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WATER LOSSMANAGEMENT EXPERIENCE OF LITHUANIA

This article presents some gener al techniquesfor real water loss
reduction and the results of tests on the waysfor reduction of appar ent
water lossesin Lithuanian water supply systems. It has been

deter mined that the replacement of customer water meters (by ClassC
meters) can result in 10-15% reductionsin apparent water losses.
Thereisalso presented a definition of night flow elements such asreal
water loss, night water consumption and background water loss. The
article also defines minimum night-time water consumption for a single
user which was deter mined as (0.9 I/h/flat).
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Introduction. Water management is an important part of the urban
infrastructure. Its condition and quality have gedi impact on population
welfare and health as well as economic developmeithuania has
58 water utilities which supply, by centralisedwatks, about 95% of the
total water volume consumed in the country.

Only groundwater is used for centralised water BuippLithuania. Not
a single water utility uses surface water for drigkpurposes. Over 80% of
the country’s population is connected to the watgyply network. In cities
the degree of connection reaches 99%, while ifl Breas in some cases it
is below 50%. The country has enormous groundwagsources —
4 min.m?3/day, of which about 0,4 min.m3%/day is eutty being exploited.
Therefore, from water supply utility point of viewhere is no such big
motivation for saving water that is leaking frometivater network. From
scientific and humane point of view it is unaccéjgado not take any
measures for water loss reduction, because it sawssustainable use of
one of the main most lacking natural resource atdhe world. Seems only
one driver could motive utilities is establishirgetlegal regulation for the
maximum mandatory permissible losses in the netwésklong as such
regulation is absent, water utilities lack real ivation for applying active
measures for water loss reduction.

The chart presented in Figure 1 shows water losseéghuanian water
utilities. At the best utilities losses represeh®®b, at the worst — exceed
54%.
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Fig. 1. Level of water losses at different citied.ithuania (2013)

Water loss is described as difference between veduofi water supplied
to the water network and sold to the consumerst[16]. There are two
types of water loss that can occur in water sugpbtem: real water loss
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and apparent water loss. Sometimes they can alsallegl as physical and
commercial water loss.

Water that is lost from the distribution systemotigh leaking pipes,
joints, and fittings, leakage from reservoirs, amgroperly open drains is
called real water loss. And water that is not ptaléy lost but does not
generate revenue because of inaccuracies relatedistomer metering,
consumption data handling errors, or any form G#gal use is called
apparent water loss. The sum of real and appacases$ plus unbilled
authorized consumption is defined as total wates lor according to the
standard water balance methodology — non-reventer W&RW) [6, 7].

According to International Water Association (IW&uidance Notes
for Leak Location and Repair there are passive active water loss
reduction measures [5]. When a Water Supplier oefyairs leaks and
bursts that are reported to them, that is knowRassive Leakage Control
(PLC) [2, 3].

While Active Leakage Control (ALC) essentially sedvthe problems by
creating a comprehensive water loss reductionegtyatALC covers finding
and fixing unreported leaks that usually would mengach the surface of
the ground. Active Leakage Control includes: Watalance and
Performance Indicators calculation, zoning of wagapply network for
District Meter Area (DMA) installation, flow measment, control of water
meters, pressure management and permanent seatebkofg pipes by
using appropriate equipment. [1, 6].

Resear ch methodology. The technique of real water leakage monitoring
requires the installation of flow meters at strategoints throughout a
distribution system, each meter recording flowsd(aften pressures) into a
discrete sector or district which has a defined pedmanent boundary.
Such a district is termed a District Meter Area (BMIn the United
Kingdom DMA would cover between 500 and 3000 resii@g¢ house
connections [5]. In Lithuania one typical DMA inexage city would cover
between 50 and 500 residential house connectiolgsire-2 represents
typical DMA in one of Lithuanian cities during watiess reduction project.
This DMA has 195 connections all of them are rediidé houses. Certain
DMA is divided in to smaller sub zones for more @fie information of
night water consumption.

During the DMA investigation it is important to getoper information
about: total length of water mains and undergrquipds from the mains to
the water meters, number of connections and warsyaverage pressure
in water network during the night time. Pressurs significant impact on
water leakage from the water network. The highergtessure in the water
network, the greater the water loss.
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Fig. 2. Typical DMA in one Lithuanian city with
night water flow measurement results

Night flow data from DMA’s provides the informatiohat enables the
prioritization of the leak location effort. Thisfeft is divided into two
separate activities, leak localizing and leak lmratLeak localizing is the
‘narrowing down’ of a leak or leaks to a sectionaopipe network. Leak
localizing can be undertaken as a routine survethefnetwork or part of
the network, e.g. every six months or annuallgait also be carried out in
targeted areas e.g. DMA's with high night flows.akelocation is the
identification of the position of the leak and ifteo referred to as
‘pinpointing’ [5].

Night flow measurement data from 02:00 till 04:08ually represents
potential real water losses. During this time peribere is no residential
water consumption or if there is, it is at the mmoim level. During the
DMA research it has to be checked if there is ndugtrial objects
connected to DMA that could increase night watersconption. Figure 3
shows typical water consumption and pressure patfeone DMA.
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Fig. 3. Flow and pressure patterns in typical DMA

After receiving this kind of measurement data itigst be said that not
100% of all night flow is only water losses [8]. Wasupply network has a
lot of valves, joint, fittings, connectors thatdescribed as high risk places
for water leakage occurrence. Most often only smvalume (less than
0,25 m?3/h) of water is lost from these slowly leakiplaces so it is
economically inefficient to search for this kindetlso-called background
leakage [5]. In order to define real water loss itmportant to consider that
measured night flow also covers background leakay@ night water
consumption. Figure 4 graphically shows the comptmef night water
flow that is measured in water network.

Volume of background water loss is usually smalbeshponent of total
night flow. It depends on three indicators: lengthwater mains, number of
connections and night water network pressure. Backgl water losses in
DMA or entire city can be calculated accordingte formula [2-4]:

(200L, +1,25[I\|S)Eq5H—0)1'5,I/h )

where L, — length of water mains in kilometerdys — number of
connectionsH — average pressure of water network during thietrige in
meters of water column.
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Fig. 4. Total night flow components in DMA

Night water consumption is relatively bigger and eary with number
of connections and water users in DMA and theirewabnsumption habits.
If there is any industrial companies it is necegsartake into account their
water consumption, because they can vary from eatiggl. Volume of real
water loss depends on water network condition &relaf DMA. Namely
this part of total night flow is most interestingdause it can be eliminated.

Apparent water loss usually cannot be seen in vilther measurement
graphs. Inaccuracies related to customer meteridgdata handling errors
do not increase water consumption it only countsrirectly the volume of
water that was consumed. However it is possibleack illegal water use
(theft) by measuring the flow in DMA and comparingter volume that
was supplied to the system with water volume thet tilled.

Apparent losses also occur from unauthorized copsam which is
caused by individual customers or others tampeuiitly their metering or
meter reading devices, and other causes. Direcerwhefts are rarely
committed. However, measurement errors and inaciag@f water meters
is a very actual problem. Because of apparentdassparticularly serious
due to the fact that consumed water usually getstive wastewater system.
A water utility provides a double service — suppheater, and collects and
treats wastewater, but nobody pays for that. Hawaggr utilities should be
especially interested in the minimization of appanesses, since due to
these losses they sustain financial losses in tefradull price of water and
wastewater, rather than a small amount as in the ableak stopping.

For any types of apparent loss, it is incumbenutlity mangers and
operators to realistically assess metering andhdilinconsistencies, and
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then develop internal policies and establish pnograo economically

minimize these inefficiencies. It is also importaatclearly communicate

with customers, governing bodies of the utility andnicipalities, financing

agencies, and the media the problems of apparsestdoand the need to
control them.

Results. After the flow measurement and background watets los
calculation sometime it can be hard to define @brreight water
consumption in the DMA. Usually every water utiltégn define number of
connections and water users in DMA. But there idagal document that
reveals how much water is used in one statistesidential house or one
flat in blockhouse. To fill this gap measurementswdone in 16
blockhouses of 4 different cities of Lithuania. gy the investigation
water was metered with bulk water meter that covaoblsme of water that
is supplied for all residents of blockhouse (segifé 5).
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Fig. 5. Bulk water flow meters installed in ser@@$lockhouses:
1 — water main pipe; 2 — bulk water meter; 3 — wagser

Number of measurement days in different blockhaasees from 11 to
38 days. Number of flats in the blockhouse vaniemf12 to 96, but mostly
these are typical blockhouses that can be foundath Lithuanian city.
After the measurement it was defined average nigitér consumption for
one flat — 0.9 I/h/flat. The determined night watefume was verified by
identifying real water losses in the water suppiywork and by making
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calculations of the water system water balance.

Calculations included data of night flow between:002and 04:00
o'clock. Figure 6 shows water consumption in onpidsl blockhouse
during the night time. It is clear that even durth@ night time there is
some casual water consumption.
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Fig. 6. Night water consumption in typical blockiseu

Defined average night water consumption can alsoubed for
residential houses, because number of residentnénflat and in one
individual house is mostly the same. The perfornagalysis of each
blockhouse individually has shown that water constion depends on
dwellers’ habits and it is difficult to see any agbnships between
consumed water volumes and the number of flats.ti@nbasis of the
average water consumption per flat determined dunireasurements it is
possible to quantify the minimum night water conption in the zone
concerned. Night water metering is conducted ifedht districts where
different consumers are present (in terms of wa@msumption) and
therefore the determined average night water copsamindicator can be
used for establishing the permissible level of highter consumption.

The reduction of apparent water losses is quitéffarent field then
reduction of physical water losses as it does equire large additional
investments and can produce quick and efficientlies

Apparent losses occur as a result of inefficienaiehe measurement,
recording, archiving and accounting operations usddack water volumes
in a water utility. These inefficiencies can be s&di by inaccurate or
oversized customer meters, poor meter readingndpiland accounting
practice, or weak policies. This article presehis tesults of tests on the
ways for reduction of apparent water losses in dattian water supply
systems. The aim of research is to show that appaser losses consist of
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considerable share of water losses and to proveirthansiderable efforts
can significantly cut down water losses and imprthes utilities’ financial
situation.

Single-flow water meters of Class B are normallyedidfor water
accounting in Lithuania. Such metrological defimiti of meters is
inaccurate, as a new EU standard adopted in 2G@®minued using such
metrological classification of water meters. LST EMAL54-1:2005 standard
defines metrological classes by/Q, ratio, which by analogy to the former
Class B should exceed 50, while by analogy to Ctasshould be above
160.

In accordance with legislation, periodic verificais are conducted:
every 4 to 6 years for customer water meters, aedye? years for bulk
metering instruments, industrial and public cust@ndReally, customer
water meters are replaced every 8-12 years, whilevbater meters — only
when they do not pass metrological verificationst€d meters of adequate
quality are re—installed at industrial water inlet.

Reduction of apparent losses is important, bec88% of Lithuanian
water consumers pay for water according to theingadof water meters.
Customers invoiced according to the water conswnptite set by a utility
account for less than 1% of the total customersréfore, a water meter of
metrological Class B is mounted in each privatesear flat.

The aim of the investigation was to evaluate whisses in single flats
of a blockhouse. For this purpose meters were cegdlan the flats of three
blockhouses in Alytus city, Lithuania. The existiofd customer water
meters of Class B, 15 mm in diameter, were repldnesiew meters of
Class C. Parameters of the old and the new cust@Di¢i5) meters are
given in Table 1.

Table 1
Data of water meters

Model Class DN, Start Qu | Qo Qa, Qa,
mm | flow,I/h | /h | I/h | m¥h | m¥h

Smart C+H
boWoGal C 15 5 10 16 1.6 2.0
Residia, B 15 15 30 | 120 | 1.5 3.0
Sensus

Three blockhouses were chosen for the test. Thieelod these houses
has been prompted by the fact that it was abouw torreplace their meters
and the water losses in these houses correspondtte taverage water
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losses in blockhouses. Meters in these blockhouses replaced during
March 2013. The last data were received in Jan2@iy. At Figure 7 are
presented measurement data obtained during 10 month

Approximately 150 outdated water meters (DN15) wesplaced in
blockhouses. Average apparent water losses in tioases totalled 68 n
per month. After 10 months of measurement by GQlasseters water losses
in blockhouses dropped to 14 ger month.

Water amount increasement
because of C class measurement

accuracy
Bulk meter and apartment C class
meters diference

Bulk meter and apartment B class
meters diference

-80 -60 -40 -20 0 20 40 60 80
Average amount of water, m*month

Fig. 7. B and C class customer water meter difiegen

After customer meters of Class B were replaced lag<CC, it has been
determined that average possible losses in flatalaout to 12 litres /day or
around 4 riflat/year. Considering that the price differencetvieen
customer meters of Class B and Class C is aboutSID, while the prices
of installation and other works are the same, tinéydifference in meters
prices can be used in economic calculations. Taling account the
difference in prices of water meters of Class B &tabs C, investment in
the replacement of meters will recoup quicker timaa year. According to
the performed calculations, installation of Classn@ters in flats would
reduce apparent water losses in private houseslkmehouses by more
than three times and at the same time would ertsgheer revenue for a
water utility.

Conclusions. In order to reduce water loss it is necessaryke fsctive
Leakage Control (ALC) measures: divide water nekwior to zones or
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District Meter Area’s (DMA), analyze measuremertadand use specified
equipment for identification of leakage position.

1. Night water flow measured in DMA present not ondalr water
loss, but also covers background loss and nighenadnsumption. During
the analysis each component must be evaluatedaselyar

2. The determined average minimum night water consiamisty one
flat (house) was 0.9 I/h/flat. This indicator camdpplied to both individual
houses and apartment blocks when calculating thervsalance and actual
water losses.

3. One customer meter of Class C every day measurdister® of
water more than one customer meters of Class B.

4. To reduce the apparent losses, it is necessarsetavater meters of
metrological Class C. For replacement of the metatditional investments
required only the price of the meter. The pay-haekod of a Class C meter
is no longer than one year. The use of Class et water meters can
reduce apparent water losses in flats up to 10%.

5. The replacement of meters is a rapid and easy Wayirdmising
apparent water losses.
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JOCBIJ YIIPABJIHHA BTPATAMHM BO/IU B JIMTBI
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Y craTTi npeacTasiieHi pe3y1bTaTH 3MEHIICHHS peajJbHUX BTPAT BOAU
TA Pe3yJIbTATH BUNIPOOYBAHBb Bi/THOCHMX BTPAT BOAH Y BOJOIPOBITHUX
cucremax Jluteu. ByJjio BU3Ha4YeHo, 1110 3aMiHA JiYMIBHUKIB CIIOKMBA-
4iB (Ha kiac C) Moke NPU3BECTH /10 3MEHIIEHHS BiTHOCHUX BTPAT BO-
au Ha 10-15% . [pencrasiieHi pe3yabTaTH HiYHUX 3aMipiB BoaH, sIKi
CKJIA/IAI0THCH 3 PpealbHUX BTPAT BOAM, HIYHOI0 CIIOKUBAHHS BOAM Ta
JAOMYCTHUMUX BTpAT BoAu. Takoxk y CTATTi ONKMCAHO, 110 BCTAHOBJICHO
napaMeTp MiHiMaJILHOI0 HiYHOI'0 BOJOCIIOKMBAHHA, BiH 1I0pPiBHIOE

0,9 n/rox Ha 1 kBapTHpy.

Knrouoei cnoea: BORONOCTAYAHHS, PeajibHi BTPATH BOAY, BIAHOCHI
BTPAaTH BOJAH, HEBPAXOBAHI BUTPATH, AKTUBHUI KOHTPOJIbL BUTOKIB BO-
au.

Pumeiika M., k.1.H., 1oueHt, FOpkuene A., maructp (BunbHrocckwuii Te-
XHUYECKUI yHHBepcHuTeT uM. ['enumunaca, Jiutsa)

OIIBIT YITIPABJIEHUSA ITIOTEPAMMU BO/IbI B JINTBE

B cTraTbhe npeacTaBiieHbI pe3yJIbTAThbl YMEHBIIEHHUSI PeaJbHBIX MOTEPH
BO/IbI ¥ Pe3yJIbTATHI HCIBITAHUWI OTHOCHTEJILHBIX MOTEPHb BOALI B BO-
JOMPOBOAHBIX cucTeMax JIMTBLI. BbLI0 onpeaesieHo, YTO 3aMeHa CUYeT-
yuKoB norpeduresieii (Ha kiaace C) MOKeT IPUBECTH K YMEHbIIEHUIO
OTHOCUTEJbHBIX MoTephb BoabI Ha 10-15% . IIpeacTaBiaeHbl pe3yJabTaThbl
HOYHBIX U3MEPEeHNid BObI, COCTOSIIUX U3 PEAJTbHOH MOTEepH BOJAbI, HO-
YHOI0 MOTPedIeHnsl BOABI M JOIYCTHMOIi moTepH Boabl. Takike B cTa-
The OMUCAHO, YTO YCTAHOBJIEH MAPaMeTP MUHUMAJILHOT0 HOYHOI0 BO-
gpomorpedaerusi, on pasen 0,9 1/uac Ha 1 kBapTHpY.

Knrwuesuvie cnosa. BonocHad:xkeHne, peajibHAsA MOTEPsSI BO/Jbl, OTHOCUTE-
JIbHAS TOTePS BOAbI, HEYYTEHHbIE PACXO0IbI, AKTUBHBIA KOHTPOJIb yTe-
YKH BOJBI.

23



