABHUJIbHAA OLEHKa BaXHa AJiA MOBBbILIEHHUA 3(1)(1)6}('
TUBHOCTH 06Hapy)KeHI/IH 06LLU/IX yTedeK CUCTEMBI BO,E[OCHa6)KeHI/IH. B xonae pa60TbI, Hal'lpaBIleHHOﬁ Ha MOBbIIEHHUE 3(1)(1)6]('
TUBHOCTH CUCTEMbDI BO,C[OCHa6)KeHI/IH, BBIACHHJIOCH, YTO IMpaBHUJIbHAA OLl€HKA COCTAaBJIAKUIUX TIOTEPb NIPUBOAUT K CHUCTEMHO-
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MY BBITNOJIHEHUIO LieJIEBBIX JEHCTBUN 110 OOHAPYKEHHUIO YTeYEK U3 CUCTEMBI U X BOCCTAHOBJIEHMIO, a TaKXKe pa3paboTke
JIOPO’KHOM KapThl IPOLIECCOB PEKOHCTPYKLUU. 066eKmbl. [/l OLleHKH NOTePb B CUCTEMe ObLI U3y4eH GaaHC BOJbI, OTIYC-
KaeMOH Ha NUTbeBbIe U X03WCTBEHHbIE HYX/bl, a TaKXKe KOMIIOHEHTBI II0JaBaeMoi Bozibl. Memodsl. PacyeTsl NpoBOJHU-
JIMCh C UCIOJIb30BaHUEM M3BECTHBIX 'M/IPAaBJMYECKUX IPUHIMIIOB U 3aKOHOB. JKCIIEPUMEHTa/IbHble UCCJIeZ0BAHUSA IPOBO-
JIMJINCb HETIOCPEJCTBEHHO Ha CETH BOAOCHAGXKEHHS B Ipoliecce 3KCIyaTauuu. Pe3yismamel. ViccnejoBaHus, NPOBeJEH-
Hble B pa3HbIX HaCeJIEHHbIX MYHKTAX, I0Ka3a/y, YTO HEyYTEHHOEe KOJIMYECTBO BOJbl BO BHYTPEHHEH CETH BOAONPOBOJA
NpPaKTUYECKH PaBHO 00'beMy NMPOJAaHHOW BoJbl. KpoMe TOro, no HalIMM HCC/Ie0BaHUSM, B CUCTEME, T'/ie TIOTEPU BOABI CO-
cTaBiAlT 71,4 %, 6os1ee 27,7 % — HeyuYTeHHble 06bEMbBI BO/bI, YTO 06YC/I0BJIEHO HU3KOH TOYHOCTBIO MIOKa3aHUH CYETYHKOB
BO/Ibl U aBAPUIHBIM COCTOSIHHEM BHYTPEHHHX CeTeH 4aCTHBIX JOMOB.

KiroueBble cj10Ba: BOJONPOBO/IHbIE CETH, IIOTEPH BOAbI, BOJHBIN 6a/laHC, BHYTPEHHAA CeTb, 3G PEKTUBHOCTD

Jna nurupoBaHMsA: CaakaH A.A. OLeHKa oTepb BOJAbl BO BHYTPEHHHUX CeTAX BOAOCHabGeHHUs // U3BecTusa Tomckoro mno-
JINTEXHUYECKOTO yHUBepcuTeTa. WHXUHUpPUHT reopecypcoB. - 2025. - T. 336. - Ne 5 - C. 76-84. DOLI
10.18799/24131830/2025/5/4682

Introduction vices were calibrated in the water supply system of
The access to water is crucial for life, prosperity, different settlements of the Republic of Armenia (RA).
and all human activities [1]. Water resources must be  The analysis of the results of the laboratory calibration
used effectively to meet the demand of the ever- of the water meters showed that about 41% of the wa-
growing population, considering the limited and dwin-  ter meters (or 1235 water meters) are malfunctioning or
dling water availability [2]. Water distribution net-  have external interference (the results were taken from
works face growing pressures from rising population  monthly Report of the Water Supply Company in RA).
levels, increased urbanisation, more significant uncer- Leakage due to pipe bursts is a major inefficiency
tainty in supply due to climate change, rising energy in water distribution networks and over 20% of the
prices, volatile global economy, and more complex water entering public supply in England and Wales is
social and regulatory environment [3]. lost as leakage, a wastage of over 50 litres per person
The water loss is either leakage or real loss occur-  per day [7]. The annual water loss volume worldwide
ring in pipes, storage reservoirs, and customer connec- is substantial; it has been estimated to be 126 billion
tions or apparent loss occurring due to customer meter  cubic meters, which costs about USD 39 hillion annu-
under registration, errors in data handling and billing, ally [8].
or unauthorised use [4]. The non-revenue water in-
cludes not only the real losses, but also the apparent Literature review and problem statement
losses and the unbilled authorized consumption. Real Traditional leakage identification and analysis
water losses consist of the physical losses along the methods are unable to offer a rapid response [9]. How-
system down to the water meters of the clients, which  ever, thorough methods for water loss assessment were
comprise all leakage (from cracks and fractures) and not available two decades ago [10]. Later, significant
reservoir overflows. The apparent losses cover the non-  advancements were made due to the development of
authorized consumption as well as consumed water new concepts and methods for water loss management
that is not metered, data handling and billing errors, [11]. The components of water loss can be assessed
underestimation of unmeasured consumption, and cli-  using the common top-down water audit methodology
ent metering inaccuracies [5]. Leakages or unused wa-  [12] or, alternatively, by establishing a water and
ter amount are useless costs: technical losses from  wastewater balance [13]. Leakage can also be estimat-
structures, malfunctions of pipelines and equipment ed using Minimum Night Flow analysis [14, 15] or the
and accidents in the form of leakages, as well as illegal component analysis of the leakage [16]. Yet, these
connections. Reducing losses will significantly in- methods use different approaches (and scales) to esti-
crease the efficiency of the water supply system It is mate the water loss components and thus different cor-
obvious that reducing leakages enables the reduction of  rective measures are prioritized [17] and different eco-
water production. In the field of leakage management nomic levels of leakage are planned, contributing to
of water flow distribution networks, leakage detection less effective water loss management. Reducing all
is a critical research subject [6]. water losses components to zero is neither technically
For most developing countries, the apparent water  possible [18] nor economically feasible because the
losses can be the major problem due to illegal connec-  greater the level of the resources employed is, the low-
tions and water theft. Illegal connections are also er are the additional marginal benefits [19, 20].
wasteful expenses, commonly referred to as commer- Based on the importance of the issue, we have con-
cial losses. The responsibility for their registration, ducted loss assessment studies. In order to increase the
detection and bringing them into the legal framework practical significance of the work, in a number of set-
derives from the interests of the water supply organiza- tlements of the RA, where water supply services are
tion. Recently, during January 2024, 3048 gauging de- provided by a private operator, internal water supply

77



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2025. V. 336. 5. P. 76-84
Sahakyan A.A. Assessment of water losses in internal water supply networks

network systems with different technical conditions
(number of floors, amount of pressure in the network,
year of construction, type of gauging device, etc.) were
selected, in terms of which tests and various reconstruc-
tion operations were carried out. Operational experience
shown that the correct assessment of loss components is
important for increasing the efficiency of detection of
total leakage from the water supply system [21].

Materials and methods

Al Washali et al reviews some methods to assess
water loss [22]. The most accepted indicators of them
are as follows [23]:

1. Losses in volume of water:

a) per length of mains per unit of time;

b) per length of system per unit of time;

C) per property per unit of time;

d) per connection per unit of time;

e) per connection per unit of time and per unit of
system pressure.

2. Non-revenue water as a percentage of system input
water volume.

Infrastructure leak index, which relates the annual
and unavoidable actual losses.

Some authors suggest using hydraulic models to de-
tect leakages in water supply networks [24-26]. Con-
sidering the importance of the issue, the International
Water Association (IWA) was founded in order to co-
ordinate the working groups on water losses, to im-
prove the water loss index, and to develop management
procedures. One of the goals of the association is also
to develop a methodology to identify and detect those
parts of the water supply network where there are high
levels of leakages [27].

Taking into account the provisions of the existing
methods, as well as our own studies, we conducted
research on the assessment of the components of water
losses in the water supply systems of the RA and pre-
sented recommendations to reduce the volume of unac-
counted water amounts.

In order to assess losses from the system, we have
studied the water balance of water supplied for drink-

3.

Total Water Amount Sald (thousand m®)

Water Amount Sold at a Wholesale Rate (thousand m?)

Water Amount Used for Private and Other Structures (thousand m®)
Water Amount Purchased by Commercial Organizations (thousand m®)
VWater Amount Purchased by Stare Organizarions (thousand ma)

Water Amount Used for Irrigation Purposes (thousand m?)

Water Amount Thilized by Houdng Blocks and Private Enterprises (thousand m3)

ing and economic purposes in the RA settlements
(Fig. 1), as well as the components of the sold water
amount (Fig. 2) for 2022.

Water Amount Entering the System (thousand m3) 541469.9
Uncollected Water Amount (thousand m?3) 386404.4
Collected Water Amount (%) 71.4

Sold Water Amount (thousand m3) 155065.0

I Uncollected Water Amount

I sold Water Amount
Fig. 1. Water balance of 2022
Puc. 1. Boowubili 6aaanc 2022 2.

According to the conducted research, the loss in the
studied system is 71.4%, and the main part of the sold
water amount is utilized in the sector of residential cus-
tomers, but it is only 18.4% of the produced water
(Fig. 2). Based on the aforementioned, we believe that
the indicated index is not satisfactory, and there is a
need to carry out original studies in order to assess the
losses in the indicated area.

In order to fully calculate the water losses (losses)
from the water supply system of the RA settlements,
we separately assessed the following two components:
* losses from internal networks of housing blocks,

* losses from internal networks of private house-
holds.

In order to solve the posed issue, the structure of the
RA housing stock was also studied, which is presented
in Table 1.

1550848

9178

0

Fig. 2. Components of water amount sold during 2022
Puc. 2. KomnoHenmbl 06sema npodaHHOU 800bl 8 2022 2.
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Table 1. Number of apartments of housing blocks and

private houses per the RA Marzes, 2022

Ta6auya 1. Konauvecmeo kKeapmup 8 MHO20K8APMUPHbIX
domax u yacmuuix domax no map3am Pecny6au-
Ku Apmenus (PA), 2022 a.

Apartments in housing | Private hous-
RA Settlements blocks, units es, units
HaceneHHble nyHKTBI PA KBapTUpBI B )KUJIBIX YacTHble
JloMax, K0JI-BO JI0Ma, K0JI-BO
Yerevan/EpeBan 250872 64843
Other settlements 209931 362620
/lpyrue HaceJleHHbI€ TYHKThI
Total/Bcero 460803 427463

According to the presented data, the RA housing
stock consists of 461000 (52%) apartments and 427000
(48%) private houses, and the majority of housing
blocks are located in Yerevan City, and private houses
are located in the rest of the settlements. Based on the
aforementioned, in order to increase the degree of ac-
curacy of the results of the research, the assessment
works of losses in housing blocks were carried out in
the water supply network of Yerevan City, while that
of the private sector — in other settlements.

In order to have the fundamental answer to the
mentioned issues, the article presents our studies of
2022. Based on them, all the provisions given in the
article were tested during the operation of the existing
water supply systems and received a positive result.

Discussion and results
Assessment of losses in internal networks
of housing block

According to the data of Statistical Committee of
Armenian Republic out of the 888266 apartments of the
RA housing stock, 460803 are apartments in housing
blocks. Taking into account that the density of housing
blocks in Yerevan exceeds the same indicator of other
settlements several times, therefore, in order to increase
the accuracy of the calculations, further studies were
carried out in the water supply network of Yerevan it-
self. The conducted studies shown that the internal water
supply and drainage networks of the housing blocks that
are the subject of the research are in a technically poor
condition. If some repairing works were carried out by
the residents in the area of the basement floors, then no
investments were made on the water supply and espe-
cially the drainage pipelines in the area from the build-
ing water meter assembly to the external network in the
last 20-30 years, except for the partial repairing works
conducted by the local self-government bodies in the
internal water supply network of the buildings.

It is also necessary to mention that currently there
are privatized facilities of various purposes in the in-
ternal networks, which in their turn not only do not try
to maintain the systems located in these areas, but by
performing certain reconstructions of the basements,
they make it more difficult to maintain the systems.
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There are about five thousand 4 to 16-storey hous-
ing blocks in Yerevan. The studies were implemented
in all districts of Yerevan city using water meters of
various degrees of accuracy, as well as selecting build-
ings of different floors which were built in different
years and have one or more water supply points. In
order to clearly assess the volume of unaccounted wa-
ter amount caused by gauging devices installed in the
building, targeted and original experimental studies
requiring large investments were carried out. Their
purpose was to replace the water meters installed in all
apartments of the buildings separated by the selective
principle with water meters of class B and C with ac-
ceptable accuracy. As well as to identify the volumes
of losses caused by inaccuracies and various manipula-
tions of gauging devices.

11 housing blocks with a total of 668 apartments were
selected in Yerevan, on the entry lines of which high-
accuracy class C gauging devices of the "SENSU" brand
were installed. Gauging devices in all apartments were
replaced with highly accurate B and C class "Actaris"
water meters. Fig. 3 shows the results recorded in one of
the buildings, where before replacing the water meters,
the amount of water entering the building was
6072 m*/month, and the amount of water forming revenue
was 2607 m*month, therefore the loss in the internal
network was 43%. Three months after replacing the water
meters, the amount of water entering the building was
4400 m*/month (decreased by 1672 m®), and the revenue
was 3630 m*/month (increased by 1023 m®), therefore,
the loss decreased and amounted to 17.5% (Fig. 3).

7000

m>/month

6000

5000
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1000

0
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July September

Fig. 3. Results of replacing water meters in a housing block
Puc. 3. Pesysabmambl 3aMeHbl ciemyuko8 800bl 8 MHO20-
KeapmupHom dome

Analyzing the results of the loss assessment of the
internal networks of the selected buildings, it can be
stated that the unaccounted water amount generated
from the gauging devices installed in the apartments of
housing blocks and the internal networks of the build-
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ings (from the general gauging device of the building
to the customer's apartment) is about 57% of the water
supplied to the building (in the calculations 55% is
considered). By the way, after installing class B or C
water meters with different degrees of accuracy, the
amount of loss in the internal networks of buildings
ranged from 14 to 18 percent. And since the cost of a
high class C water meter is 3—4 times higher than the
cost of a class B water meter, it was economically im-
practical to acquire class C water meters.

Based on the results of the studies, the efficiency of
the internal networks of housing blocks can be as-
sessed with the following expression:

Wunac.w- :(Wl_WZ)_(W3_W4) ’ (1)

where W; and W3 are the water amounts supplied to the
building before and after the replacement of the water
meters (m*/month), while W, and W, are the monthly
utilized water amounts before and after the replace-
ment of the water meters (m*/month).

Taking into account the fact that before the re-
placement of water meters, the water amount provided
to any building under study is about 2.2 times higher
than the sold water amount, and after the replacement
of water meters — only 1.18 times, the following ex-
pression can be written:

Wonaew=(2,2Wo-W,)—(1,18W4-W,)=1,2W,-0,18W,. (2)

Based on the results of the tests, if we accept that
the water amount sold before the studies was almost
30% less than the water amount sold after the replace-
ment of water meters, the following can be written:
W,4/W,=1.3. In this case, expression (2) will take the
following form:

Qunaca=1,2W,-0,18x1,3W,=\W,. 3)

Therefore, the unaccounted water amount in the in-
ternal networks can be assessed by expression (3).

During 2022, the water amount sold in housing
blocks was 49.9 million m®, applying the above ex-
pression; it can be stated that there is about 50 million
m°/year of water loss in the internal networks of hous-
ing blocks, which is almost 9.0% of the amount of wa-
ter produced. Summarizing, it can be said that large
water loss in the internal networks of housing blocks is
caused by the inaccuracy of the gauging devices in-
stalled in the apartments and the commercial losses
caused by affecting them in various ways.

Assessment of leakages from the internal network
of private households

In Armenia 362620 of the 427463 units of private
houses available in the housing stock are located in 10
marzes, so in order to increase the degree of accuracy of the
research, the studies were carried out in the marz settle-
ments. During the conducted studies, the rate of water loss-
es in private households was assessed. The losses are main-
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ly caused by hidden accidents on the entry lines, inaccura-
cies of gauging devices, as well as illegal connections.

Through the analysis of the results of studies car-
ried out on Hatis street of Abovyan City and 5 streets
of other settlements in the RA, the work was carried
out aimed at assessing the volume of unaccounted wa-
ter amount.

The following activities were carried out during the
studies on Hatis street:
the entry lines of all 115 private houses were recon-
structed, up to the boundary separating the custom-
er's area from the street (enclosure, fence, etc.),
where water meter wells were installed;
water meters calibrated in the hydrometric laborato-
ry were installed on the entry lines feeding the pri-
vate houses. The water meter assemblies were taken
out of the territory owned by the customer and in-
stalled in the wells on the sidewalk;
using special tools (flow meter, leak noise correla-
tor, aquaphone) and gradual testing at night, all
hidden accidents were identified and eliminated;
registration of water meter readings was carried out
twice a month before the start of construction works
and after the completion of the works.

The changes in the outputs recorded after the listed
works are shown in Fig. 4.

The d=160 mm diameter steel pipeline located in the
studied section of Hatis street was built in the late 1970s.
It passes along the sidewalk and is affected by small
dynamic forces as a result of the non-intensive traffic of
the street. The pipeline is fed from the Abovyan daily
regulation reservoir and provides 24-hour water supply
to 115 customers. The pressure in the water line ranges
from 2.8 to 3.2 atm and is mostly stable because it is
within the service range of the pressure regulator.

In order to present the picture more clearly, the vol-
umes of water supply and consumption recorded dur-
ing the test are shown in Table 2. It is important to note
that the pressure in the street water supply system re-
mained almost constant during the test.

As it can be seen from the presented results, the wa-
ter amount consumed on Hatis street decreased from
7100 to 2820 m® and amounted to 4280 m?, while the
utilized water amount increased by 1077 m® and
amounted to 3295 m®. In this case, expression (1) can
also be used, where Wy and W3 are the water amounts
entering the district before reconstruction and after
reconstruction (m3/month), and W, and W, are the wa-
ter amounts sold before reconstruction and after recon-
struction (m*/month). Taking into account that before
the implementation of the works, the volume of water
amount entering the district was 3.2 times more than
the sold water amount, and after the works it was 1.3
times, so in this case the expressions (4) and (5) can be
written:

Wonacw=(3,2Wo- W) —(L,3W4-W,5)=2,2W,-0,3W,.

(4)
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Fig. 4. Hatis street water supply scheme
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Table 2. Results of research conducted in the section of private households
Ta6auya 2. Pesyabmambl uccaedo8aHus, npogedeHH020 8 CeKYUU YaCmHbIX domMox035tcme
Water amount, m3/month Test results
Water amounts of network sections 061beM Bobl, M3/Mec. Pe3ysbTaThl UCTIBITAHUM
OGDBEMDI BOAIBI Ha y4acTKax CeTH before the work was done | after the work was done me o
J10 IpOBeJIeHUs paboT 1mocJjie OKOHYaHHs paboT °
Entering Hatis street/Bbe3/ Ha ynuny Atuc 14870 12320 -2550 -17,15
Towards housing blocks 6480 6490 10 015
Ha nyT kK MHOTOKBapTHPHBIM JjoMaM
Towards the first lane/K nepoii nosioce 1290 1550 260 20,16
Water amount consumed in the studied section of Hatis
street (households) 3 7100 4280 2820 39,72
KosinuecTBO noTpebisieMoil BOJbI HAa UCCJIE[yEMOM
y4dacTke yJauibl ATUc (JJoM0X0351#cTBa)
Water amount sold in the studied section of Hatis street
(households) , 2218 3295 1077 48,56
KosindecTBo BOJbI, peann3yeMoi Ha UCCIeyeMOM
ydacTKe yJauLbl ATUC (JloMOX0351#cTBa)

Based on the test results, if we accept that the water
amount sold before the studies was almost 1.5 times
less than the water amount sold after the works, then it
will be W,=W,/1.5, so we will have the following:

Winacw-=2,2W—0,2W,=2,0W,. 5)

In other words, it can be stated that the specific
weight of the unaccounted water amount in the private
sector, compared to the sold water amount, almost
doubles the same indicator of housing blocks.

Under original conditions, similar tests were carried
out on Nairyan and Yeritasardakan streets of Abovyan
City, as well as on Teryan, Rustaveli and Lazo streets
of Gyumri City, and almost the same results were ob-
tained in all cases (Table 3).

During 2022, the water amount sold in the private
sector was 49.9 million m®. Applying the above ex-
pression, it can be concluded that there was almost 100
million m® of unaccounted water amount in the internal

network of the private sector per year, which was
18.5% of water production.

Table 3.

Results of studies carried out in the private sector
Ta6auya 3. Pesynomamobl ucciedosaHuli, nposedeHHuIX 8

YaCMHOM cekmope

06beM Boabl, M3/Mec./Water amount, m3/month
supplied/nojaBaeMoit sold/peasnusyemoit
before the after the before the after the
Street Names
HazsaHus yauu work was work was | work was work was
done done done done
o nocje o nocje
MpOBe/IeHHUsl | OKOHYAHUSI | TPOBEIEHHUs] | OKOHUYAHUS
pa6oTt pa6oTt pa6oT pa6oTt
Nairyan/Haupsia 77760 81300 22062 33131
Yeritasardakan | 5440, 70570 39312 56531
EpuTacapaakaH
Teryan/TepsiH 25920 20800 7812 12790
Lazo/Jla3o 36288 15230 12230 14676
Rustaveli 46656 27550 14251 23035
PycraBesn
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Analyzing the results of the study, it can be con-
cluded that the inputs to private households were once
carried out with gross violations of technical norms,
which leads to the occurrence of hidden accidents, in
particular:
the necessary burial depths of the pipes were not
observed;
built with poor quality pipes;
construction and installation works were carried out
by people without professional qualifications;
in many cases, after reconstruction of the entry line
of the house by the resident, the previous water line
was not dismantled, which caused both commercial
and hidden leakage;
due to the location of the water meter assembly on
the owner's territory, it was possible to make illegal
connections to the gauging device for irrigation and
water intake for other purposes;
after the replacement of the water lines implement-
ed in the streets during the Soviet years, the old wa-
ter lines were not decommissioned and therefore
many private houses have two water connections,
from the old and new water lines, one of which is
illegal.

Assessment of components of losses
in Yerevan water supply systems

The results of the comprehensive research on
unaccounted water amounts in the internal water
supply network are summarized in Table 4.

Table 4. Water balance of Yerevan water supply systems
Ta6auya 4. BodHbill 6anaHc cucmem 8000CHAONHCEHUS 20PO-
da EpesaHa
Unaccounted water amount
HeyuTeHHbIH 06'bEM BOJIbI
Components of unaccounted water -
in % to pro-
amount .
CocTaBJisifoLlie HEYYTEHHOTO million duced water
m3/year B % K
KOJINYEeCTBa BOJbl .
MJIH M3/Tozi | J0GbIBaeMoOM
BOJlE
Housing blocks/?Kubie 6J10KH 50,0 9,2
Private households 3 100,0 185
YacTHble JOMOX035IHCTBA
Total losses from internal networks 5 150,0 27,7
O61uiMe NOTepH OT BHYTPEHHUX ceTel
Sold water amount 3 1551 28,6
KoJsinyecTBO Npo/JaHHON BO/ibI
Total (produced water amovunt) 5415 100,0
WUtoro (o6 beM f06bIBaeMOii BO/ibI)

The studies carried out in different settlements
show that the unaccounted water amount in the internal
water supply network is almost equal to the volume of
the sold water amount. In the system which has 71.4%

82

water loss, over 27.7% of it is unaccounted water vol-
ume caused by low accuracy of water meters and the
emergency condition of internal networks of private
houses, and 43.7% is the water loss in the external wa-
ter supply system (Fig. 5).

‘ 28.6%

I Losses 236.4 million m%/year
- Sold Water Amount 155.1 million m%/year

- Losses from Internal Networks 150.0 million m%/year
Fig. 5. Balance scheme of annually produced water amount
Puc. 5. Cxema 6asaHca 20008020 kouvecmea dobvleaemoll
800b!

Conclusions

1. Research conducted under real conditions showed
that internal water supply systems are in poor con-
dition. Technical losses and unaccounted consump-
tion of water in the water supply system of housing
blocks and private houses make up 27.7% of the
produced water.

In order to improve the operation of the internal
water supply and drainage system of housing blocks
and inventory water losses reaching up to 60% and
then to eliminate them, it is recommended to carry
out urgent investments.

. According to the technical-economic calculations,
the investments made in order to eliminate the
above-mentioned loss are perhaps the most effec-
tive means for reducing the amount of unaccounted
water, because according to the provisions of the ar-
ticle, in order to eliminate the uninventoried water
amount that constitutes huge volumes in internal
networks, it is enough to replace the gauging devic-
es with the ones having the highest accuracy, and in
the case of private houses, the entry lines of the lat-
ter as well.

It is necessary to define the priority of the distribu-
tion network zoning, to detect and eliminate losses
at the current stage, considering the technical condi-
tion of the system.

n
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