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Abstract,  This article demonstrates « practical and more rel:able approach for asscssment of leukage
tfrom Riyadh water distnibntion network It preseats the methadology and discusses the Tesulr af the ficid
study of ten seleeted areas of the ay. The average leakage of the ten areas wis found o be about 31 e

cent Assunming e selection of the ten aees were Frirly reprosentative dhe ws eige leakaee of Rivadh oty
hamed on otal consunption may e teon as 34 percent. However during feld studs 1t was soheed that
mest el the leakiee was at or nen beuse connections. Tased o1 the rato al horse connections of the ten
arcas and Rivadh ainn, the saverage leakoge ton the ity wins of the order of 22 pereeint.

Introduction

Although some quantitics of wiater we always Jost from distiibution system, some
tmes thiscan represent asignificant financial loss, There is no abwolute tigure which
can be taken worldwide as the acceptable limit of water losses through o distribution
netwark, This limir mainly depends on the economics of leak detection and control
versus the wuter cost. I the sources of water are limited and the cost of production
of water is high. in countries like Sandi Arabis. it hecomes mare nevessary and
ceonomical o introduce leak detection and control program. Waste in waler distri-
Pution networks around the world usually ranges between 10% 10 309 of the waler
supplicdl. though insome places the ligure is even higher. The Manual of Water Sup-
ply Practices of Indiun Water Works Association [1] reported the percentage of
waste ranged between 19% 10 30" for seven Indiun citics, and hetween 26.5% (o
1% for eleven cities in developing countries in Asia. According v Water
Authorities Association |2] the amount of leakage in UKL anged berween 1O 1o S0
pereent of the total water supplicd and the average was of the order ol 24 pereent.
Many authors such as Sulivon [3]. Moyer [1]. Babeock [3).Orr 0], American Water
Works Assuciation [7]. Kenpe wnd Liston [B]. Preece |9] and Hock [10]. reported
water losses between 2 and 50 percent in various 1S, cities, Bremner [11] reparted
about 18% loss for the ity of Toronto and American Water Works Association {12]
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reported leak levels for sclected Quebee municipalities in Canada to be in the order
between 34 10 30% . Swedish Water Authority (13) reported unaccounted for water
in the range of 5 1o 40t% for various cities in Sweden. Wheadon er af [ 14] reporred
from seven vears investipation in Moscow (USSR water system that the averape
leakage was about 1.6 to (L7 cubic meters per hour per km length of pipe 14.4 1o 165
mY/day/km).

Guidance to utilities on acceprable level of water losses i provided in India by
the Manual of Water Supply and Treatment [15]. 5 to 10% is a low waste level.
unsatisfactory conditons exist at 10 to 20% with actton advisable and beyond 20%,
remedial action is urgent. The American Waler Works Assaciation 7] suggested
that a system having 10 o 20% are considered reasonable. From the worldwide
experience reparted by various authors, some of them mentioned above, it is quite
evident that losses up to 15% are usually tolerated and depending on the benefit cost
ratio of water and leak detection and control, a leakage level of 5% may be achieved
for a well managed water supply system,

Al-Salem [16} in his M.S. thesis submitted to Loughborough University pre-
dicted from the siatistical analysis of water consumption in ten are¢as of Riyadh city
thut the loss varies between 23 10 73%. In hus study the water consumption in each
arca was estimated [rom meter readings of only a limited number of houses. The
amount of water supplied in each area was not measured bat estimated. Arrivadh
Development Authority | 17] reported from their study on the effect of ground water
fluctuation in Riyadh City, that the estimated lcakape from the network is about
16%. Their cstimatc is based on the study ot five arcas of Riyadh City. In their study
guantification of losses were done by pressurizing isolated pipe stretches (suspected
of leaking by use of electronic leak detector) and measuring the losses in those
stretches only. Average water consumption was estimated from meter readings of
only 30 houses in cach arca. Al-Ghamdi [ 18] trom actual measurement vver ning
month period supply and consumplion rom an arca of 1.5 km® m Riyadh city (oand
31.5% as the average amount of water loss. Projecting his study result to the entire
arca of Riyadh city, he 15 of the opimion thar Rivadh water distribution network loss
may range between 30 and 30% . From the above discussion it is quite clear that there
1s significant variation of the estumate of the losses from Rivadh water distribution
network depending on the method used for ity determination

The purpose of this study 1s 1o obtain i more rehiable estimate of losses from
Riyadh watcr distribution network by measuring actual supply and consumplion in
ten selected ureas of Lhe city. This article demonstrates a practical and more reliable
approach for assessment of leakage. It represents the methodology and discusses the
results of the field study.
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Extent and Locations of Study Areas

The maost significant factors responsible for selecting study arcas and their size
were: pressure. age, nelwork density, number of reported leakuge [rom different
arcas and of conrse time and budget available for this study. Ten study siles were
selected after due consideration of above factors. so that the average result of these
Ten arcas may reusonably represent average losses of the whole city. The general

location of the study areas arc shown in Fig. 1.
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After obtaining the as-built general location drawings of the nerwork from
Rivadh Region Water and Sanitary Drainage Authority (RRWSDA L the plans were
studied in detail und the sites were visited and inspected. The existence of all valves.
hvdrants, pipes and honse connections as imdicated by the diawings were chiecked
Any discrepancy was noted and corrections incorporated inthe drawings. The final
posttion and boundaries of each area were based on the following prictical consider-
ations.

1. Warkable size of area not 1o exceed 025 km” (TWWA [1]) o (.4 km? (Ror-
rows and Broomtield | 19]).
20 The locations and operating conditions of valves should be such that the
arci could be isolated and consequently be supplicd through a single feed point via
a bypass flowmeter.

3. Thesolation should notadversely attect the pressure distribution and water
supply watliin amd outside the study wica.

4. Numbcr of house conncctions or property meters in the area not to exceed
350 (Raman [ 20]. TWWA [1]) o S0 (D1 Michele et al [21]).

5. Length of pipe in the area not to be more than 6 km (Cole [22], AWWA
(1210 Bkm (AWWA [12]).

O Tatal water demand of the arca not to exceed 950 #mim (AWWA | 12]).

If due to any discrepancy the area could not be isolated and supplied by a bypass
water meter, ot 1t the test program could not be conducted on the area due to some
other reasons, then the boundars of the area was readjusted until i was satislactory
The general problem encountered In the selection of area was the proper isolation of
the arca due to damaged ocimproper closing ofisclating valves. The size and charae-
teristics of the ten study arcas are shown in Table 1.

Preparatory works before field testing
Before starting any field testing program in o selected area, the tollowing pre-
paralory worhs WOIe nocessiny.

1. Al boundary valves. hvdrants, and house connections appurtenances of the
selected arca were checked for water tightness and repaired whenever necessury.

2. Allbouse water meters connections of the study arca were checked, so that
water supply 1o the property can be completely stopped during net night low mea-
surement (as discussed Intery Any water merer found buried underaround or wiades
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Table 1. Area, mnber of lwuse eonnecrions and pipe characteristios of the study area

Parameter/Area 1 2 R} 4 s & 7 ] 9 10 Total
Crrossanrea(hrdy U2 03 020 1w ald 023 045 0ot s 07 A
o olvonnected propestes 31 il bl A 3o Ls IRl g [RLER S |
Pipe length imey

Smm - ER b usn S0 Ton raan

TH) mm 6323 Tt 32380 3435 3ANAL 30hn KOLE Stha i 3143 4TRIS

150hmm 51T TS e - L3 2807 e 3 16 [Han
Lotal papw lengthiimi BN STT 2008 IS d8A2 A3 TISST 4732 52200 S50 G
Age Dvvinst Ifr Y i M [ A a - N 7
Materials ATEmain s are of PV Flouse conmuctoms e mostly polyethylone neept

tor senoe aren where it was of PV

parement swas uncovercd and checked for s proper functioniog o sapply/shut ot
valve.

Jo A bypass system was then installed on the site in order wo supply the area
from one potnt through a byvpass water meter. The arrangement is shown in Fig
AT connectiop was constructed on the feeder main 1o divert the flow through the by-
pass meter. The vutfTow fram the meter was then fed o the arca via a lire hydrant
or vice versi. The bypass of flow was aveamplished by closiog e intermediate valye
hetween the T-connection and the hydrant aswellas il other boundary valves i the
studly arca. Enttapped air was removed by operating the fire hvdrant in 1he isolated

BaLdis Qg

Hexble b

Far Hyetean|

¥y o —

)
N\ 1 ommorton \K \ I

Fig. 2. Bypnss flow mensu

ngE system,



22 A A Curaishi and K., Al-Dhowalia

area. Piror to its use the bypass water meter was calibrated in the hydraulics lahora-
tory at the College of Engineering of King Saud University,

Inflow and minimum night flow to the area

After proper isolation of the study arca the water flow fed into each arca was
monitored and continuously recorded over a period of scven days via a bypass water
meter [23]. Hourly flows, minimum and maximum fows read from the recorded
carts were tabulaicd and entered into a computerized database for storage and
analysis.

Estimation of leakage from water network by measuring minimum night flow
rales is a method based on the assumption that the mininum water flow which occurs
during the late night and carly morning hours will indicate the rate of leakage. The
accuracy of this methad is usuatly improved by calcuiating the net night flow from the
differenec between minimum night flow and an assumed water consumption hy
propertics during the same period. Both the above mentioned methods were found
inappropriale [ur application to water supply system such as the one for Riyadh.
where almost every property has a large ground water storage tank in addition to a
roof water tank. The resulting effect is the dumping of flow variations, balancing
watcr supply and demand and obtaining more uniform water supply rates throughout
the day and might. At night when rthe pressure in the Jine is high. roof tanks fill up
when actually there is no consumption. Theretore a different method of measure-
ment of net night flow rate (NNF Jor leakage rute was adopted in this study. Af the
completion of the one week period for flow monitoring, as mentioned above, all val-
VES ON PrOperty connections in the area were ¢losed overnight for a period of 16
hours, [rom 4 pm to 8 am of the next day. This time was selected in order to avoid
inconvenience 1o the consumers. Henee, the measured tlow during this closure
period would accurately represent NNF or the actual leakage rate in the isolated arca
at the recorded operational pressure.

Results and Discussion

Table 2 shows the flow and pressure characteristics and Table 3 shows the leak-
age characteristics of each area under study. The relative small variations of daily
flow rates are expected hecause of the widespread use of underpround water storage
tanks in buildings and villas in Rivadh. It is therefore quite evident from the results
of Table 2 and 3 that the minimum flow cannot be taken as an indication of leakage
level in Riyadh cily. For example when the ratio of minimum to average flow in area
No. 6 was .96, the leakage was only 3%. The newly constructed areas showed a low
rate of leakage, as low as 2% in Area No. 10, wheress older arcas showed very high
leakage rate, as high as 80% in area No. 4.



Losses in Rivadh Wate:, 23

Table 2.  Flow and pressnre characteristics of 1be study areas

Parameter/Area 1 2 3 4 5 6 7 8 9 10 Total Average

Flow rates {#/min)

Average W65 TRO AR NS T¥E ows sIN 3700 S4b 0 SIK 6563
Minimum “33 0 add ME NI U ooy TR IR B0 lie 5376
Muximum R4 U 5100 902 T66 733 884 555 T2 TR 7588
Ratinolwun. o
average rate 0496 Q.82 065 005 09 096 090 D4R 057 047 0.82
Ratio of max. (o
HISS A HI T (NC TR OO 6o R O VN V1TSS Ve S IR O (A W11 B I = DKL 1 1R
Pressure (bars)
Average 21 1.5 47 11 24 20 27 JY ZH 23 2.33
Minimum 1.4 1.0 25 08 20 1.6 22 1.4 1.3 1.6 158
1525 48 R4 137

Maxunum 29 27 sl L4 A1 24

Lable 3. Leukage charocteri: of the study areas

Purameter/Area ] 2 3 4 5 ] 7 8 9 v Total Averape
MNetnight [low rute
finmn &b Tih 45 A6 432 2 N2 25 H) 12 2246
mYiday NI LAT 9Kk A2 35 dhe 36 5K 17 3238
#H Cthour 109 12 56 258 66 13 B4 § 12 3 59
Irkm/hour M4 S14 0 1327 OR4S 5353 267 1464 317 480 136 21

"2 of Av. flow -7 9 ENS hidl 60 ) 4 7 7 z 34

Nevnight llow rate Fmin
ol Avollow - EILY
Average flow rates #fmin

The average inflow and the total losses in the ten areas were 6563 fmin (4451 m¥
duy) and 2246 f'min (3234 m¥day) respectively representing average leakage of
about 3%, of (he daily wverage inflow into the areas. The average daily supply of
Rivadh city in 1991 was [L200,000 mday, Assuming the average joss inthe ten study
arcas represents the average loss of the whele ity (that is 34%). the total loss in
Riyadh city comcs 1o 408,000 m*day in the year 199 1. The varicus leakage rate in the
cities around the world are discussed in the introduction section. The average leak-
age rate of 2.224 Fkm/hr or 59 Yhouse conncction/hr or 34% of total inflow for
Riyadh city faltin the higher ranpe of leakage rates.
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During leak detection and tepair program of the ten study areas it was observed
that most of the leakage was located on or near the house connections. Therefore it
is more realistic to make the projection al losses for the whole city on the hasis ol
numther of house conneetions. Lhe total namber of house connections in the ten
study areas and in the whole Ravadh ety Gieearding 1o the ligure available in 1991)
was JI81 amd I87 035 respectively. Therefore the toral loss in whole Riyadh city
hased on house connection ratio is {3234 187633372281 = 266029 midivy that ix
about 22% of the (otal supply.

About 707 of the water supply of Riyadh city is obiained foon Jubail desaliny-
tion plant, Rensimmng 30% are oMained hiom decp wells of Minjur amd Wasia, The
cost ol desalinated waler is ahout 8 00 Saudi Rivals/m® (Al-Salem [ta]). The average
costof well warer is about 300 Saudi Rival/m® (persomal communication with water
authority). This zives the average cost of water supplicd to Rivadh city about 5.R.
6.50/m7. Even if we take the conservalive estimate of 22%, leakage from Riyvadh
water supply network, the loss amounted 1o mare than 600 million Saudi Riyals in the
vear Y1 alone

Cunclusions

A detailed field study was undertaken to assess the extent of leakuge in water
distribution network in Riyadh city. It was estimated that net leakage of the city in
1991 is of the order of 22 1o 34 percent, whiclt is in the higher range of leakage rate
reported by iy authors around the world, The minmum fow cate at night or ¢arh
morning ot be taken as an indication of leakage for Riyadh ey beeause of the
widespread use of underground tunk in addition to overhead tank in most of the
houses. [L was observed that the highest level ol leakage belonged to the oldest part
of the network und achicvable leakage can be as low as 2%. It is cncouraging to note
that the Rivadh water authenity has realized the importance of the leak detectton and
comtrol program of the water distribution network and has extablished a separate
division responsible for this purpose. The division has already finished the first Phiase
of leak deteetion und repair works and was able to reduce thie lcakage substantially
i the areas taken up during the [irst phase. It is recommended that the water author-
ity should eoncentrate their efforts first in the older parts and gradually extend the
program L all other parts of the network. Periodical checking should be continued
in ail parts of the city turn by turn onee o reasonable level of feakape has been
achicved.
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