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THE DEVELOPMENT OF PROCEDURES FOR THE CONTROL OF
UNACCOUNTED-FOR WATER IN WATER DISTRIBUTION SYSTEMS AND
FOR THE REDUCTION OF WATER LOSS

EXECUTIVE SUMMARY

1.

Introduction

In 1989 Mr HC Chapman attended the International Water Supply Association
(IWSA) biennial conference in Copenhagen as the South African national
rappornteur on unaccounted-for water (UAW). It became evident that South
Africa was lagging behind world trends in UAW control.

In 1991 it was estimated that the UAW in South Africa amounted to 20% of the
total urban and industrial demand or 800 Gi/a.

The Research Project

In reply to a research proposal submitted by De Leuw Cather (DLC) to the Water
Research Commission (WRC), the WRC appointed DLC to undentake this
research project with the following specific objectives in mind:

a) To establish the status quo of Unaccounted-for Water (UAW)
measurement and its quantification by water distribution authorities in the
Republic.

b) To determine the approach and means currently employed in practice to
quantify UAW and identify its components.

c) To develop a measure for the quantification of UAW which will be
absolute so that it could be used for direct comparison of systems
performance.

d) To develop procedures for the identification, and quantification where
appropriate, and control of the contributing components of UAW.



e) To develop procedures to facilitate the evaluation of the benefit/cost of
the control procedures.

f) To determine the mechanisms and causes of leak formation and to
investigate and propose methods for the prevention or reduction of leaks.

Subsequent to the inception of the Project, Mr Chapman pointed out that item
(f) above was being addressed by a separate WRC project undertaken by the
CSIR (Mattek) and the Water and Gas Department of the Johannesburg City
Council. After discussion by the Steering Committee it was agreed that item (f)
above should be replaced with the following:

f) To compile a comprehensive UAW manual, with supporting software, for
use by water distribution authorities.

Summary of Research Results

The more pertinent results of the research are summarised as follows:

a) Few Local Authorities have comprehensive structures in place to deal
with the control and reduction of UAW. Most Local Authorities use
reactive rather than pre-emptive procedures for leakage control,
replacement of consumer meters, etc., without addressing any of the
other UAW components at all,

b) UAW is defined in various ways by different Local Authorities leading to
inconsistencies in the data recorded by the Local Authorities.

c) Traditionally, the Treasury Department of a Local Authority is responsible
for the reading of consumer meters. This results in further anomalies
when consumption data is compared with total supply records,

d) Invisible leaks within a distribution system are probably the most
signification component of UAW.



5.

¢)

g)

Inaccuracies in and incorrect sizing of water meters, especially with regard to
bulk and large consumer meters, can be a significant component of UAW.
Errors in the reading of meters and account processing exacerbate the situation.

The rapid urbanisation expenienced in South Africa since the late 1980s has
significantly increased the number of unmetered consumers. The establishment
of informal sttlements and the regular occurrence of illegal land invasions has
resulted in a significant increase in theft and unauthonsed use of water.

The lack of detailed records on a national basis has made it impossible to
estimate with any degree of certainty what the national UAW is. The
conditions described in item (f) above have furter compounded the problem of
determining a national UAW figure.

The UAW Manual

The UAW Manual had been prepared as a stand-alone document for distrnibution to and
use by Local Authorities. With the current preparation of the SABS Code of Practice

for the Management of Potable Water Distribution Systems (CoP) it became evident

that the two documents, although complementary to each other, would result in a

substantial amount of duplication if published as separate documents. At the request
of the CoP Committee and with the agreement of the WRC it was decided to combine
the UAW Manual with the CoP to produce a comprehensive document covering all
aspects of water management in distribution systems.

The UAW Manual in the form that it was handed over to the CoP 1s, nevertheless.
published in the interim by the WRC as Technology Transfer Report number 93/97.

Recommendations

With the recent introduction of the National Water Supply Regulations and the

imminent publication of the CoP it is envisaged that all Local Authorities will start
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developing and implementing UAW management structures in compliance with the
Regulations. One section of the Regulations deals with requirements of annual water
audits to be carried out by the Local Authorities. It is recommended that the
information gathered for the audits be gathered for the be captured on a central data
base for analysis and general dissemination to all interested parties.

iv
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THE DEVELOPMENT OF PROCEDURES FOR THE CONTROL OF UNACCOUNTED-
FOR WATER IN WATER DISTRIBUTION SYSTEMS AND FOR THE REDUCTION OF
WATER LOSS

1.

Introduction

In 1989 Mr HC Chapman of the Water Research Commission (WRC) attended
the biennial conference of the Intemational Water Supply Association (IWSA) in
Copenhagen as the South African national rapporteur on unaccounted-for water
(UAW). In his report entitied “Unaccounted-for Water and the Economics of Leak
Detection™ Lai Cheng Cheong presented the following UAW figures of countries
that had responded to his questionnaire:
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Figure 1 : Unaccounted-for Water as % of Production™

The figure of 29% for South Africa was obtained from a two year study carried
out by the WRC and the Johannesburg City Council in the mid 1980’s on an
area covering 14% of the total municipal area of Johannesburg.

In 1991 it was estimated that the UAW in South Africa amounted to 20% of the
total urban and industrial demand or 800 Gi/a.

From the papers presented by the various rapporteurs to the Conference, it
became evident that South Africa was lagging behind world trends in UAW
control. Most Local Authorities in South Africa employ passive rather than pre-
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emptive leakage control measures, i.e. only reacting to reports of leaks and
bursts and consumer complaints regarding metered consumption. Furthemmore,
because of the relatively cheap cost of water, most Local Authorities
compensate for revenue losses by increasing tariffs rather than implementing
procedures for the control and reduction of all components of UAW.

By intemational definition, South Africa is classified as a water-stressed country
approaching conditions of water scarcity. South Africa has a mean annual
precipitation of 483mm as compared with a world average of 860mm. Clearly,
through the increasing demands resulting from population growth, industrial
development and agncultural needs, water is becoming an increasingly scarcer
commodity.

The urgent implementation of comprehensive management procedures on a
national basis is essential to safeguard the availability of this strategic resource
in the interest of future generations of South Africans. Furthermore, intemational
experience has shown that each new water source costs four times as much as
its predecessor to develop. From an economic point of view it is therefore
essential that all existing water sources are utilised to their utmost efficiency,
thereby reducing or delaying the need to develop new sources.

The Research Project

In October 1991 DLC submitted a research proposal to the WRC entitled “The
Development of Procedures for the Control of Unaccounted-for Water in Water
Distribution Systems and for the Reduction in Water Loss". The specific
objectives of the research were as follows:

a) To establish the status quo of Unaccounted-for Water (UAW)
measurement and its quantification by water distribution authorities in the
Republic.

b) To determine the approach and means currently employed in practice to
quantify UAW and identify its components.



c) To develop a measure for the quantification of UAW which will be
absolute so that it could be used for direct companson of systems
performance.

d) To develop procedures for the identification, and quantification where
appropriate, and control of the contributing components of UAW.

e) To develop procedures to facilitate the evaluation of the benefit/cost of
the control procedures.

f) To determine the mechanisms and causes of leak formation and to
investigate and propose methods for the prevention or reduction of leaks.

On 28 February 1992 a Memorandum of Agreement between the WRC and DLC
was signed for the implementation of the above research project. Subsequent
to the inception of the Project, Mr Chapman pointed out that item (f) above was
being addressed by a separate WRC project undertaken by the CSIR (Mattek)
and the Water and Gas Department of the Johannesburg City Council. After
discussion by the Steering Committee it was agreed that item (f) above should
be replaced with the following:

f) To compile a comprehensive UAW manual for use by water distribution
authorities.

Structure of the Research Project

To achieve the aims described in item 2 above the Project was divided into the
following areas of work:

3.1 Literature Search

A literature search on a national and international basis was conducted
of technical libraries, leamed societies, water authorities and associations
and other interested parties. By far the most comprehensive research
done in the management of water leakage is that of the Water Research



3.2

33

34

Centre (WRc) in the United Kingdom. The research produced a series
of reports entitied "Managing Leakage” published in October 1994, This
publication was extensively drawn on in the preparation of the section on
leakage control of the UAW Manual.

The other publications listed in the reference list also gave invaluable
information regarding other aspects of UAW and were used, in
conjunction with the research carried out under this project, to prepare the
UAW Manual.

Survey of Local Authorities

A questionnaire was sent to a large number of Local Authorities in
October 1992 in an effort to determine the status quo of UAW
measurement and control in South Africa. The results and analysis of
information gathered through these questionnaires are discussed in
Section 6.

In-situ Meter Testing

Four Local Authorities, viz. Johannesburg, Kempton Park, Durban and
Pinelands in the Cape, were selected to provide sites for the in-situ
testing of domestic meters. Information regarding the in-situ meter testing
of large consumers was obtained from Kempton Park. The results of
these tests are discussed in Section 7.

Compilation of the UAW Manual

The information and results gathered from the above research was used
to compile a UAW Manual for use by Local Authorities. The Manual
deals with all aspects of UAW, giving guidance and recommendations on
the formulation and implementation of systems for the effective control of
UAW.

In November 1995 the South African Bureau of Standards (SABS)



convened an Exploratory Committee, under project PRJ 801/54826, to
prepare a Code of Practice for the Management of Potable Water
Distribution Systems (CoP). It became evident that the UAW Manual and
the CoP, although complementary to each other, would result in a
substantial amount of duplication if published as separate documents.
Furthermore, there existed the possibility of confusion arising from
different terminclogy and definitions contained in the documents. For
these reasons the CoP Committee suggested to the WRC that the UAW
Manual and the CoP be combined into a single comprehensive document
covering all aspects of water management. The WRC accepted this
suggestion.

The UAW Manual, in the form that it was handed to the CoP Committee,
is published separately under the title “Unaccounted-for Water :
Guidelines for the Formulation of a Policy and Implementation of Practical
Methods for the Control Thereof”, WRC Report No 489/2/97.

4. Definition and Units of UAW

41

Definition of UAW

UAW is defined in various ways in different countries of the world. The
following are a few examples:

a) Germany : “UAW is the difference between the quantity of water
entering a system and the sum of water billed, including the water
which is measured but for some reason not paid for".

b) Hong Kong : "UAW is the unrecorded consumption
represented by the total raw water input into a system less the
recorded consumption in domestic, commercial and industrial
supplies to consumers as measured by consumer meters, and
other known quantities of free supplies and system losses such as
wash water in treatment works".



c) Malaysia and Phillippines prefer the term “non-revenue water”
(NRW) to UAW.

d) Japan and Brazil prefer the term “effectively used water”.

For the purpose of this Project, UAW is defined as:

“The difference between the measured volume of potable water
having entered a distribution system and the measured volume of
water having left the distribution system™.

The measured volume of water leaving the system specifically excludes
all estimates of unmetered water abstracted from the system for items
such as pipe bursts and flushing, fire fighting, theft, reservoir leaks and
overflows, meter stoppages, unmetered connections, etc. The measured
volume of water leaving the system is limited to the aggregate of
consumptions registered by metered consumer connections whether the
consumer pays for the consumption or not. Typical consumptions which
are not charged for include irmgation of Municipal parks and sports fields,
flushing of reservoirs during maintenance, fire fighting, etc.

The reason for excluding estimates of water abstraction from the UAW
equation is to eliminate the possibility of these figures being manipulated
to give a lower UAW quantity. Diagrammatically the definition can be
represented as shown in Figure 2.

Bulk Meters Consumer Meters
aw G
Vi 2

Figure 2 : Definition of UAW

In terms of this definition, leaks downstream of meters measuring the
abstraction of water from a distribution system do not affect the overall
UAW value. Loss of water through these leaks, however, form an



5.

4.2

important part of leakage control and overall water conservation
management. Factors such as meter inaccuracies, meter errors, etc., will
influence the accuracy of this expression.

Units of UAW

Internationally, the most popular expression of UAW is as a percentage
of the total measured volume entering the distribution system or as a
percentage of the total water production. Although this unit is considered
simplistic and even meaningless by some, it is nevertheless a popular
expression that is readily understood and easily used for comparative
purposes. For the expression to be more meaningful it should not be
quoted in isolation but rather in conjunction with the actual volume of the
UAW.

Components of UAW

5.1

General

The numerous components of UAW can, for the sake of convenience, be
grouped as follows:

a) Leakage from the reticulation system,

b) Flushing of mains.

c) Reservoir leaks, overflows and flushing.

d) Fire fighting usage when not metered.

e) Meter inaccuracies.

f) Unmetered connections.

g) Theft and unauthorised usage.

h) Meter reading, data capture and processing errors.

These components can be divided into two groupings, viz.:

i) those components attributable to administrative errors; and

ii) those components attributable to the physical loss of water from
a distnibution system and discrepancies in measurements resulting
from meter inaccuracies.



5.2

UAW Components Attributable to Administrative Errors

These components include the following:

a) Errors in meter reading whether accidental or deliberate.

b) Errors in transferring meter reading data to the accounting system.
c) Errors in the consumer data base.

d) Delays and errors in invoicing consumers.

a) Delays and errors in registering new consumers.

f) Bad debts.

The above components result in loss of revenue recorded by the
Treasury Department of the Local Authority and not necessarily in the
unmeasured abstraction of water from the distribution system. Accidental
errors in the reading of meters and transferring meter reading data are
generally corrected with subsequent meter readings. Deliberate errors in
the reading of meters, especially if done in collusion with the consumer,
constitutes theft,

Traditionally, the Treasury Department of a Local Authority is responsible
for the reading of consumer meters, invoicing the consumers and the
collection of revenue while the Water Department is responsible for the
reading of bulk meters and the maintenance of the distribution system.
This split of responsibility, specifically the reading of meters, leads to
many administrative inaccuracies. Furthermore, the Treasury Department
usually structures the consumer data base along township boundanes
rather than reservoir or district boundaries. This makes it difficult to carry
out a water audit of bulk meters versus consumer meters.

Inaccuracies of domestic water meters generally form a small portion of
the total UAW while inaccuracies of large consumer and bulk meters can
form a significant portion of UAW. The loss of revenue resulting from
these components can be significant, however, and should be addressed
by the implementation of strict administrative procedures by the Local
Authority.

10



53

A practical and very effective method of reducing meter reading and data
capture errors is through the use of hand held electronic terminals (HHT).
DLC conducted a study on behalf of the Johannesburg City Council in
1992 entitled “Pilot Project to Evaluate Electronic Meter Reading
Systems™. The study found that time savings of 15% in meter reading,
40% in supervision and 50% in data capture could be achieved through
the use of HHT. The occurrence of meter reading errors was dramatically
reduced while errors in transferring readings from the HHT to the
consumer data base were virtually eliminated. Local Authorities, such as
the Durban Corporation and the Johannesburg City Council, who have
introduced HHTs report dramatic improvements in the efficiency of meter
reading and data processing.

UAW Components Attributable to Physical Losses

These components make up almost the entire volume of UAW and
include the following in rough order of magnitude:

5.3.1 Leakage from the distribution system

Leakage from the distribution system can be subdivided into three

groups, viz:

a) Visible leaks such as pipe bursts and breakages, leaks at
valve flanges, hydrants and pipe fittings, etc.;

b) Invisible leaks where water leaking from the system has
found its way into underground fissures or entered other
services such as sewers, stormwater pipes, cable ducts,
etc.; and

c) Leaks downstream of the consumer meter. These leaks
can be either visible or invisible. They do not influence the
UAW figure as they have been recorded on the consumer
meter. The volume of water wasted through these leaks,
especially in former black townships, can be extremely
high, however.

1



5.3.2 Meter inaccuracies

533

534

Meter inaccuracies can be subdivided into the following categories:

a)

b)

c)

Inherent meter errors resulting in meters either over-
reading or under-reading the actual volume of water
passing through them;

Meter malfunctions such as breakages or blockages which
result in under-reading or zero reading; and

Incorrect meter sizing which results in the actual flow being
outside the accurate flow range of the meter. This situation
occurs mainly with large consumers and generally the
meters are over-sized for the actual demand resulting in
under-reading of actual consumption.

The installation of meters too small for the actual
consumption results in rapid deterioration of meter
accuracy and even the total destruction of the moving
mechanisms as a result of the excessive water velocities
passing through the meters.

Unmetered connections

Unmetered connections can be divided into two categories, viz:

a)

b)

Authorised connections which are consumer connections
installed by the Local Authority. These connections include
irrigation points for Municipal parks and sports fields,
standpipes in informal settiements, etc; and

Unauthorised connections which are connections installed
by consumers without the permission and/or knowledge of
the Local Authority. These connections occur mainly in
informal settlements and areas of land invasion.

Flushing of mains

Flushing of mains occur on inttial filling of a reticulation system and

12
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536

when repair work or pipe scouring operations are carried out in a
system. The purpose of flushing the mains is to disinfect and
remove any debris from the system at scour valves, hydrants or
other control points.

Fire fighting

Fire hydrants and hose reels are very often unmetered so that any
abstraction of water through these points, for any purpose, is not
measured.

Reservoir leaks, overflows and flushing

Leaks in reservoirs are a common occurrence and are generally
expensive to repair. Often, reservoir leaks are not visible and are
only detected through routine drop tests investigations or
underwater surveys. Generally, reservoir leaks are only repaired
when the amount of water leaking from a reservoir makes it
economically justifiable to implement extensive reservoir repairs.

Reservoir overflows result from the failure of inlet control
mechanisms. The most common type of overflow system is
belimouth arrangement constructed inside the reservoir. The
overflow pipe is usually connected to the scour pipe which in tum
is lead to some natural water course or stormwater pipe. This
often results in overflows remaining undetected for long periods of
time especially in the case of intermittent overflows occurring
during hours of low demand.

Flushing of reservoirs occurs when the reservoir undergoes routine

maintenance or unscheduled emptying for repairs. The water
used for flushing is scoured to waste.

13



5.3.7 Theft

The most common forms of theft are the by-passing of or
tampering with consumer meters and the use of fire hose reels for
purposes other than fire fighting. Very often the culprit is unaware
of the illegality of using fire hose reels for purposes other than fire
fighting, believing that the hose reels are metered through his
domestic water connection.

A less common form of theft is the collusion between the
consumer and meter reader whereby the meter reader falsifies
consumption figures.

The occurrence of unauthorised connections as described in
5.3.3.(b) is currently a sensitive socio-political issue and is
therefore not classified as theft but rather as unauthorised usage.

6. The UAW Questionnaire

6.1

General

A questionnaire, aimed at establishing the status quo of UAW
measurement, its quantification and control, was sent to 141 Local
Authorities in South Africa in October 1992. A total of 55 questionnaires
were retumed of which 31 were found suitable for analytical purposes.
A copy of the questionnaire, together with tabulated results, are given in
Appendix A.

The most common reasons for the omission of 24 of the retumed
questionnaires were incomplete data and/or the stated measured volume
of water entering the system being less than the measured volume of
water leaving the system.

14



6.2

Statistical Analysis of Results

The data collected from the questionnaire were statistically analysed to
determine the existence of meaningful correlation between them. For the
purpose of this exercise the following definitions were used:

a) The absolute UAW is the difference between the average daily
volume of water supplied to the system and average daily volume

of water sold, i.e.

UAW,, (MUd) = V, e (MUd) -V, (Mi/d)

b) UAW . = UAW in litres per metre of main per day
= UAW, (Mud)x 10°
Length of mains (m)
c) UAW . = UAW in litres per connection per day

= UAW,, (MU/d)x10°
Number of connections

d VAW, = UAW,,, (MUd)x 100
V cones (MU/d)

Based on the above definitions the following correlation table was

produced:

of| Totai No, of | Ave, UAW | UAW | UAW | UAW
Mains |Connections | Water |Absoute | (umid) | (erd) | (%)

(e Supplied

(M)
Lang® of Mains (k) 10000 | 09868 [09878 |0.9782 |0.5252 [0.2875 [0,0678
Total No. of Connectons 09868 | 10000 |osese [0.966« |0.5572 [0.0068 |-0.0018
| Ave Water Supplies (i) [ 09678 | os9ess |1.0000 [0.9896 [0.6116 |0.3026 |o.0834
UAW Absolute 09782 | o0ses4 |osess |1.0000 |0.6060 |0.2868 |0, 1477
Iuaw {tma) 05252 | oss72 |os116 |o.s0e0 |1.0000 |0.4822 |0,1926
[l uaw () 02878 | 02045 |03026 |0.3ses |0.4822 |1,0000 |0.4307
AW % 0.0678 <0.001 0.0534 101477 0.1925 | 0.4307 | 1.0000

Table 1 : Correlation between System Parameters
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6.3

As expected there is a good correlation between the first four parameters,
i.e. length of main total number of connections, average daily water
supplied and UAW ..

The remaining parameters, i.e. UAWuma, UAWwee and UAW, show no
correlation between themselves or the other parameters. The non-
correlation between the various UAW expressions is probably a result of
the sample size and inconsistencies in the data retrieved from the
questionnaires as described in Section 6.1.

The non-correlation between the UAW expressions and other system
parameters tends to support the theory that UAW, other than UAW . is
not dependant on system size.

Average UAW Values

Based on simple statistical analysis of the 31 questionnaires the following
average values were obtained:

Average UAW,, = 12,84%
Average UAW, . = 11,11 /m/d
Average UAW, .. = 395,1 v/c/d

7. In-situ Meter Testing

7.1

General

Abundant literature is available from meter manufactures and other
sources regarding the accuracy of meters under test-bench conditions for
both new and used meters. In-situ testing of domestic water meters were
carried out in order to determine their accuracy under installed rather than
test-bench conditions. Areas in Johannesburg, Kempton Park, Durban
and Pinelands (Cape) were chosen for this investigation.

In-situ meter testing of large consumers was carried out by the Kempton
Park City Council throughout its municipal area.

16



7.2

Procedure for Domestic Water Meter Testing

The test procedures used for the testing of domestic water meters were
as follows:

a) A suitable area within the Local Authority's boundary was chosen
at random and demarcated on a plan.

b) Field record sheets were prepared for the chosen area. Examples
of the field record sheet used for the various areas are given in
Appendix B.

c) Notice of the proposed meter tests, written on the Local Authority’s
letterhead, were distributed to the affected consumers in advance,
explaining the purpose of the test and giving other pertinent
details of the investigation. A typical example of the notice is given
in Figure 3.

Local Authority
TO THE RESIDENT logo and address

WATER METER TESTING IN (name of suburb)

During the month of (state month), this depantment will be carrying out flow tests on
your water meter. The results form an important part of the research conducted
by this Department into water meter performance. We will be requaning access 10 your
garden tap. Every effort will be made to minimise the disruption of your water supply.
This will be limited to approximately one hour during the hours of (state hours) on the
day in question. The water used will amount to less than R1,00 (One Rand).

Your co-operation will be greatly appreciated.

DIRECTOR

Figure : 3 Typical Notice of Meter Test

d) The day before the test, the test-rig was checked to ensure that it
was in proper working order.

e) On the day of the test one of the team members went ahead of the
test crew and checked that the meters to be tested were working

17



7.3

and had no leaks. He also advised residents that the meter test
would be carried out shortly.

f) The test crew requested the resident not to use any water for the
duration of the test. Before setting up the test-rig the crew
ascertained that there were no leaks on the property by checking
that the meter was completely stopped. If any leaks were found,
no test was carried out at that site.

g) Three tests each for slow, medium and fast flows were carried out
and recorded on the data sheets.

h) Once the test was completed the resident was thanked for his co-
operation and the test crew moved onto the next site.

i) The test sheets were transferred to a spreadsheet and analysed.

Test-Rigs for Domestic Water Meters
Two types of test-rigs were used as shown schematically in Figure 5 and
Figure 6 below. The test-rig shown in Figure 5 was used in

Johannesburg and Pinelands and that shown in Figure 6 was used in
Kempton Park and Durban.

Garden Tag

Vaive

Flow Meter v agiust e Now)

Orum
ool g Elactrone Scale
Qusd -
Figure5: Schematic of Test-Rig used in Johannesburg and
Pinelands
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7.4

7.5

Garden Tap

Vaive Vae
Check Meter Flow Meter  (To agiust the flow] (To sicpistan 1est)

Domesdc Meter

Dmnbution Standg il
mm

Figure 6 : Schematic of Test-Rig used in Kempton Park and Durban

The latter test-rig was found to be more efficient. This rig does not limit
the volume of water used for each test. Furthermore, the scale of the
former test g was sensitive to wind disturbances. A drawback of the
latter rig is that the check meter must be of a very high quality capable of
accurately measuring flows as low as 1¢/min.

Problems Encountered with Meter Readers

Meter Readers from the Local Authorities were used to assist with the in-
situ testing of domestic meters. It was found that being accustomed to
reading whole numbers only, the meter readers had difficulty in reading
the decimal graduations accurately. This resulted in a number of test
results, especially for the low flow tests, having to be discarded because
of spurious results.

Analysis of Test Results

Meter errors were calculated using the following formula:

Error,, w Yo=¥Y___ . x100
vmw
where V. = volume of water read on the test meter

Vesswes = VOlume of water measured by the test-rig
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7.6

In the above equation a positive error indicates that the meter is over-
reading, i.e. less water has passed through the meter than is indicated
by it. A negative error indicates that the meter is under-reading, i.e. more
water has passed through the meter than indicated by it.

The results of the tests for each area are tabulated in Appendix B. From
these results the following general observations can be made:

a)  Meter accuracy deteriorates with time or volume of water passing
through the meter. The accurate reading life span of the meters
could not be determined from the tests carried out. In some
instances, two-year old meters were found to be inaccurate while
20-year old meters were still recording accurately.

b) Meter inaccuracies were both positive and negative. This results
in inaccuracies cancelling out each other so that the UAW
component attributable to meter inaccuracy is difficult to determine
with certainty.

c) Percentage errors at low flows are higher than at high or full bore
flows.

d) Positive displacement meters tend to under-read at high flows and
over-read at other flows. Multi-jet meters tend to over-read at all
flows.

Procedures for Meter Testing of Large Consumers

The in-situ meter testing of large consumers in Kempton Park was caried
out by Council personnel. The procedures used were similar to those
used for domestic water meters with the exception that test points were
installed in the consumer connection prior to the test, This allowed the
monitoring of the check meter for extended periods of time without
causing any inconvenience to the consumer. The schematic of the test-
rig used for this exercise is shown in Figure 7.
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7.7

Two type of tests were carried out at each meter, viz:

7.6.1 Meter accuracy test

This test was carried out to determine the accuracy of the meter
at low, medium and high flows. The principles used for this test
were identical to those used for the domestic water meter tests,

7.6.2 Meter size and type test

This test was carried out to determine the correct size and type of
meter for the individual consumer. Water to the consumers was
diverted through a check meter and logged for a 24-hour period.
The demand pattemn thus recorded was analysed to ascertain the
correct size and type of meter for the particular consumer.

The test results are tabulated in Appendix B.

Large Consumer Meter S
To Consumer

Figure 7 : Schematic of Test-Rig for Large Consumer Meter Tests

Conclusions

Based on the foregoing the following conclusions were made:

7.7.1 In-situ meter testing

The in-situ sample testing of consumer meters is an invaluable tool
for assessing the performance of meters in different areas and
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7.7.2

773

various conditions of installation. However, this test should not be
carried out once only but rather at several convenient time
intervals so that a data base of meter performance can be
established from this a meter replacement policy can be
formulated. Of great importance is the in-situ testing of meters of
large consumers, an area where considerable UAW and revenue
loss can be eliminated.

Meter readers must be properly trained in reading the decimal
graduations correctly prior to the in-situ test being carried out.

Respeonsibility for meter reading

The reading of consumer meters should become the responsibility
of the Water Department and not the Treasury Department. The
Water Department would then transfer all the relevant information
from its meter data base to the Treasury Department for billing

purposes.

This system has the added benefit that the Water Department
data base would be structured along reservoir or supply zone
boundaries, making water audits easier and more meaningful.

Hand held terminals

The use of hand held electronic terminals for meter reading
purposes, rather than the book entry system, holds many
advantages for the Local Authority.

The UAW Manual

As discussed in item 2(f), one of the objectives of this Project was “To compile
a comprehensive UAW manual for use by water distribution authorities”. With
the decision of combining the UAW Manual with the CoP for the Management
of Potable Water Distribution Systems, the UAW Manual was revised so that it
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conformed with the definitions, terminology and structure of the CoP. The UAW
Manual, as handed to the CoP Committee, is published as WRC Report No
489/2/97. However, once the CoP is published, the UAW Manual will be
superseded by it.

Discussions, Conclusions and Recommendations

9.1

Achievements of the Project

9.1.1.

9.1.2

Objective 2 (a) of the Project

With regard to the Project objective described in item 2 (a), the
research has determined that the status quo of UAW management
in South Africa varies considerably from one Local Authority to
another. In some instances, such as the Durban Corporation,
Johannesburg City Council, Kempton Park City Council and
Pinelands Municipality, there are comprehensive and active UAW
management structures in place, This is largely due to senior
management officials who are committed and dedicated to the
principles of UAW management.

In other instances, especially the smaller Local Authorities, there
is little or no attempt at UAW management. These Local
Authorities generally use reactive means of leakage control and
compensate for any loss of revenue by adjusting water tariffs on
a regular basis.

Generally the status quo of UAW management and knowledge is
alarmingly low for the water-stressed conditions prevailing in South
Africa.

Objective 2(b) of the Project

With regard to the Project objective described in item 2(b), the
research determined that the defintion and method of
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quantification of UAW varied considerably from one local Authonty
to another. This, together with the lack of widespread information,
has made it impossible to quantify UAW on a national basis. The
situation has been further exacerbated by a culture of non-
payment of services and the virtual collapse of Local Authority
govemance in some of the former black areas.

The rapid urbanisation experienced in South Africa since the late
1980s has resulted in a tremendous increase in the number of
consumers within the Local Authorities' areas of jurisdiction. In
most cases the Local Authorities have not had the resources to
meter and monitor all new consumers. Furthermore, land
invasions have resulted in the widespread practice of consumers
installing connections without the authority and/or knowledge of
the Local Authority,

From the replies to the questionnaires UAW ., ranged from 3,57
Mi/d to 59,34 Mi/d and from 2,8% to 34,8% of the average daily
volume of water supplied to the system. Estimates of national
UAW given in various publications range from 12,8% to 40% of the
total production of water which is slightly more conservative than
the research indicates.

9.1.3 Objectives 2(c) to 2(f) of the Project

The Project objectives described in items 2 (c) to 2 (e) are all
incorporated in item 2 (f), i.e. the compilation of a comprehensive
UAW Manual which is included in Appendix C. With the
incorporation of the UAW Manual into the CoP, these objectives
have been met and surpassed.

9.2 Conclusions

Although the objectives of the Project have been achieved with the
exception of determining the national status quo and quantity of UAW
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9.3

000 'l WRC WY

mainly due to the lack of comprehensive and compatible information, the
compilation of the UAW Manual has further expanded on most of the
Project objectives. It is envisaged that with the recent introduction of the
National Water Supply Regulations and the imminent publication of the
CoP incorporating the UAW Manual, all Local Authorities will stan
developing and implementing UAW management structures. The
Regulations require that the Local Authorities carry out comprehensive
annual water audits. The information gathered by these audits over a
period of time will give an accurate indication of the national UAW
situation.

Recommendations

The authors recommend that a standing committee be formed under the
auspices of a statutory body such as the Department of Water Affairs and
Forestry, WRC, WISA, or any other suitable body, with the purpose of
collecting the data of the annual water audits from all Local Authorities
and capturing this data on a central data base. The information could
then be used to determine national norms of UAW which Local
Authorities could use as a bench mark in assessing their performance in
the management and control of UAW.

The authors recommend further that once the CoP, incorporating the

UAW Manual, is published it should be presented at a series of nation-
wide seminars to as many Local Authorities as possible.
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APPENDIX A
UAW QUESTIONNAIRE AND ANALYSIS
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QUESTIONNAIRE : UAW AND WATER DISTRIBUTION SYSTEMS : 1992/1993

Authonty title:
1. Total length of distnibution and trunk mains (excl leads)
2. Operating budget
Number of connections domeshc
other
Total

& Average quantity of water supplied into system
5, Average purchase pnce

6. Average total quantity of water sold domestic
other (own town)
other towns
Total

7 Average selling price domestic
other
Total

B. Your estimate of unaccounted for water (UAW) expressed as a
percentage of water purchased/produced

Please circle the appropriate answers for questions 9 to 16

9. Are all consumers metered 7

10. How do you determine ummetered consumption 7

1. Is your department responsible for meter reading 7

12. Do you have a programme in place 1o test or replace meters ?
13. Do you operate zone metenng 10 measure water leak losses ?
14, Do you have any system in place to control leakage losses ?
15. Do you have a programme for the maintenance of fittings ?
16. Would you like to be more involved in this project 7

Yes/No
Do novEstimated
YesNo
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No

Please comment briefly here if answers to 10, 12, 14, & 15 above are positive:

.............................................................

................................................................

...............................................................
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APPENDIX B

IN-SITU METER TESTING
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IN-SITU DOMESTIC WATER METER TEST IN JOHANNESBURG

SUBURB Bezuidenhout Valley and Houghton

DATE : July 1989



DATE o

SUBURB METER TYPE
STAND NO METER NO
ADDRESS METER SQE

POSITION
STAT. PRESSURE READING

TEST WEIGHT | TESTFLOW | INITIAL FINAL VOLUME TIME ‘s
ERROR
G PRESSURE |READING | READING | VeVi-V2
KPa i v2

B-3




Table 1: Meter Accuracy Flow Rate 10 (/h

Number of maters

*. not recorang

%% Over TecOrging
. uUNGET recoraINg

S With nO enor

"sorrorc 1
e @ror< 2%
S emor <3
Teemor<5%
% oo < 0%

e arror > 10 %

A Q8 @ror

Table 2: Meter Accuracy Flow Rate 30 t/n

Numder of matas
*% N0t recording
%% over recording
% Unoer recaraing
“% With no emor
Nomor< 1N
e «2%
semor<3i%
Serrcr<Sh

semmorc 10%

%S emor> 10%

A




Table 3: Meter Accuracy Flow Rate 150 ¢/h

Table 4: Meter Accuracy Flow Rate 600 t/h
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Table 5: Meter Accuracy Flow Rate > 1000 ¢/h

Sermora2%
Seeror<3®
wemmor«<5%
seror <105

Seemor>10%

Table 6: Average of all rosults of Meter Aocuracy
and

a7

% I%n 0%
% 8% 76 %
ns . 9% 2%
AL 1% 10% 3%

L LI 15% 2% 24%

16 % 2% 5'5 “\

20% 285 7% 80 %
7% MH% 16 % 6%
5% 1% 3% 45 % 0%
50 % 7% 2T% S4% 7%

| +213%  «314% +164% +182% +5.0%



IN-SITU DOMESTIC WATER METER TEST IN PINELANDS

DATE : June - July 1994
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Pinelands Town Council

Insitu meter testing - Domestic meters

Field data sheet DATE

Type of Test: Volumetric Tested by:
Meter Location

Age (Years). Acc. No:

Number: Suburb:

Make: Address:

Model: Stand No:

Unit (Kl or Gal): Company:

Size (mm):

Slow

Medium

Fast

Comments:

B-8




TABLE A: OLD METERS (c. 20 years old)

B-9



TABLE B: NEW METERS (+ 2 years old)

SERPCRZSIBNIAUTURES
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Error scatter graph for Q=60(/h
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Error Scatter Graph for Q=200(/h
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Error Scatter Graph for Q=Full Bore
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IN-SITU DOMESTIC WATER METER TEST IN KEMPTON PARK

SUBURB Rhodesfield

DATE . May 1995

B-14



INSITU METER TESTING

si-8

AUTHORITY : KEMPTON PARK CITY COUNCIL TESTED BY: = i
DATE / TEST NO.
YEAR  MONTH DAY NO
CONSUMER DETAILS METER DETAILS REMARKS
Type Domestic* Industrial* Commercial* Make
Other: Model
Suburb Size
Street & No Number
Stand No. Unit litre*  gal*
TESTTYPE SLOW (Flow= ) MEDIUM (Flow= ) FAST (Flow= ) FLOW RANGES (litres/hr)
Run  Meter (Time for 1 litre or 5 litre Meter Reading Meter Reading Test Type Meter Size
- il Initial Final Initial  Final 15 mm 20mm
1 Insitu Slow 55-65 110-130
Check Medium 450-550 900-1100
2  Insitu Fast 1400-1600 2300-2700
Check * Tick Appropriate Box
3  Insitu ** Dependant on Graduation
Check Resolution of Insitu Meter
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Errors scatter graph
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IN-SITU DOMESTIC WATER METER TEST IN DURBAN
SUBURB : Reservoir Hills

DATE : June - August 1995
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INSITU METER TESTING

AUTHORITY DURBAN CORPORATION TESTED BY:
DATE / TEST NO.
YEAR  MONTH DAY NO
CONSUMER DETAILS METER DETAILS REMARKS
Type Domestic* Industrial* Commercial* Make
Other: Model
Suburb Size
Street & No Number
Stand No. Unit litre*  gal*
TESTTYPE SLOW (Flow= ) MEDIUM (Flow= ) FAST (Flow= ) FLOW RANGES (litres/hr)
Run  Meter (Time for 1 litre or 5 litre Meter Reading Meter Reading Test Type Meter Size
e R Sseney™ Final  Initial  Final 15mm | 20mm
1 Insitu Slow 55-65 110-130
Check Medium | 450-550 900-1100
2 Insitu Fast 1400-1600 = 2300-2700
Check * Tick Appropriate Box
3 Insitu ** Dependant on Graduation
Check Resolution of Insitu Meter
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Errors Scatter Graph
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Errors Scatter Graph
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IN-SITU METER TESTS OF LARGE CONSUMERS IN KEMPTON PARK

DATE : January 1994 - June 1995
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