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Abstract

Problems in provision of adequate water supphheorapidly growing urban population in developimgiotries
are increasing dramatically. Moreover, reductionnofh-revenue water remains one of the major chgdien
facing many water utilities in Ethiopia in geneaald Axum water supply system in particular. Thiglgtmainly
focuses on the status of water supply coveragevatdr losses in Axum town using statistical analysnd
Water audit software. A statistical analysis wagligg to analyse the current water supply coverdghe entire
town and to develop distribution coverage map uging GIS software. Water meter test was conducted f
samples from each size of meters installed in tetgiloution system of the town in order to quantifie water
loss through meters of under registration. Wateliteaoftware was also used to analyze water loagponments
and the efficiency of the system was evaluatedgudifferent performance indicators. Discussionsemeade
with Local experts’ to support the quantitative lgae. From the result of the analysis, it was obsé that the
average daily per capita water consumption of tiventis 12.8 litre/person/day. Thus, nearly 75%haf éntire
town population is getting water less than thedasivice level and the average in-house or yantection of
the town is 27%. Besides, the total water loss xuA water supply system is high enough up to 3%1%e
system input volume and about 8.84% of the totatesy loss is mainly due to meter under registration
general, the low water supply coverage of the tawas highly influenced by the availability of watelowever,
the main reasons for the high loss of water in Axwater supply system are the present way of watewark
management with ad-hoc maintenance and insuffidieahcial resources of the utility. Thus, it isceesary to
identify the losses encountered in the water suppbfem so as to take remedial actions in redutiagvater
loss more significantly.

Key words: water supply coverage, non-revenue water, waigslgisystem, water audit software, performance
indicator, meter under registration.

1. Introduction

Problems in providing satisfactory water supplyth@ rapidly growing population especially that diet
developing countries is increasing from time todiriVater supply systems in urban areas are oftabl@rio
meet existing demands and are not available toyemerrather some consumers take disproportionateats
of water and the poor is the first victim to thelplem (Bereket, 2006). Moreover, managing and rieduosses
of water at all levels of a distribution system ens one of the major challenges facing many watiities in
most developing countries including Ethiopia. Aseault of the overall shortage of water many waitéities
are faced a problem in distributing the availablatex impartially among the residents. Beside ts fivor
management of the existing infrastructural asseeimses the level of water losses in water supywébét, 2007).
Axum town is one of the towns that have been ggttiatable water supply system since the imperigihte.
The rapid increase in population, economic devekarand awareness of health benefits of improvednead
sanitation have been proven by WWDSE (2010) to eaise in water demand, necessity of improved gyste
infrastructure management and strategies to detilean and safe drinking water to customers. Eveugh
distributing the available water and water lossrfra utility’s distribution system is a growing mgeanent
problem in Ethiopia, there are few studies condlicte the existing water utilities in the countriated to water
loss and coverage. Although the Axum town watdityftiistribution system components were built déesmago
and are currently in need of attention, issuededlto the overall coverage of water supply andentamiss from
the utility are not investigated yet. Thereforesessing the water supply coverage and water laisg s&atistical
and water audit methods in order to develop stiaseigr the future is more urgent than ever. Fat thason this
study mainly deals with water supply coverage arss lssessment and developing strategies for ttez lwas
reduction in Axum town water utility.

2. M ethodology

Theresearch process

The water supply coverage of the town was firsteated before analysing the water loss. In evalgathe
water supply coverage the focus was on the voluhwmrsumption and level of water connection asdha®
highly related to the issue of water loss. Aftealeating the distribution of water supply coveragéhe town,
the water loss from the distribution system of tiiity was analysed. The total water produced tredactual
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water consumption as aggregated from the individoatracts (customer meters) was used as an iopuhé
water loss analysis. Water meter accuracy testcaaducted and the result was used as an inpugiarialysis

of the total water loss components. The water dosdysis, both apparent and real, is carried outdinyg the top
down water balance approach. Finally, based onctideulated performance indicators and key stasistic
comparisons has been made, and strategies fareldsstion are developed from international expegsn

Water supply coverage analysis

The water supply coverage of the town has beeruaied based on the average per capita consumpiibn a
level of connection per family. The average periteagonsumption has been derived from the yearly
consumption that was aggregated from the individlemhestic water meters. Beside to the average gygtac
water consumption, the distribution of number ofm@stic connection per family has been also evaduate
Statistical analysis was used to evaluate the gupplerage for the entire town and supply covemnage has
been developed using Arc GIS.

Average daily per capital consumption

The volume of water consumed for domestic purp@selieen aggregated to all 23 districts of the tewvas to
analyse the distribution of the water supply cogeramong different localities. The annual consuomptiata
has been converted to average daily per capitauogution using the number of population. The averdajéy
per capita consumption of each district was derivgidg the following expressions:

_ ) . Annual consumption (m3)+1000]/m3
Per capital consumption (I/person/dayﬁ— : T ~ Q)
opulation number of each district=365 days

Level of connection per family

In order to compare the distribution of the watenmection among the different districts, the tatambers of
connections per district are converted to connagier family using the population data of eachritisby the
following expression.

Total number of connection by district

Connection per family = : . . (2)
(Number of Population by district/Average family size)

Water loss analysis

The water loss in the town water supply distribaitsystem was evaluated using top-down water balamateod.
Detail analysis of the water loss components has lbdene using the AWWA water audit software vergich
Perfor mance indicator Assessment

Non-Revenue Water: as % of system input volume

Percentage by volume is still recommended as & fiasincial Pl for non-revenue water but a basiédPlreal
loss from a water resources viewpoint, it shoultdb®used for assessing any aspect of operatienfdrmance
management of water losses (Liemberger & Farle@420t is given by the Expression:

i Qin—Qrevenus) + 100% (3)

NRW (%) =
Where Q@ = annual system input volume
Qrevenue= annual billed volume
Non-Revenue Water: as % of cost of running system
The detailed financial PI for non-revenue watdbased on the percentage by value of the wateer#tan the
percentage by volume (Mutikanggal., 2010). A general expression for estimating thétrio is:

cost of Non revenue water
NRW (%) = , +* 1009% (4)
cost of operating system
Apparent loss per service connection
The purpose of this operational indicator is toleate the volume of apparent losses per servicaexdion in
the utility system. This is a useful indicator tmtpare between utility systems (Sarah, 2006).dalsulated as:

VApparent
Apparent loss (I/con/day)T (5)
C

Where Mipparen:= VOlume of apparent loss per day’(day)
N = number of service connections
Real L osses per service connection
The objective of this performance indicator is teasure the efficiency of the water supply systerat{iddnga
etal., 2010). It is given by the expression:

VReal

Real loss (I/con/day) = Ne (6)

Where \keais the volume of real loss per day*(day)
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Infrastructure leakage index
It is the ratio of the current annual real losse&RL) to the unavoidable (technical minimum) anntgll losses
(UARL). It is calculated as follows (Liemberger &iey, 2004).

CARL

ILI =
UARL

3. Resultsand discussion

Aver age daily per capital consumption

The average domestic water supply coverage ofdhm ts found to be 12.8 l/capital/day. This averpge
capita consumption is very low while compared wilie country standard used for design purpose (3&0to
I/capital/day) and even it is lower than that o tlninimum standard set by UN-Habitat as a basid {26
I/capital/day). Out of the total 23 districts oktlentire town, 18 with 51 thousand inhabitants lgezb%) are
getting water less than this basic service level.

The histogram and map of average daily per capitsumption distribution developed for the entirertiovas
shown in Figure 1 and Figure 2 respectively.
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Figure 1 Histogram of the average daily per capita consumption after excluding outliers
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Figure 2 Distribution map of average daily per capita consumption by district
Level of connection per family
In this analysis the total numbers of domestic emtions (5068) with in the town and the averageilfasize
(3.4) in urban areas for Tigray region accordingh® census of the 2007, are used for determitiagverage
number of connection per family. Like that of ther apital consumption after evaluating for outljethe
average connection per family for the entire towrfound to be 0.27. This implies that at averageentban
three and half families or thirteen persons areispane connection or water tap. In other wordsdtierage in-
house or yard connection of the town is about 27%.
Correlation between population and water consumption
Although the level of water supply coverage botlyimntity and connection differ among differenttiiiss, the
number of population and volume of domestic condionpshows moderate and positive correlation. The
moderate correlation coefficient (0.432) may shbat tthe number of population and total water congion
are linearly correlated to each other, but someiclis are still deviating from the correlationdin
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Figure 3 Scatter plot for volume of water consumption and number of population

Some districts having lower number of population tensume more water. This implies that eithergbeple
living in these areas are relatively rich and/a@ytihave better chance of getting water due to tbheation or
network condition. On the other hand some distriets observed with extremely low consumption wtiiley
have higher number of population. This may reflsignificance of illegal water consumptions. However
according to the opinion of the local experts,gédeconsumption of water is not the problem oftithen; rather
the main problem is getting continuous and enougiply of water.
Water loss analysis
The total water loss has been also evaluated basgubrcentage of system input volume, length ofnnaaid
number of connections. Generally, based on theyaisakesults the total water loss from the system i
290,148ryear and is approximately 39.1% of the systemtimplume. This figure is higher compared with the
average for developing countries (35%) accordingitmdomet al. (2006). The main reasons for this high loss
of water are the present way of water network mamemnt with ad-hoc maintenance in which the problares
tackled only when there is clear evidence of failand the insufficient financial resources of tlikty
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Figure 3 Monthly total water production, consumptand loss distribution curve based on cumulatalees

As can be seen from the cumulative loss percentagee there is seasonal variation on the loss ftoen
distribution system. The loss percentage duringairey season (July-September) is higher as cordpaitd the
long dry season. One of the reasons for this sehsaniation is lack of leak detection activitidss a result in
the rainy season losses on the surface can goicaeddor a long period of time as it is difficubh wisually
inspect them. However, in the dry season the lofses the system can simply inspected visually fasyt
brought themselves to the surface and actionshgiltaken to control the losses as a result thedessentage
will be minimized.

Apparent loss

This component of the total water loss volume idekithe loss due to unauthorized consumption, ©Esto
metering inaccuracies and data handling errorsisratygregated to 27,578fvear. This loss amount covers
9.5 % of the total system loss. This result sigsifiore of the loss in the system as real losshaikienainly
caused due to deterioration of the existing distidn system infrastructure.

Unauthorized Consumption

This volume of water includes theft and illegal neations. As there is no any means to determirsegimntity
of water, its volume is estimated based on theegyshput volume. Accordingly the unauthorized canption
amounts to 1,916MYear.
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Customer Metering I naccur acies

The total volume of loss due to meter in accuracthe system is 25,660°fiear. This apparent loss of water
accounts for approximately 3.35% of the systemtimplume for the fiscal year and translates to testnue of
approximately 64,150 Ethiopian Birr. Generallytiie case of Axum the main reason for this high meateler
registration is the deterioration of water metershwage, resulting in inaccurate readings. Thishighly
influenced by the lack of water meter testing agplacement programme and unlimited service yeamfeters
in the distribution system.

Real loss

This category includes the volume of water losbtigh all types of leaks, bursts and overflows onnma
service reservoirs and service connections, upeqbint of customer metering. In this specificdstthe real
loss volume is found to be 262,57¥ear. This figure indicates the deterioration after supply system, water
supply management problem and urgent need of adeagontrol program.

Unavoidable Annual Real L osses (UARL)

This category represents the allowable volume afflesses from the system, which estimates a voloiteaks
that are undetectable or would be uneconomicatpair during the year. This can help to evaluagefehasibility
of real loss minimization (provides better underdiag of real loss components). Based on the aisatiis
volume for Axum town water utility is 178,58CAear.

Potentially recoverable real loss

The recoverable real loss which indicates the amofireal loss that can be recovered through adtakage
control strategies/practice is found to be 83,99%ear. The figure signifies the need for activekksge control
strategies and efficient system management.

Performanceindicators

Non-Revenue Water

The detailed financial PI for non-revenue watdbased on the percentage by value of the wateer#tan the
percentage by volume (Mutikanghal., 2010). Accordingly for this case the loss wasregpes as percentage
by cost of operating system and is found to be%7.Bhis figure shows that the water loss from ths¢ritbution
system results in 977,498 Birr loss in the fisaduyof the study period.

Apparent loss per service connection

The apparent loss per service connection in Axunemaility is 12.2 l/connection/day.

Real loss per service connection

The real loss per service connection in Axum wailidity is 116.14 l/connection/day. This shows thhe
distribution system of Axum water utility is moresseptible for burst and leakage.

Infrastructure leakage index

This PI is a measure of how well a distributionwak is managed for the control of real losseghatcurrent
operating pressure (Liemberge & Farey, 2004). Basethe analysis the ILI value for Axum is 1.47.isTH.I
value shows that the current annual real losseass®ssed as being around 1.5 times as high asdkeidable
annual real loss for the system. In other wordgoaptmay exist for lowering annual real loss voluimeround
two third of the current annual real losses, if¢hare no changes in the current pressure manageageme.

In practical terms, ILI values close to 1.0 meaat tvorld-class leakage management is ensuringatmatal
Real Losses are close to the Unavoidable or TeahMaimum value at current operating pressuresvéir,
in the case of Axum with aged distribution systemd ack of leakage management activities, achielomger
ILI value shows inapplicability of the PI for thevin water utility.

Water lossreduction strategies

The ultimate goal of the NRW reduction strategyoiseduce the level of losses to a point whereatteeptable
level or economic level of losses is reached anthtaiaed (Farley & Liemberger, 2005). Nonetheléssyrder
to provide an initial reference point for the stafithe program, a preliminary target is proposkus target for
the case of Axum is to reduce water losses fronttineent 39.1% to around 23 % of the annual systgmt in
targeted year 2020. Based on this study and ttstimgiwater supply situations of Axum the followishort and
long term strategies are outlined in order to imprthe existing situation and that help to achibestarget.

The areas which are given most focus in the styaseg data collection, record keeping, meters aguand
pipe and shut valve replacements. The first phaseentrates on collecting accurate data for fuhgreds and
improving the efficiency of the water network bynowating shut valves. The second phase aims taatont
pressure to agreed levels and replace pipes syitaitya The monitoring of the system which is starin the
first phase should be maintained during the seqidrase as well, especially to give beneficial feeilta the
managers of the water sector.

4. Conclusion and recommendation

This study has attempted to evaluate and updatedthésituation with respect to the water suppyearage and
water loss in Axum water supply system. The stualy &lso proposed appropriate strategies and tagmigr
the reduction and control of non revenue water.
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The water supply coverage of the town is very lempared with the minimum standard set by UN-Halzitah
basic need for drinking and sanitation alone (20lgay). Nearly 75% of the entire town populatisrgetting
water less than this basic service level. Althotlgdre is overall shortage of water in the towndprainantly
the existing amount of water is fairly dibtted among the different localities except fewtriits that
consumed much water although their number of pajoulas either low or moderate and vice versa.
Generally, in the old settlement areas of the tdowm level of connections per family and per capitater
consumption was observed. Hence, it is concluded the low financial capacity of the inhabitantee t
topographic nature (higher elevation) of the aead the available traditional pond as the mainaesgor the
low coverage in the areas.

Despite the low water supply coverage, the totabnimss in the focused area is up to 39.1% otdled system
input volume. This is the main issue that Axum wadepply system is presently struggling with. Thaim
reasons for this high loss of water are the presayt of water network management with ad-hoc masmee
and insufficient financial resources of the utilifyherefore, a proactive approach should be adoptedkaling
with the operation and maintenance of the wateplsugcheme, to prevent complete damage of the veatgply
network over a period of time and sustain healtbeldaargets of the water supply system.

Even though the seasonal water loss comparisoruna@srtaken for one year duration, the percentagetaf
water loss is higher during the rainy season asfaisved from the local experts' point of view. Thain reason
behind that is the difficulty of tracing leakingogis during the rainy season.

In general, the water loss analysis result revetilatj leakage and customer meter errors are tie caases of
the water loss in Axum water supply system. The nmadason for this is the deterioration of system
infrastructure with time. Therefore, due attentsfrould be given while additional water sourcespd@aened for
the future that a proper management of the existinfrastructure in general and the water netwiork
particular is paramount.
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