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Context

Struggling against water losses in water supplytesys is important for territories with
problems in water resources. As a consequencerémelilegislative proposal concerning the
national engagement for the environment stipuldtesfollowing disposition (République
Francaise, 2009): “When the rate of water loss pétvork is greater than the rate, fixed by
the decree according to the characteristics oénmeice and of the resource, the public water
supply and sanitation services establish, befoeeetid of the second exercise following the
exercise for which the excess was noted, an aplamm containing, if it is arguable, a project
of pluriannual program for works aimed at netwinprovement”

This disposition raises several questions, spedific
— Which indicators are the most relevant to assessvtier loss rate in a network?

— Which threshold values can be fixed and according/hich network characteristics
are those to be adjusted?

These questions are to be considered in a constraiontext, since the rules are supposed to
be applied to 14 000 various French water distidiuservices. Moreover, only a limited
guantity of data is presently demanded by the Frelegislation from drinking water
distribution services in the framework of the anmeport on the prices and on the quality of
the service (République Francaise, 2007).

The purpose of this article is to study the watssslindicators, currently used in France and
internationally, as well as to envisage a globdidator which would potentially harmonise

different approaches. This global indicator is saggal to be founded on minimal information
and to allow a more comprehensive analysis whepleogentary data are available. A case
study is provided to illustrate this approach.

French indicators

The main performance indicator, recommended by Fhench legislation (République
Francaise, 2007) to assess water losses in a wmginkater supply network, is the Linear
Leakage Index, defined as:

LL| = CAWL

365xLm

LLI: Linear leakage Index, expressed iffkm/day
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CAWL: Current Annual Water Losses in®nthis volume comprises the real losses and the
apparent losses, according to definitions propdsgedhe International Water Association
(IWA) (Alegre et al., 2006).

Lm: The main’s length in km.

A study accomplished by Cemagref for SMEGREG (alipudiructure in charge of water

saving management in the Departement of GirondéenSouth-West of France) showed a
strong linear relation between the linear leakagdex and the density of customers
(expressed in customers per km of main). The imphthe length of mains on the level of
losses was recognized negligeable as comparedetonipact of the number of customers.
These results concerned rural or intermediate mé&sv@&enaud , 2009).

This study leaded the SMEGREG to adopt a referasyséem of the linear leakage index
adjusted proportionally to the customers’ dengityis actually implies using a new indicator,
the Customer Leakage Index (CLI).
CLI = CAWL
36ExN
CLI: Customer leakage index irffoustomer/day
CAWL: Current Annual Water Losses irf m
N: Number of customers.

The data from more than 2 000 French networks weed to establish the following
references (Table 1) for networks with customersdgriess than 45 customers per km:

Low level of water losses CK 0.08
Moderate level of water losses 0.08 < G10.15
High level of water losses 0.15 < C£10.29
Very high level of water losses 0.29 < CLI

Table 1 CLI system of reference applicable to rurband intermediate networks

International indicators

The Infrastructure Leakage Inddxl(), is an IWA Performance Indicator (PI) for opeoatl
management of real losses (Alegre et al, 2006% Videly used in many countries for ten
years to assess the level of real losses in Watppl$ SystemslLI is the ratio of Current
Annual Real Losse<ARL) to Unavoidable Annual Real LossésARL):
L] = CARL

UARL
UARLIis calculated using the following formula (Lambettal, 1999):
UARL(litres/day) = (18x Lm+ 08%x Nc+ 25%x Lp) x P
where Lm is the mains length (km}\c is the number of service connectiohg is the
aggregate length of private pipes between propewg and customer meters (km), dhas
the average pressure in metres.

Pressure Management is very efficient to reducéethicage level of drinking water networks.
However, ILI being the result of a ratio between two quantitidsch are proportional to
pressure, the leakage reduction volume due to ymessianagement policies does not
significantly influence théLI value.



This fact leads S.W. Trow (Trow, 2009) to develapesv Pl, the Pressure Management Index
(PMI) as the ratio of the Current Average System Pres§DASH to Minimum Annual
Reference Pressur®ARP):

Ml = CASP
MARF
CASPis P used in thdLl formula andMARPIs related to the minimum standard of service:
P
|=————
MARF

S.W. Trow suggests usifdgl andPMI together to monitor the progress in losses redncti
both by Active Leakage Control and Pressure Managei(figure 1).
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Figure 1 Combined use of ILI and PMI to assess watdosses level

Global Leakage Index

In Figure 1, the area delimited by current value$Lband PMI gives an indication of the
potential water losses reduction according to e Wways of action. It leads us to consider
the calculation of the delimited area’s value ahdst to propose a new PI, the Global
Leakage Index (GLI) which is the product of ILI aRWI:

GLI = ILI x PMI

Let UARL; be the value of UARL for P=i, then



UARL =18xLm+ 08xNc+25Lp and thenJARL=UARL, =UARL %P,

this givesILI :ﬂ and PMI = P , then
UARL xP MARF
GLI = CARL X P , giving GLI = CARL or GLI =ﬂ
UARL xP  MARP UARL x MARP UARLarp

Therefore,GLI is independent oP, the average pressure of the network. It is a very
interesting property because in many caBas,unknown. SoGLI can be a first level Pl, easy
to calculate, and which appears to be a useful fool a large scale water losses
benchmarking.

Evaluation of approximate value of GLI

In the framework of the already mentioned studyt thamagref had accomplished for the
SMEGREG, we have shown that for rural networks, ldrggth of mains does not have a
significant effect on the level of losses when teddato the number of customers. As a result,
in average, the value ofl increases with the customers densiy and, for water supply
systems with a lovD, ILI is below 1 (Figure 2), which is impossiblestiretically (Renaud et
al, 2007).
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Figure 2 Variations of ILI according to the customes density

One hypothesis to explain this result is thatis positively correlated with such mains
characteristics as diameter or age, and that, erother hand, these characteristics have a
significant effect on mains contribution to una\aiike losses. It amounts to assume that the
“18” coefficient in theUARL formula replaces a function Bf. Cemagref currently carries out
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studies to test this hypothesis. Henceforth, aéngrtb the data collected during 2003 — 2005
from 102 networks of Gironde (South-West of Frandegan be stated that the customers’
density increases with the increase in the avedigmeter of the network (Figure 3) and
decreases with increasing proportion of PVC caatdias (Figure 4).
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Figure 3 LLI and D according to average diameter
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PVC(iF1 if pipei is a PVC pipe and O otherwise.
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Figure 4 LLI and D according to average rate of PVC

At this stage, in order to take the preponderarfcthne number of customers (close to the
number of connections for rural networks) into aosdovhen explaining the volume of losses,
we propose an approximated estimat&JARL, UARLE, calculated from average pressure and
number of connections only:

UARL (litres/ day) :(58 x Nc+ 08x Nc+25xIp,, x Nc) x P then

ref

UARLE (litres/ day) = ( Dl8

+ 08+ 25xIp,,) X Px Nc,

ref

whereD,¢; is the reference density of connections §ng is the average length of private
pipe between property lines and customer meter.

It is then possible to calculate in the same wagstimated value dLI, GLI:

GLI® :UCL? with UARL, e = ( 18 + 08+ 25%Ip, ) x MARPx Nc
ARP ref
GLIF values for networks studied in 2007 have beerutatied using the following reference
values:
- Dyes = 45 connections/km ;

- Ipres = 0.008 km/connection ;

- MARP=20 m.
ThenGLIE = CARL(litres/ day)
28xNc
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Figure 5 Variations of GLI ¥ according to customers’ density

Contrarily to ILI, GLIF is independent oD, the linear regression slope is close to zero
(Figure 5).

Correspondence between GLi and the SMEGREG reference values.

For rural and intermediate French networks, theima of apparent losses is generally small
in respect to the real losses and the number afiemiions is often close to the number of
customers:

CAWL(litres/ day)
28xN '
In this case, whe®LI® =1, it is almost equivalent t€LI = 003.

CARL=CAWL andN = N_, thenGLI* =

The SMEGREG's reference can therefore be compleieda new threshold (Table 2),
corresponding to the value of UARL when MARP=20.

Very low level of water losses (UARL ) CLI<0.03

Low level of water losses 0.03 < C£l0.08
Moderate level of water losses 0.08 < G10.15
High level of water losses 0.15 < C£10.29
Very high level of water losses 0.29 < CLI

Table 2 CLI system of reference including UARL, level (applicable when D<45 customers/km)

Under the hypotheses stated above, a reference emjuivalent to Gl can be derived
(Table 3).



Very low level of water losses (UARL ) GLIF<1

Low level of water losses 1<GLk3
Moderate level of water losses 3<GK5
High level of water losses 5<Glk 10
Very high level of water losses 10 < GLI

Table 3 GLIF system of reference (applicable when D<45 custons#km)

Considering the equivalence between CLI and 5Glit is reasonable to doubt the
interestingness of this second indicator.

The first, perhaps quite weak advantage, consmstzroviding the thresholds quite easy to
memorize. The second advantage, less trivial, & ty definition, GLF allows more
thorough analyses. Indeed, if estimation of theraye pressure of a service is feasible, it is
possible to calculate PM (the PMI value for MARP = 20) and thus derive thé® (an
estimated value of ILI).

GLI®

PMI,,

ILI & =

Firstly, this gives an idea about the respectivierasts of active leakage control and of
pressure adjustment. Secondly, the evaluation timated values of IWA indicators
facilitates international comparisons. All this dden invite the services, mostly concerned
with water losses, to establish and implement gmadtices proclaimed by IWA to evaluate
PMI and GLI.

Case study: application to a rural network

The Régie Municipale Multiservices de La Réole (RBIMs a rural network of the South-
West of France, having considerable losses, whedidéd to implement the action plan to
struggle against it.

The network is divided into district metered ardablAs) (Figure 6).
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Given the available information on annual consuopbf users, Pls can be calculated over
three zones (S1-2, S3, S4). The overall data anarelalso presented (Table 4, Table 5).

Number of | Length (km) Average Annual Annual
connections Pressure (m)| supplied consumed
volume volume
(m3) (m3)
S1-2 2 451 77 54 385 000 242 000
S3 635 29 110 151 000 79 000
S4 557 35 104 167 000 52 000
Overall 3643 141 80 703 000 373 000
Table 4 RMMS, data 2008
D CAWL LLI GLI - PMI 50 ILI =
(connections/| (m3/year)
km)
S1-2 32 143 000 5.1 5.8 2.7 2.1
S3 22 72 000 6.8 11.3 5.5 2.1
S4 16 115 000 9.0 20.6 5.2 4.0
Overall 26 330 000 6.4 9.0 4.0 2.3

Table 5 RMMS, indicators 2008



Globally for the network, GI5= 9.0, which corresponds to high level of lossesoating to
SMEGREG references. More detailed investigationttef GLF by zone uncovers the
diversity of situations. The indicator appears éaulseful in identifying the problem sectors.

The analysis is followed by calculation of Piand ILF. Globally for the whole network
PMly = 4.0 and ILF =2.3, which indicates that pressure optimizati®rai more efficient
direction of the performance improvement than &cleakage control or assets rehabilitation.
The investigation of values by zone shows thatpibtential of pressure reduction especially
concerns S3 and S4 (PMP 5) and that the S4 is a priority for an actiealdage control.

This example illustrates the interest if using @id=, which enables the identification of the
most critical zones like the Pl per connection avitich additionally, allows to simply
perform a more detailed analysis when the avereggspre is available.

By means of the estimation of the average lengfrighte pipes between property lines and
customer meters, it is possible to calculate theevaf UARL, then that of ILI for each zone
(Table 6).

Ip UARL ; UARL
L (km) Nc (km/Co) |Lp (km) |(l/d) P(m) (I/d)
S1-2 77 2451 0.005 12 3653 54| 197 271
S3 29 635 0.015 10 1268 110[ 139 494
sS4 35 557 0.015 8 1284 104] 133584
Overall 141 3643 0.008 30 6206 80| 496 462
Table 6 RMMS, calculation of UARL
UARL (I/d) |CARL (I/d) [ILI ILI = ILI =/ILI D (Co/km)

S1-2 197 271 391 781 2 2.1 1.05 32
S3 139494 197 260 1.4 2.1 1.50 22
sS4 133589 315 068 2.4 4.0 1.67 16
Overall 496 464 904 110 1.8 2.3 1.28 26

Table 7 RMMS, comparison between ILI and ILIF

As expected considering the assumptions statedidw ¢he ILIF's calculation Dref = 45
connections/km and.pref = 0.008 km/connection) for the low density studieetwork
ILIE > ILI, the less the density of a zone is, the ntbig difference is considerable (Table 7).
As mentioned above, it has been shown that forl ramd intermediates networks ILI is
excessively weak in average and is difficult toeiptet since it is correlated with the
customers density. In forthcoming studies we emésa test the sensitivity of IEito assess
its capacity to represent the performance, regssdtbe size or the configuration of the
network.

Conclusion
GLI (Global Leakage Index) which is the productliof (Infrastructure Leakage Index) and
PMI (Pressure Management Index) seems to be rdlégapreliminary assess the level of

losses of a water supply system, in particular evaih evaluation of average pressure of the
network is unavailable.
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GLIF, an approximated value of GLI, can be derived famty CARL (Current Annual Real
Losses) and Nc (number of connections). This ambr@lows to connect international Pls
with French reference values, based on the LLIdamLeakage Index) as function of the
customer density or based on the CLI (Customer agakndex).

As it was shown by the case study, B&ladvantage is that it is easily calculated even b
services disposing of few information. This Pl svartheless useful in the first stage of a
more involved analysis when data on pressure igade.

Future studies will concern the investigation of |Gk order to assess its relevance and to
examine the interest of evaluation of the ILI'srestted value (ILT)
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