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PREFACE
The provision of a cheap, plentiful and wholesome supply of water is a matter of
concern, not only to all disciplines involved in the water industry, but also to the
general public whose present-day standard of living is based upon the availability
of water on tap 24 hours a day.

It is not surprising therefore that, to the man in the street, waste of water is
synonymous with waste of money, particularly where heavy expenditure is needed
for the development of new water resources. The position is exacerbated when
such development is seen to affect the environment and the lives of many people.

At the present time opinions differ as to what constitutes "waste" for the word
has both a legal and a vernacular meaning. Furthermore the modern term
"unaccounted for water" has introduced a new concept by which some have equated
lack of accurate statistics to actual leakage or undue consumption. It is certain
that much more information is needed about meter accuracy and per capita use
both at home and at work before the true extent of water losses and the best
means of exercising economic control can be established.

The Symposium will endeavour to present information, views and facts on this
important subject which may not be fully understood at present, even by people
working in this specialised field. The Symposium, however, is not intended to be
solely for engineers, as the range of the papers will be of interest to all those with a
general involvement in the subject. The topic is of equal interest to those in other
countries and it is expected that many overseas delegates will attend.
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OPtNING

The Rt Hon Tom King, MP

The President, Mr. E.C. Reed, introduced the Rt Hon Tom King, MP, Minister
for Local Government and Environmental Services, and invited him to open the
Symposium.

Mr. King acknowledged his introduction. He had recently returned from a trade
mission for water industries to the Middle East. As a nation we had lost many
of our traditional markets. That made it all the more important for us to
strive even harder in those fields where our skills and experience and proven
technology offered the best prospects. One of those fields was undoubtedly
the water industry. The work which we did on leakage control, as on many
other subjects, which was important to ourselves also had a very direct
potential for export.

Mr. King had been told that it lay within our grasp both technologically
and economically to detect and prevent leakage of as much as ten per cent of
the total quanity of water available for use. The implications of such a
saving on the costs and efficiency of the industry would be considerable, not
just on pumping and treatment costs but also at a time of concern over the
loss of agricultural land as a result of the demand for new reservoirs. It
was inevitable that anyone seeking to promote a new reservoir in the future
must show that all reasonable steps had been taken to conserve resources and
to reduce costs.

Mr. King then referred to the work of the Water Research Centre on new
leak detection equipment. There were in addition four related topics, which
applied individually or in combination were of importance when considering
rising demands for water; these were metering of water supplies to consumers,
research on variable flush devices for WC cisterns, new model byelaws, and
achieving public understanding of the need for economy in water use.

Mr. King concluded by wishing the Institution success with its Symposium
which he had been pleased to open.



I. CATCHMENT LOSSES: BUT FIRST SOME BACKGROUND

K.J.H.Saxcon, MA, FICE, FIMechE, FIWES, FBIM*

The scene is set by reference to the 197U IWES
Symposium on Waste Control and to some of the principal
official documents since published. What has and has
not changed in the water industry's thinking is noted.

Types of catchment loss and their orders of magnitude
and cost are identified. The continuing need for
better quality control over measurement and data
collection is stressed.

INTRODUCTION

The President's brief to me for this introductory paper was to give, "mainly
a historical run-up". This made me think of the first book I can now
consciously remember having read concerning the water industry. It was a
history of the water supply of London, published by the Metropolitan Water
Board (I), and typically put the rest of the United Kingdom water industry
politely in its place. The book began with the sentence, "The supply of water
to the City of London presented no grave problem down to the end of the 12th
Century"! So prior to 1236, when at the request of Henry III, Gilbert
Sandforde granted to the citizens of London and their successors "liberty to
convey water from the town of Tyburn into the city by pipes of lead", there
presumably were no problems in the United Kingdom with what we are now
encouraged to describe, not as "waste", but as "transmission losses". However,
the subject of water losses and leakage control is one of the oldest in the
water business and Sextus Julius Frontinus, the water commissioner of Rome in
97 A.O. tells in his writings (2) of shortages of supply, lack of pressure,
aqueducts which were a continual source of leakage and illegal connections to
the distribution system of Rome.

THE 197^4 SYMPOSIUM

My thoughts also turned to the Symposium on Waste Control which this
Institution held at Reading in September 197** and to the introduction then by
Harry Giles of his paper on "The Causes and Extent of Waste and Undue
Consumption" ( 3 ) . Giles said that whenever water engineers forgathered the
question was invariably posed, "What is your waste level and what do you mean
by waste?". While resisting the temptation at this stage to add still further
definitions to those produced over past decades, I will also resist answering

•- Formerly Director of Resource Planning, Welsh Water Authority
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IWES: AN UNDERSTANDING OF WATER LOSSES

the initial question posed by Stanley Barrett when he launched that 197**
Symposium, "What is Waste?1'.

Instead what I will do, is draw attention to the dramatic change in some
of our thinking within the United Kingdom water industry since 1 9 7 V Can it
really only be seven years since Barrett was saying "... demands for water
are ever increasing" and that "... water lost by leakage cannot have much
impact on forward planning"? (3) Admittedly.Judith Rees in her 19 7^ paper
"Waste Control: An Economic Approach" (3) was already beg inning to take us
to task; she and a few others were floating the concept of demand management
and of the likely benefits to be derived from the integration of resources.
This w a s leading into the optimal provision and utilization of water supply
facilities which we now favour so much. To bring us up to date it is
significant that in the Monopolies and Mergers Commission Report published
in June 1981 on the Severn-Trent Water Authority, and Lhe East Worcestershire
and South Staffordshire Water Companies, ( M no less than ten pages refer to
water leakago and its control in relation to demand management. Amongst the
Comnii ssion's conclusions is one that "... more manpower should be a I located
to leakage con t roI when the properly discounted costs of this activity are
less t han t he va1uc of t ho benof i t s, wh i ch shouId include savings in capital
budqtM " .

Ernest Young in his 197^ paper "Future Measures to Minimize the Waste of
Water" ( 3 ) , was telling u s , "... loss of water f rom undertakings 1 distribut ion
p i pe<i c 1 750 10 182 0 was thought 10 be about one-third of the total supply"
Earlier, but on t hat some day in 19 7^, James Reid was assur i ng us when
introducing his paper on "Design and Operation of Distribution S y s t e m s " (3)
that 1 hr average losses in t ho M,inches Ier area were I he prcc i so f igure of
6.8... I wonder whet her anyone in this our I98I Sytupos i urn will refer to losses
in 111 rms of one l en t h of one per cent! I suspeCI t hat with p re sen t knowledge
they wi I I no I and, indeed, if we accept the Rocom1nend.1t ion 3a of the joint
Department of the Environment (DoE) and National Water Council (NWC)TechnicaI
Work in<) C foup on Was U- of Wat cr {'j) , we will not oven uso "percentages of
quant it i es supp I 1 etl" for mak i ng conip.i r i sons of I eakage leve 1 s . Tha t Work i ng
Group, incidentally, had originally been set up in 1973 and after two interim
r 1 pci 1 1 s it pub I i shed its f i no I Repor t in July I98O. Young and Reid were both
members of the Group, under the chairmanship of Frank Ridley, and whilst being
c.in*fu I not to use t he word "percentage" I mus t say that the order of
magnitude most of us now have in mind is likely to be nearer that mentioned
by Yount), rather than that by Reid.

Others of the views expressed by those present at the 197^ Sympos i urn can
now bo stated with even greater conviction. The Water Research Centre (WRC)
in its Technical Report TR15^* published in November I98O on "The Results of
the Experimental Programme on Leakage and Leakage Control" (6) stated that
the effect of pressure on the rate of leakage is now known and has been
found to be greater than theoretical considerations wouId suggest. Apparently,
a given reduction in pressure will cause a correspond ing greater reduction in
leakage. Subsequent authors and speakers at this 1981 Symposium are likely
to be drawing heavily upon the findings of the DoE/NWC Working Party and on
the work of the WRC and so no further reference will be made at this point
to t hese Report s.

MEASUREMENT

On the sub j e c t of m e a s u r e m e n t , G i l e s in 197** w a s d r a w i n g a t t e n t i o n ( 3 ) to the
relative i n a c c u r a c i e s of m e t e r s and in the second P a p e r at this 19& 1
Sympos i um Field and Spence r will be dea1i ng in detail w i t h f low m e a s u r e m e n t .
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IWES: AN UNDERSTANDING OF WATER LOSSES

I deliberately do not intend myself to refer in depth to the subject of the
metering of domestic water supplies, but as metering and methods of charging
for water inevitably bring us back to the subjects of demand management,
cost/benefit and the use and misuse of water, I wi11 just quote as food for
later thought the following paragraph from the 1981 Corporate Plan of the
Severn-Trent Water Authority "To 1986 and Onwards" ( 7 ) : -

"... the severely curtailed approach to capital investment would
conflict further with meeting all the demands arising from
incautious or uncontrolled use of water. There are two main
areas to be tackled. Leakage from supply mains has been increasing
steadily in recent years and insufficient resources have been
available to find and stem it, even where economic to do so.
Secondly, it is becoming clear that the peak rate of domestic
consumption is rising markedly as a result of increasing use for
garden watering. In order to secure more frugal use of water in
an economic climate of low investment levels it may be necessary
both to charge for garden watering and to impose selective bans
if there is a real possibility of supplies falling to danger level.
Both these problems require an initial increase in the use of
financial and manpower resources in direct contrast to present
policies."

The thinking in the water industry seems yet again to be turning full
ci rcle!

In 1971* Rees was saying (3), "... accurate data gathering could be seen
as a clear prerequisite for reducing all forms of wastage in water use". She
hoped the 197^* Symposium would stimulate developments in this direction.
Whether the Symposium did so to any significant extent remains to be seen but
there is no doubt her premise was correct. I have to admit that one of the
things which surprised me when I arrived in Wales in 197^* was how little
some of the Welsh Water Authority's predecessors really knew about the
quantities of water moving around their undertakings. Detailed statistics to
three and four significant figures had been quoted for daily consumptions and
yet, in one of the smaller divisions, it was subsequently discovered that
not even a single major water meter existed. In another division, the figures
being quoted in official records had been derived solely from the fact that
they looked about right when compared with neighbouring undertakings!
Hopefully, after seven years a greater understanding exists of the overall
situation, without us being misled by spurious degrees of accuracy, but there
still is much scope for improvement in the measurement both of water usage
and of the water leaving sources.

CATCHMENT LOSSES

The preceding paragraph has, therefore, brought us to the second and main
aspect in the President's brief to me which was that I introduce the subject
of catchment losses.

In the United Kingdom there is no intrinsic shortage of water. Rainfall
is ample to meet all water demands for the foreseeable future; where
problems do arise it is from the uneven distribution of rainfall over both
time and place. The measurement of rainfall in association with the water
supply industry has been taking place for approaching a century and a half.
Bateman (8) certainly recorded rainfall in the Derwent Valley catchment at
Bamford-cum-Hathersage in the years lS^O and 18<)1 and others of you may know
of even earlier records. Most water authorities have been re-examining in
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recent years the quality of the rainfall data they have been accumulating and
gauges with inaccurate records due to incorrect exposure, vandalism, or
insufficient interest by observers are being discontinued. In the area of the
Welsh Water Authority the number of gauges has been reduced by nearly 10 per
cent in the last seven years and now averages one per 35 sq kilometres.

This reminds me of the recommendation being made in 1963 by myself and
my predecessor as Engineer to the Derwent Valley Water Board, Reg Thompson
(9), that after an initial ten year period a few gauges well dispersed can
give a good representation of mean rainfall at all times of the year
providing the number of gauges is not reduced to less than one per 39 sq
kilometres (15 square miles). I wonder what Reg Thompson, if he were still
alive, would have to say today about weather radar!

Run-off Data

Early in the 1960s there developed an increasing awareness of the need
for run-off data and this was accelerated following the passing of the Water
Resources Act 1963. For example, the Welsh Authority now has 123 river
gauging stations although it must be admitted that some of the past records
from these stations are still being critically examined with regard to
accuracy. For some reservoirs in Wales, run-off records are available for
yield calculations but for most of the smaller reservoirs the yield has been
derived by first assessing the average annual rainfall, then subtracting
average annual losses to get the average annual run-off and applying a
regional model to obtain the yield value.

Logan Jack drew attention in 1977 (10) to the lack of published
information on annual catchment losses and the difficulty of obtaining
accurate data upon which to base guidelines for hydrologists on the
estimation of such losses. He suggested a practical method using a technique
which relies on choosing an initial value which is then adjusted to allow for
elevation, exposure and afforestation. The range of annual loss figures which
can be expected on Welsh catchments using this technique is illustrated by
the following examples:

Exposure Afforestation Losses
% mm

N 0 360
10 <(70

E 70 550

Nearly half the rain falling on the United Kingdom returns to the
atmosphere either directly by evaporation or indirectly by transpiration
through p l a n t s . The development of thinking in the United Kingdom since the
Second World War on the impact of afforestation on water supply interests has
been interesting. In the years immediately after the War there was an
awareness that increased afforestation would render the nation less vulnerable
to the kind of timber shortages that had been experienced in wartime and
considerable amounts of land owned by water undertakings were let to the
Forestry Commission, often on 999 year leases. There was little indication
at that time that forest cover on a water catchment was less suitable for
run-off purposes than the open m o o r l a n d s and unimproved farms. In fact, the
traditional view from as far back as the previous century was that "a
covering of trees and grass is very beneficial in increasing the average-
discharge of a river by reducing evaporation, especially in the summer months

1.1.

Location

Snowdon i a
Mid Wales
Mid Wales

Size

smal 1
large
smal 1

Effects of Af forestat ion

E levat ion
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when water is most needed". (11) The issue was investigated at length by the
Gathering Grounds Sub-Committee of the Central Advisory Water Committee.
Their report (12), published in 19^8, concluded that water undertakers should
be encouraged to adopt a policy of afforestation in gathering grounds where
the conditions were suitable and where the land could not be more economically
used for agriculture.

In the early 1950s research in other countries was arriving at very
different conclusions. For example, comparisons in Holland between four small
plots of scrub, deciduous trees, coniferous trees and bare soil resulted in
the conclusion that "... it was evident that conifers represented the worst
kind of vegetation for a water supply catchment". (13) In the United States
of America the conclusion was being reached that "... forest vegetation may
exert a substantial effect upon the net precipitation reaching the soi 1". (1 *•)

Following on from this, Frank Law, Engineer to the then Fylde Uater
Board, carried out experiments in Yorkshire to determine the effects in the
uplands in Britain. Rainfall and runoff were studied in a lysimeter in a
stand of Sitka Spruce at Stocks Reservoir. The results, presented to the
British Association for the Advancement of Science in 1956 (15), showed that
the runoff from the areas of trees was much less than would be expected from
the area if it had been grass-covered. Law found that:

(i) losses in the lysimeter were 290mm/annum greater than
those of the whole reservoir catchment;

(ii) interception in the winter of 1955/56 was as high as
that in the summer of 1956. and inferred that -

(iii) if the whole catchment were afforested there could be a
loss in reliable yield of k2% from the reservoir for water
supply.

Law went on to calculate that at Stocks an acre of forestry reduced the
water supply by an amount capitalised in 1956 at £200, whereas the rent per
acre paid by the Forestry Commission was usually 2s.6d. per annum which
could at that time be capitalised at something under £3- It is interesting
to note that, of these values derived in 1956, the cost to water supply will
have increased considerably in present day prices whereas forestry leases
are usually for long periods and rentals are unlikely to have changed. Thus
the balance now is even more to the financial detriment of water supply.

The debate arising from these results was fierce, with some arguing that
Forestry Commission planting in reservoir catchments should be stopped whilst
others contended that the results were not conclusive. Further research was
called for, resulting in the formation of the Hydrological Research unit (now
the Institute of Hydrology). The Unit was formed to study the hydrological
effects of land use, particularly the differences between forest and grass.
After some time spent on evaluation of sites the Plynlimon study in Wales was
started in I968, whereby the headwater catchments of the Severn (62%
forested) and the Wye {\% forested) were intensively monitored. The remote
nature of the catchments and the wild weather conditions resulted in a slow
start to the experiments until the staffing and instrumentation problems were
resolved. Very little information on the findings at Plynlimon emerged until
1975 but since then there has been considerable coverage in a wide variety of
journals and at scientific meetings. Malcolm Newson in his 1979 (16) paper
to this Institution tells us the conclusions are that the results of the
Stocks experiments are confirmed in that trees do "use" more water than grass,
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IWES: AN UNDERSTANDING OF WATER LOSSES

i.e. less runoff occurs from afforested catchments. In addition, considerable
knowledge has been gained on the processes by which this extra water loss
occurs. Some of the other effects of forestry, previously believed to be
beneficial, have also been shown to be detrimental to water supply - these
include sediment production, water quality effects and flood amelioration.
There is also evidence that fish life is adversely affected. The results(16)
from the Plynlimon catchment for the years 1970-77 show losses of 8A9
mm/annum from the forested sres of the Severn compared with ^05 mm/annum
from the unafforested Wye catchment, an increase of W i m m / a n n u m due to
afforestat i on.

The implications of the Plynlimon results for the water industry were
examined in a paper published in September I980 (17) which reached the
conclusion that four things were still needed:

(i) further data to enable the extra catchment losses due to
afforestation to be evaluated on a monthly, rather than an
annual time scale, and for areas with rainfall between 1000
and 2000 mm/year. (Rainfall at Plynlimon is some 2^00 mm/year.)
The data would then be used to evaluate reduction in reservoir
yields and hence the additional cost to the water industry
from forestry activities.

(ii) data to enable the extra cost to be evaluated of additional
water treatment due to the various effects of afforestation
on water quality.

(iii) means for the effective communication of the outcome of (i)
and (i i) above.

(iv) planning controlover afforestation and where appropriate
financial reimbursement to the water industry.

In October 1980 the National Water Council gave written evidence, on
behalf of the water industry in England and Wales to the Forestry Sub-
Committee of the House of Lords Select Committee on Science and Technology
drawing attention to forestry related research in the post-war years. The
Counci 1 made the point that the industry regarded the massive Institute of
Hydrology project at Plynlimon as conclusive in comparing average runoff
from grassland and forest in wet uplands. The industry saw a need for
further work on seasonal patterns of runoff to quantify the effect on water
yield more precisely and of course this still remains to be done. (18)

These views of the water industry were reflected in Volume 1 of the
Report of the Select Committee when this was published in December I980 (19).
Paragraph 56 of the Report referred in detail to catchment studies and said
that "... in high rainfall uplands mature forest can be expected to reduce
average runoff from grassland by 13-21 per cent (with 50 per cent canopy
cover). Hore detailed work is needed to quantify the reduction in reservoir
yield but this could be expected to range up to 13-21 per cent depending on
the extent of reservoir development (and canopy cover) - Evidence strongly
suggests that there is need for more research - on seasonal patterns of
runoff to quantify yield more precisely. - The scientific case for such work
is strong".

Effects of Local Geology

There is another form of catchment loss which I have not yet mentioned

1.6
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and this has been highlighted by recent work, not yet published, but carried
out for the Welsh Water Authority in the Heads of the Valleys area in South
Wales. The geology of the particular catchment is complex. Most of the
surface rock is of the Millstone Grit series, and underlying this is the
Carboniferous Limestone which in many places has been eroded so that the
overlying Millstone Grit has collapsed into the holes formed by this erosion.
The resulting landform is composed of a number of conical depressions of
various sizes, known as swallow holes, and the study has shown that the run-
off available in the surface streams is **5 per cent of the amount that would
be expected if the catchment did not suffer from leakage. The value of 55
per cent losses applies equally to all months of the year and the effect of
the leakage can therefore be thought of in terms of reduced effective
catchment.

The major points arising from this study of catchment losses are:

(i) that the Welsh Water Authority should consider increasing its
supplies by development from underground sources and that
increased surface storage is inappropriate.

(ii) even though the catchment had been reservoired and used for
water supply for 70 years the existing measurement facilities
in the catchment were unable to indicate the resources available

(iii) within 6 months of commencing accurate catchment measurement
(comprising 1 small weir, 6 raingauges and b water meters) the
catchment resources could be identified. It is felt that this
disproves the view prevalent within certain sections of the
water industry that water balance studies are costly and take
years to achieve results.

Minimum Acceptable Flows and Compensation Water Provision

In this paper I do not intend to dwell at length on the difficulties of
implementing the concept, which arose from the Water Resources Act 1963. of
minimum acceptable flows in relation to inland waters. Similarly I will
leave to others the opportunity to quote examples where, in their opinion,
the requirements for the provision of compensation water are excessive.
Never-the-less the fact does remain that during the major drought in the
United Kingdom of 1975-76, residual flows were in many cases substantially
reduced and apparently with little significant damage to the environment.
Thus the question must arise in some catchments as to whether the existing
provisionsfor compensation water do constitute an excessive "loss" as far as
the provision of water for supply is concerned. Another catchment loss,
which sometimes occurs within the activity of the water industry itself, but
which should be avoided wherever possible, is the failure at water treatment
works to re-cycle the filter washwater and the supernatant water from the
sludge treatment.

COST IMPLICATIONS

Running costs are ever increasing; there is an overall need to conserve
energy, and with figures now being quoted of up to £200,000 per tcmd of yield
as the replacement cost of source works.it is clear that very substantial
sums are involved when we are thinking of water losses. The construction of
additional source works can be deferred by:
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(i) managing the consumers' demand for water,

(ii) reducing the amount of water unaccounted for in the
distribution network, and

(iii) reducing, or at least preventing an increase in, the losses
within the catchment areas of source works.

When attempting to improve our understanding of water losses we should
remember that:

(i) in terms of magnitude, catchment losses can be similar to those
we tend to associate more readily only with the distribution
network.

(ii) the need to increase our knowledge of the movement of water
within the catchment area is just as great as the need to
measure the flow and usage of water in the distribution
network.

(iii) in certain circumstances savings may be achieved more readily
and at less cost by looking at the catchment in addition to
the distribution network.

CONCLUDING REMARKS

To close this introductory paper I take us back to the Institution's 197i*
Symposium at Reading and to the remarks of Ernest Young when concluding his
paper at that time (3). Young said an obvious criticism of his paper was
that it advocated nothing new because it had all been said before. His
answer was that he hoped in 25 years time we would not have to go over the
ground yet again. He felt that having identified the problems we should
exert ourselves to solving them.

I make no apology for repeating much that has been said after only 7
years! In real terms we have made far too little progress in getting to
grips with our problems.
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DISCUSSION

Author's Introduction

Mr Saxton, in introducing his paper, said that i t was apparent that most of
his fel low authors agreed that there had been posi t ive changes in the water
industry 's th inking since the I n s t i t u t i o n ' s previous Symposium on waste in
1974. However, what seemed to be lacking was s u f f i c i e n t change in the
industry 's pract ice on the ground. There cer ta in ly were delays in the
implementation in pract ica l terms of many of the changes in the industry 's
thinking with regard to water losses.

The Planners, faced wi th the almost impossible task of predict ing to
any degree of accuracy the future demand for water services, and t he i r
operational colleagues w i th in the industry had accepted the concept of
the integrated use and opt imizat ion of resources: but the implementation
of the concept of del iberate demand management now appeared l i k e l y to be
shelved for some t ime, as recent evidence showed that l im i ta t ions of finance
and the current indus t r ia l recession were already having a s ign i f i can t e f fec t
upon demand.
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Turning to the subject of catchment losses, Mr Saxton said that, as
could be seen in Table 1, these could be substantial, and in terms of
magnitude similar to those perhaps more readily associated with the
distribution network.

TABLE I - Water losses for Typical Direct Supply Reservoir
(based on reservoirs in the Brecon Beacons)

Yield i f catchment not
afforested

Yield with existing
30% afforested
catchment

Statutory compensation

tcmd

100

90

20

{%)

(100)

(90)

(20)

Decrease/
Increase

y ie ld , tcmd

)

j - 1 0

)
)

Replacement Cost/
Benefit Value

@ £200,000 per tcmd*

£2 mil l ion

water provision

Compensation water
during drought
order

+ 15 £3 mil l ion

(5) )

Water leaving headworks
after provision of stat.
compensation water 70 (100)

Water into supply after
typical existing
"transmission loss" 45 (65)

Existing "transmission )
loss" 25 (35) )

)
Assumed "transmission )
loss" after intensive )
waste detection campaign 10 (15) )

+ 15 £3 mil l ion

* capitalised value of typical rental received by water industry for area
of catchment leased for afforestation is £20,000 (£1,000 p.a.)

Discussion

W.J. JACK (Welsh Water Authority) in opening the discussion referred to a
particular catchment where, not only were there a number of different types
of loss affecting the supply, but also the economic effect of these losses
was very great.

The Carno catchment in South Wales supplied Ebbw Vale and i t s surrounding
area. The supply from the catchment was reduced from the maximum possible
by four forms of loss:

(a) loss to underlying geological strata, as detailed in the paper

(b) reduction in run off due to land use change from sheep grazing
to coniferous forest
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(c) releases of water from the reservoir for compensation to
the r iver.

(d) loss due to the d i f f i cu l ty in maintaining the catch water
channels which brought in extra water from surrounding
high ground by gravity.

Mr Jack described how the Carno supplies had to be augmented by water pumped
from the Talybont and Taf Fechan reservoirs. The pumping heads associated
with these transfers were 549m and 410m respectively. Thus, every drop of
water lost from the Carno catchment had to be replaced by very expensive
water: e lectr ic i ty charger associated with the Talybont transfer amounted
to 36p per thousand gallons.

Carno provided one example, but there were many other supply systems
where considerable savings could be made by reducing catchment losses.

H.D.M. SPEED (Newcastle and Gateshead Water Company) congratulated
Mr Saxton on his comprehensive, thoughtful, and well researched paper which
had focused attention on the problems of catchment afforestation, such as
water quality and the losses in run-off and their corresponding financial
value. Presumably account should be taken of the value of the tree crop,
either to the water undertaking direct i f i t owned the forest, or to the
nation in the case of Forestry Commission woodland. The Newcastle and
Gateshead Water Company was actively pursuing a policy of commercial
forestry, and current figures indicated yields of about £4700 per acre for
30 year old stands of timber. Substantial grants were obtainable for
replanting and the financial yield appeared to compare very favourably
with Mr Frank Law's figure of £200 for the capitalized value of one acre
of catchment in 1956 in terms of i t s run-off y ie ld . Mr Speed wondered
i f Mr Saxton knew of any current ef for t to compare the relative worth of
tree crops and run-off. There was also the wider national interest of
the need to grow trees somewhere; perhaps where new catchments were
developed there was potential for harvesting a tree crop before the fu l l
yield of the catchment was needed!

Mr Saxton had referred in his introduction to the question of
compensation water: although this was not waste in the str ictest sense,
i t nevertheless constituted a loss; Mr Speed understood that at least
one water authority had managed successfully to re-negotiate compensation
flows downward without resort to public enquiry but with the execution
of minor river works. There must be scope for useful i f perhaps not
substantial gains in many places. There was a tendency to think of
compensation flows which were written into Acts or Orders as inviolable
but many such figures had been plucked from rather thin a i r , perhaps
before the turn of the century, without any proper basis in stream flow
measurement or, for that matter, need: there must be potential for change
in the l ight both of altered circumstances and many decades of catchment
records. Mr Speed would be interested to hear further from Mr Saxton
his view of the scope for such changes and their pol i t ica l v iab i l i t y .

The final point which he wanted to make concerned regulation losses:
regulation was, of course, very wasteful in terms of ef f ic ient energy use
but regulation losses themselves could amount to 10% or more of releases
from reservoirs. This was a fa i r l y substantial amount and he wondered
i f there was scope for a more f lexible attitude to 'hands off flows' in
periods immediately before and after regulation.
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"K.F. ROBERTS (Wessex Water Authority) said that for him the most important
message of the paper was contained in i t s last 17 words ' in real terms we
have made far too l i t tLe progress in getting to grips with our problems'
(meaning leakage). Although they might claim that their efforts since the
war had contained the problem within reasonable l im i ts , Mr Roberts suggested
they should not underestimate the value of the work already done because any
relaxation in waste control could lead down a slippery slope from which the
recovery of the situation was d i f f i cu l t i f not impossible: those engaged on
overseas assignments associated with waterworks knew this aspect too well .

He thought that few would deny that unti l a few years ago, the
distribution side of water service was a Cinderella act iv i ty and spending
qn waste detection and control was not always treated in a consistent manner.
The economic situation had changed since the last symposium and in a climate
when waste of any type was regarded as inef f ic ient , the mood had changed and
the pr ior i ty for dealing with 'unaccounted for water' was now based more on
the 'return on the expenditure' assessment. Because of this the author's
replacement cost of source works in relation to waste losses was most
helpful. However, this was only part of the story and Mr Roberts referred
to the fact that 60% to 70% of the assets of a water service were underground
and mainly in the distribution system. In his Authority, a recent move to
introduce automatic pressure l imitation in one area without prejudice to the
standards of service to the consumers, had a profound effect on the total
demand and in consequence on replacement and repairs expenditure. He
wondered whether the author could give figures to complement the source
works costs on page 1.7 in respect of distr ibution works savings so that
waste expenditure could be equated to an overall cost benefit.

Mr Roberts said he was indebted to the author for his summary of the
current position on catchment losses, but thought that any possible savings
from changes in afforestation policy were very long term and in any case
the subject required more investigation. He concluded by saying that in
his view recent developments in microtechnology and telemetry had given
the industry new 'weapons in their armoury' to attack the waste problem
and he thought this was a challenge to the Inst i tut ion's Micro-technology
Group to consider the part they could play in developing new techniques.

K.F. CLARKE (Anglian Water Authority) said that he must react to the author's
statement '...we have made far too l i t t l e progress in getting to grips with
our problems', and put forward a contrary view. The water industry had,
in the last seven years: absorbed the biggest reorganization in i t s history;
reduced i ts capital programme by half in real terms; reduced i ts staf f ;
and coped with massive changes in demand forecasts; while at the same time
maintaining, and in many aspects, improving, i t s high level of service.
At the same time the industry had made far-sighted water use studies which
had produced firm evidence of water use and unaccounted for water; carried
out significant exercises to-ensure that the amount of water going into
supply was measured more accurately; carried out large exercises to identify
where leakage was occurring and where i t was cost effective to reduce i t ;
and modified i ts demand forecasts signif icantly by assuming that leakage
would be reduced, and as a result signif icantly slowed down i ts capital
investment programme. Therefore the industry should be proud of what i t
has done, although i t should not be complacent. ' '"i", '

Finally, the author had said ' I wonder what Reg-Jhprnpson, i f he was
s t i l l a l ive, would have to say about rain radar?', an'ij^i'n xase this was
meant to be derogatory, Mr Clarke said that though rain..tfjj'clar did not
necessarily have a role in the evaluation of qualitywat||1Resources, i t
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had a tremendous potential for helping water authorities improve the speed
and efficiency of their operations.

B.H. ROFE (Rofe, Kennard and Lapworth) said that with regard to the now
accepted loss of run off due to afforestation, i t should be noted that this
could not be regarded simply as a water loss in national terms, as the use
of water for growing trees in this way was acknowledged to be an eff ic ient
process. I t should be noted that there were also considerable adverse
effects where trees were removed from a catchment, especially in regard to
si l tat ion and increased flood run offs.

The example given of pumped input to a catchment from a neighbouring
catchment or area was an example of a growing problem induced by the
theoretical requirement for a 'water g r i d ' . The basic point of design
needed emphasizing: i t always cost a lot of money and energy to move
water around - water was heavy stuff!' In addition the process of moving
water around would inevitably lead to some transmission loss. I t was
suggested therefore that the local source, be i t groundwater or local
impoundment, was of considerable merit compared with the long distance
transfer (which might at f i r s t sight on economic comparison appear to be
cheaper).

A further example of a situation where surface water was ' los t ' to the
ground was shown in the applications of the Thames Groundwater Scheme. In
some areas of the Berkshire Downs there was evidence of swallow holes and
fissures, and the groundwater modelling carried out had shown that there
was considerably more recharge under summer conditions than would be
indicated by current theories. However, the water was not in fact ' l o s t ' ,
as i t could be effectively stored underground and pumped out when required.
This led to a much cheaper overall cost of water supplied than allowing i t
to run off into the rivers and having to pump i t back again.

Author's reply

Mr Saxton replying to the discussion wrote that the contribution by Mr Jack,
which gave more detail about the Carno catchment, was must useful in drawing
attention to the economic effect of the losses in this particular catchment.
I t gave him the opportunity to restate, what should be obvious but nevertheless
was frequently missed; that a greater understanding of water losses should
make i t possible to give pr ior i ty to those investigations l ike ly to prove
most cost-effective in reducing waste.

Mr Speed and Mr Rofe had both touched upon the commercial value to the
nation of afforestation and Mr Speed had asked whether he knew of any current
e'ffort to compare the relative worth of tree crops and run off . The short
answer to this was that he did not, but the subject had been raised at his
request by colleagues at a seminar held in the Spring of 1979 at the Centre
for Agricultural Strategy, Reading University. In February 1980 the Centre
published i ts Report 6, 'Strategy for the UK forest industry'. Two extracts
from the Report make i t clear that, i f as yet there was no such effort to
compare the relative worth of trees and run o f f , there certainly was a need
for i t . The extracts were from page 136 of the Report,
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the state should also consider the possible disadvantages
of using land for forestry such as effects on water
supplies, impact upon the countryside and implications for
food production. Economic analysis of these factors would
be extremely complex and not all the necessary data are
available.

and from page 207,

the effect of afforestation on water collected from
catchments is not clear cut. . . . Costs borne by Water
Authorities wi l l probably rise because of lower flows
and variable quality of water. Costs to forestry
interests wi l l rise i f special measures are needed to
reduce adverse effects on yield and quality. More
research is needed on the regularity, quality and amount
of water yield from catchments under all types of
vegetation and use: pasture, gorse, forests and scrub.

This information is essential as a basis for land use
and planning. Once the information is available,
compromises w i l l be necessary to allow more intensive
use of the uplands.

So that i t should not be lost, however, the point he was making in paragraph
(iv) on page 1.6 of his own paper was that in his opinion even where
afforestation was in the national interest but resulted in additional costs
to the water industry, the state should make appropriate financial reimburse-
ment to the water industry.

Mr Speed had also asked for his views on the scope for changes in the
provision of compensation water and their polit ical v iabi l i ty. He would
not presume to comment upon 'pol i t ical v iabi l i ty ' but he certainly fe l t
there were l ikely to be many cases s t i l l in existence where compensation
water provisions were based upon circumstances which were no longer str ict ly
applicable. He had in mind various categories: f i r s t l y , the requirement
for compensation water from reservoirs, such as some in the Pennines, for
mills and dye-works which were no longer in operation. There was also the
possible redeployment of existing compensation water to produce increased
quantities for abstraction. This had been achieved recently in relation
to the compensation water provision from the Elan Valley reservoirs in
central Wales. He had even heard colleagues discussing over many years
the need or otherwise for the present compensation flow of Thames water
over Teddington Weir!

Concerning Mr Speed's final point about a more flexible attitude to
'hands off flows' immediately before and after regulation, he certainly
had sympathy with this particular viewpoint. He also agreed that
regulation schemes were now expensive in terms of energy costs but when
considered in relation to the increased yields made available by regulation,
he felt regulation losses of around 10% were, on balance, s t i l l an acceptable
evi l .

He was certainly not being derogatory when referring in his paper to
weather radar and Mr Clarke had rightly drawn attention to the considerable
extent of the work already done during the past seven years to change the
industry's thinking with regard to water losses. However, he was also
aware that in 1981 in some divisions of water authorities i t was a regrettable
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fact that even less effort was now being made in practical terms to detect
and reduce water losses than had been the practive before the reorganization
of the water industry of England and Wales in 1974. He thought i t was
l ikely that this situation also prevailed in Scotland.

Mr Roberts had referred to the replacement cost of source works which
he had quoted in the paper at £200,000 per tcmd of y ie ld. He had been
interested that this figure had not been questioned at the symposium and
agreed with Mr Roberts that i f an appropriate figure could be determined
in respect of distribution works savings i t would enable waste expenditure
to be equated to an overall cost benefit. He suggested that the figure
for distribution works would vary from undertaking to undertaking but he
hoped co l l eges in the industry would make data available in the future.
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2. UNDERSTANDING UNACCOUNTED-FOR WATER

By D.B. Field, BSc, MInstP*, and Dr. E.A. Spencer, BSc, FIMechE0

The unaccounted-for water (UFW) formula has been
used for a variety of purposes. The paper examines
the uncertainties associated with each term in the
formula and combines these to determine the
overall uncertainty in the figures for UFW derived.
It is shown that the overall uncertainty is so
large as to make the figures impractical for any
use other than broad planning decisions. The
paper gives examples, highlights the additional
problems that arise from the use of percentage
figures and outlines an improved method for
estimating (UFW) from night flow rates.

1. INTRODUCTION

The phrase "unaccounted-for water1 has been introduced into the
terminology of the water industry. It is defined as that
amount of water which is the difference between the total amount
put into a supply and distribution system and the water which can
be accounted for. The use of this term, unaccounted-for water
(UFW), as given, by the so-called unaccounted-for formula, and
the values obtained, have probably caused more friction between
operational engineers and planners in the water industry than any
other topic. This paper discusses the constituent components
from which 'unaccounted-for water1 may be derived, and the
problems of interpreting the results obtained. It suggests ways
in which the objectives for which the term has been developed
could be achieved more reliably.

2. UNACCOUNTED-FOR WATER FORMULA

The term 'unaccounted-for water' (U) is given by the equation:-

U = S - (M + aP)

where S = total water put into the supply system

M = total metered consumption

a = unmetered per capita consumption

P = population

• Manager, Water Mains Group, Water Research Centre, Swindon.
° Business Manager, Fluids Business Centres, National Eng. Lab.
East Kilbride.
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As it stands the formula is perfectly correct: ie
unaccounted-for water equals the difference between the total
amount of water put into the system and the water taken out which
can be accounted for. The main problems arise from the fact that
a large proportion of the water put into the system is not
subsequently metered and so must be estimated and secondly there
can be large uncertainties also in the values obtained for S and
M. The former applies to virtually all domestic consumption and
to the non-metered trade and commercial uses which is quantified
as 'a' in the formula. The latter gives rise to uncertainty on
differences between large numbers and the resulting figures can
be notoriously erratic.

2.1 Total Quantity of Water Supplied

The total quantity of water supplied is the sum of all the
inputs to the system. These may be from bore holes, treatment
plants or supply reservoirs. Also if bulk supplies, which may
not be regular, are taken from a neighbouring water undertaking
during the accounting period they must be noted and added to the
total.

It is clear that for the results to be meaningful the
period over which the accounting is undertaken must be the same
for all the terms in the formula. Thus, if S is taken from a
measurement on a given day all the other factors in the formula
should relate to that same day; if for a month then the
accounting should all relate to precisely the same 28 days.
Input flow data will usually be available on a daily basis and
consequently can be calculated over any desired accounting
period. It will be seen later that this is not true for the
other terms.

The flowmeters used for measurement of source inputs into
the chosen system are usually of various types and sizes.
Table 1 shows the results of a questionnaire regarding meter
size and type which was circulated in 1978.

TABLE 1 - Number, Size and Type of Source Meter

Meter Type

Venturi

Dall Tube

Magnetic

Helix

Others

3"-6"

154

73

22

785

190

7»-12

557

284

40

348

174

Number of

13"-24

365

223

25

32

94

Meters

>24"

173

55

32

11

2C
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It can be seen that the large meters tend tc be of the
differential pressure type whereas the smaller ones are
mechanical. From the figures given it can be estimated that
about three-quarters of the total quantity of water measured is
by differential type flowmeters. Table 2 shows results on the
same questionnaire regarding bulk and district meters. It should
be noted that some of the latter meters will be used for the
determination of term S.

TABLE 2 - Number, Size and Type of Bulk and District Meters

Meter Type

Venturi

Dall Tube

Magnetic

Helix

Others

3"-6"

56

53

54

4538

570

Number

7"-12"

166

149

15

590

90

of Meters

13"-24"

135

72

22

31

29

>24"

76

30

13

27

30

Provided that all flows into a supply and distribution
system are measured the inaccuracies in the term S will result
from errors associated with the meters used. Clearly if there
are known incoming supplies which are not measured some estimate
of their amount and the associated uncertainties must be made.
On the other hand if there is leakage into the system its
presence is likely to remain undetected. Indeed it may only be
discovered if it comes from an adjoining system where a loss has
been established.

TABLE 3 - Uncertainties in Measurements obtained with Various
Types of Flowmeter

Diff Press Electro/ Mechanical Other
devices Magnetic Types Source

Meters

Accuracy when new ±1.5%

Effects of installation 2

Age effects 4

Effects of integrators 2-5

1%

2

1

0.5

27.
1

2

±2%

2

2

1

Estimatesof the uncertainties associated with these various
meters are given in Table 3. If the flowmeter has been
calibrated on site then the estimate for the first two sources
of uncertainty can be taken to be the uncertainty associated
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with the calibration method. Also it is assumed for the Table
that the meters are operating within their design flow range and
are installed and used with due regard to the manufacturers
recommendations or the requirements laid down in the specification
standards. It has to be remembered that the tendendy to put in
flowmeters for a maximum demand which does not materialize can
mean that the actual flows are low and hence the uncertainties
in these measurements will be greatly increased.

It also has to be realized that very often flowmeters are
incorporated either at a later date or at such a stage in the
system design that the measurements obtained can be extremely
unreliable. In such instances errors of up to 30 per cent or
more could easily occur. Similarly if a sound maintenance
schedule is not followed then meter inaccuracies or even complete
failures can occur without the user being aware that a problem
has arisen.

Taking all the effects referred to above and in the table
into account the overall uncertainty in the term S is likely
to be between ±3 and ±10 per cent, the former figure referring
to a system which is well thought out and well run.

Higher accuracies could be achieved but would be expensive
to maintain and in the light of the other uncertainties referred
to later would not be justified solely for the purpose of
obtaining estimates of unaccounted-for water.

2.2 Total Metered Consumption

The term M includes all metered consumption. This will
include bulk amounts supplied to neighbouring authorities as
well as industrial, commercial and other measured supplies. In
practice it will be the term M which dictates the accounting
period. This may be quarterly, half-yearly, or annual; any
lesser period will necessitate a special survey being made.

Meters will normally be read four times per year although
users of large quantities of water may have their meters read'
more frequently. The accounting period for each customer varies
because meter reading is usually arranged to take place over a
three month period. Consequently some consumers could start
their accounting year in January, others in February and still
others in March. The errors that staggered meter reading
introduces will tend to even out if an annual accounting period
is chosen, although they will not all relate to the same year.
However large errors could be introduced if shorter accounting
periods are used, particularly in areas of varying seasonal
demand.

The meters used for consumption measurement are usually
mechanical and of the rotary piston or helical vane type. The
accuracies claimed by the manufacturers are very similar and so
the uncertainties to be associated with the measured consumption
recorded by the meters when new change little with the different
types. They normally fall within the ±2 per cent band if
operating above their nominal flowrate while at flows down from
this level to their minimum flowrate the acceptable tolerance
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or uncertainty can increase to ±5 per cent. However their
performance does deteriorate with age and this will be aggravated
by the presence of debris in the water. The problems of ensuring
good installation conditions with recommended upstream and
downstream straight lengths of pipe to give swirl-free flow with
a reasonably well-developed velocity profile also applies here.
Many instances can be cited of placing flowmeters immediately
downstream of tortuous bends or after valves which may be partly
closed: they should not be allowed to occur.

If the number of metering points is large then the overall
uncertainty on M arising from the original accuracy and the meter
installation effects can be expected to be relatively small since
the positive and negative errors on individual flowmeters will
cancel each other. However it may be expected that there will be
a tendency for under-registration on low flows.

The overall uncertainty on M in a well-managed system may be
expected to lie between ±3 and ±6 per cent.

2.3 Non-Metered Consumption

This term, by definition, is not measured and must therefore
be estimated. As noted earlier the bulk of non-metered
consumption is made up of that required for domestic and un-
metered trade and commercial use. It is intended, however, that
it should include all water which is taken or used by some
deliberate action accepted by the water supply authority as a
recognized service. Consequently, uses such as fire-fighting,
mains flushing, building water, street cleansing, public toilets,
etc. should be included.

The usual way of obtaining an estimate of this total
quantity is to obtain a figure for the average per capita
domestic demand, based on measurements made in a sample of houses,
and to add to it an allowance for trade and commercial use
divided by an estimate of the population. Very often no attempt
is made to carry out a local study to establish these figures:
instead estimates from publicatons, other areas, etc. are used.

The difficulties of obtaining acceptable figures are
obvious and need little amplification. However, a few of the
more important points are listed below:

a The allowance for non-metered trade and commercial use,
although perhaps inferred from the results of similar
meterod consumers in or outside the area, is little more
than a guess.

b Population figures are difficult to obtain except from
the ten-year census. If the accounting period is to be
a year then the population figure required is the annual
average population for that particular year and the
stability of the population in the area must be checked.
Even then the problem of estimating a realistic
population becomes even more difficult in areas with
large numbers of commutors or areas with large seasonal
changes in population such as holiday resorts or tourist
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areas. If the accounting period is shorter than a year
then clearly the uncertainty in these estimates will be
very high.

c Research has shown that UK type plumbing systems tend
to cause low rates of flow which may not be measured by
a flow meter. Figures are between 4 per cent and 16 per
cent under-registration have been measured for typical
domestic use sequences. The measurement of domestic use
based on a sample of measurements may therefore be biased
low.

d Even when a local study is made the sample of consumers
measured is unlikely to be truly representative of the
entire communicty. Also a consumer- conscious of having
his supply metered may economise on the water he uses so
that the figure obtained is an underestimate.

The overall accuracy of the estimate of non-metered
consumption as given by the product aP clearly cannot be
determined. To enable an assessment to be made of the whole
formula, however, let it be assumed that with care it is possible
to determine per capita consumption, plus allowances for trade
used, to an accuracy of between ±8 and ±15 per cent. Similarly
let it be assumed that it is possible to determine the population
to within an accuracy of ±5 per cent. The overall uncertainty on
the product aP is then given by

lower estimate

upper estimate y/52 + 152 = 16%

on the general statistical basis that the square-root of the sum
of the squares of the individual contributions has a high
probability of being nearer the truth in a large number of sets
of measurements than the direct sum of the contributions. In
practice when dealing with just one particular set the overall
uncertainty could be up to ±13 per cent on th basis of the
former and ±20 per cent for the lattter. It seems reasonable to
take a figure of +12 per cent for the purposes of this study.

3. ACCURACY OF WATER UNACCOUNTED FOR (U)

In order to determine the effects of these combined
uncertainties on the term U it is necessary to use actual figures
for each factor. Thus if the uncertainties on the various terms
are expressed as percentages (dS, dM etc.) the actual amounts
must be calculated to determine the uncertaintyAU on U.

= [(S.dS)2 + (M dM) 2 + (aP.d aP) 2]*

To see the results of such estimates six hypothetical towns,
based on real supply systems, have been defined in Appendix 1.
For simplicity, it is assumed in the following analysis that the
uncertainties associated with the measurement of each term are
normally distributed around zero although in practice some of
these could be biased to one side.
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TABLE 4 - Uncertainty in Unaccounted for Water

Town Uncertainty in U (X)

A 37

B 53

C 30

D 32

E 65

F 35

It can be seen from the above table that the overall error
in the Unaccounted-for water as calculated by the formula is
likely to be high and is as much as 65 per cent in the examples
given above.

4. PURPOSE OF DETERMINING WATER UNACCOUNTED FOR

It can be deduced from examining the above sources of
uncertainty that the major contributor in a system where metering
has been given care and attention, is the uncertainty on aP.
However the importance of this overall uncertainty will depend on
the reasons why the determination of unaccounted-for water is
being made.

Three primary reasons for wanting to determine unaccounted-
for water are generally given. These are:

a The planning and design of future sources or extensions
to the distribution system.

b Using the figures to obtain performance criteria for
comparing one division, company or authority with another.

c Estimating leakage for the determination of a leakage
control policy or for monitoring overall performance of
a chosen leakage control method.

For the first of these, the errors associated with (U) may
be quite acceptable when compared with other uncertainties
associated with long term planning decisions. There is then
merit in separating out metered consumption, non-metered
consumption and unaccounted for water and making various
assumptions about the ways in which these may change in the
future. The spread of the likely demand can be gauged and
presented properly in relation to all the other factors. For
short term planning purposes, where the other estimates may be
more accurate, the figures obtained from the formula will have to
be used with much more caution unless additional studies have been
made to give much greater assurance.
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Using unaccounted-for water figures as a basis for comparing
performance (the second reason given above) can be quite mis-
leading. The danger of making wrong conclusions has been
compounded by the tendency to express these figures as a
percentage of total supplies. In Appendix 1 a series of results
are obtained on the basis of the examples given in the Appendix.
Neglecting for this purpose the uncertainties on each of the
estimates of the various figures given for the six towns it will
be seen that differences in the actual amounts of unaccounted-
for water of zero to 100 per cent can be falsely presented as the
same (both Town A and Town F are shown to have around 11 per cent
more unaccounted-for water than Town B and Town E whereas the
first two actually have the same and the second two differ by
2:1). Many such examples could be instanced but the important
conclusion must be that simple comparisons are worthless.

The third reason above relates to leakage and indeed makes
the assumption that unaccounted-for water is synonomous with
leakage. This figure is then used as a basis for determining
future leakage control policy and subsequently monitoring
performance of the chosen leakage control method. In the
authors opinion the only situations in which it it could be used
for such purposes are, for example, in small isolated zones where
meters have been calibrated. In general where such an estimate
of leakage is required the method outlined in reference 1 based
on the measurement of night flow rates is to be recommended. An
outline of this method is given in Appendix 2.

. 5. CONCLUSIONS

The combination of the individual uncertainties associated with
each term in the unaccounted-for water formula generally results
in the overall uncertainty in the term U being so great as to
render the term meaningless except perhaps for long term planning
use. Clearly it is essential if the formula is used that a
realistic assessment should have been made of the uncertainties
associated with the particular system and the overall uncertainty
must be presented with the value of U on all occasions.

Expressing unaccounted-for water, or leakage as a percentage
of the total water supplied and comparing the percentages for
different systems only adds to the confusion since it has been
shown that such percentages can be absurdly misleading. If
comparisons are to be made then the quantity of unaccounted-for
water per property may be the most meaningful but even here it is
still wise to examine very carefully if the figures are truly
comparable.

The assumption that unaccounted-for water obtained from the
formula is leakage is clearly not valid when the uncertainties
associated with the constituent terms are often of the same order
as the resulting U. Consequently figures for U obtained from the
formula should not be used for the determination of a leakage
control policy nor for the monitoring of the performance of a
chosen leakage control method unless special efforts have been
made to reduce the uncertainties to below the level where they
would have a significant effect on the decision.
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If an accounting period of less than a year is being
assessed then great care is required to relate the constituent
terms to the period under review and an additional source of
uncertainty must be estimated to take the variations into account.

Though not without i ts own problems, the use of the modified
formula based on the measurement of night flow rates can be
expected to lead to a more reliable figure for the purpose of
leakage control. The requirement to assess the uncertainties
associated with the various terms in this modified formula and
hence the overall uncertainty on the value of leakage obtained
remains equally mandatory. Such measurements are to be
encouraged for the data bank on this subject is s t i l l very
inadequate while its importance as the need for reducing waste
rises is clearly considerable.
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APPENDIX 1

Set out below (Table 5) are six hypothetical towns based on real
supply systems. For the purpose of example it has been assumed
that all of the terms listed are known accurately. All units are
mega litres (Ml) and represent daily quantities.

TABLE 5 - Example Supply Systems

Town

A

B

C

D

E

F

Total
Supply
(S)

30

50

21

21

47

54

Metered
Con
(M)

5

25

25

4.5

15

15

Non-Metered

(aP)

17

17

8

10.5

25

25

Unaccounted Number
of

(U) properties

8

8

6

6

7

14

136,000

136,100

84,000

84 ,000

203,000

203,000

From the text of this paper it has been deduced that the
uncertainties associated with each term in the unaccounted for
formula are likely, in a well planned and controlled system, to be
within the range shown in Table 6.

TABLE 6 - Uncertainty Associated with each Term in the Formula

Term Uncertainty Range (%) Mid Point (%)

S 3-10 7

M 3-6 5

aP 9-16 12

For the purpose of example the mid-point uncertainties in
Table 6 are used for calculation.

In order to determine the effects of these combined
uncertainties on the term U it is necessary to use actual figures
for each factor. Thus if the uncertainties on the various terms
are expressed as percentages (dS, dM, etc.) the actual amounts
must be calculated to determine the uncertainty AU on U.

AU = [(S.dS)- + (U.dM)- + (aP. daP)-]*

For simplicity, it is assumed in the following analysis that
the uncertainties associated with the measurement of each term
are normally distributed around zero although in practice some of
these could be biased to one side.
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Town A

AU = ( 3 0 x 0 . 0 7 ) 2 + ( 5 x 0 . 5 ) 2 + ( 1 7 X 0 . 1 2 ) 2 ) *

AU = 2 . 9 4

U n c e r t a i n t y i n u = ±37%

Town B

AU = ( ( 5 0 x 0 . 0 7 ) 2 + ( 2 5 x 0 . 0 5 ) 2 + ( 1 7 x 0 . 1 2 ) 2 ) *

A u = 4 . 2 4

U n c e r t a i n t y i n U = ±53%

Town C

AU = ( ( 2 1 x 0 . 0 7 ) 2 + ( 7 x 0 . 0 5 ) 2 + ( 8 x 0 . 1 2 ) 2 ) *

AU = 1 . 7 9

U n c e r t a i n t y i n U = ±30%

Town D

AU = ( ( 2 1 x 0 . 0 7 ) 2 + ( 4 . 5 x 0 . 0 5 ) 2 + ( 1 0 . 5 x 0 . 1 2 ) 2 ) *

AU = 1 . 9 5

U n c e r t a i n t y i n U = ±32%

Town E

AU = ( ( 4 7 x 0 . 0 7 ) 2 ( 1 5 x 0 . 0 5 ) 2 + ( 2 5 x 0 . 1 2 ) 2 ) *

A U = 4 . 5 2

Uncertainty in U = ±65%

Town F

Au = ((54 x 0.07)2 + (15 x 0.05)2 + (25 x 0.12)2)*

AU = 4.88

Uncertainty in U = ±35%

In the analysis given above the uncertainties in the term U
lie between 30% and 65%.
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EXPRESSION OF UNACCOUNTED FOR WATER
AS A PERCENTAGE OF TOTAL SUPPLY

The problems of expressing unaccounted-for water as a percentage
of total supply are best illustrated by examples. For these
examples the hypothetical supply systems listed above are used.

Towns A and B are identical in every respect except that B
has an additional industrial estate close to the treatment works.
Expressing unaccounted-for water as a percentage of total supply
reveals:-

Town A 26.7%

Town B 16%

The inference is that unaccounted-for water is 10 per cent
higher in A,but in fact the two are identical. At first sight,
expressing leakage as a percentage of non-metered water supplied,
i.e. as a percentage of S-M, would appear to solve the problem.
However, towns C and D are also identical in every respect except
that C offers a metering option to all consumers and as a result
metered consumption is higher and hence non-metered lower.

Expressing unaccounted-for water as a percentage of non-
metered water supplied, in this case results in:-

Town C 42.9%

Town D 36.4%

In this example it appears that offering the meter option in
Town C has increased the unaccounted-for water by 6.3 per cent,
but again the two are identical. Expressing unaccounted-for
water as a percentage of non-metered water supplied is not
therefore the answer.

There is another danger in expressing unaccounted-for water
or indeed for that matter leakage as a percentage in that it .
does not accurately reflect changes in that quantity. In the
example below towns E and F are identical in every way except that
E has a policy of active leakage control whereas town F has a
policy of passive leakage control. Consequently let it be
postulated that unaccounted-for water, which includes leakage,
is twice the figure in F that it is in E. Expressing these as a
percentage produces:-

Town E 14.9%

Town F 25.9%

Whilst unaccounted-for water is actually 100 per cent higher
in town F than E the percentage figures suggest that it is only
11 per cent higher.

It is clear from the foregoing that expressing unaccounted-
for water or leakage as a percentage of total supply or non-
metered water supplied reveals very little about the relative
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magnitudes of these figures nor does it actually accurately
reflect change. The only simple method of expression, although
not entirely without its problems, of which the authors are aware
is to present the figures as a quantity of water per property.
The results of doing this are shown in Table 7 .

TABLE 7

TOWN A B C D E F

No of properties 136000 136100 84000 84000 203000 203000

% UFW 26.7 16.0 42.9 36.4 14.9 25.9

UFW/property 58.8 58.8 71.4 71.4 34.5 68.9
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APPENDIX 2

An Improved Method for Estimating Leakage

When the objective of assessing unaccounted for water is to
obtain an estimation of leakage, a better estimate can be
obtained by using the modified formula based on night flow rates.

The formula becomes:-

U1 = S1 - (M' + a'n1)

where

S' = sum of all minimum night flow rates into the system
M1 = total night flow rates of all trade and commercial users
a' = average domestic night flow rates for domestic properties
n' = number of properties supplied
U1 = unaccounted for night flow rate

The magnitude of the terms in the modified formula are such
that small values,.- subject to certain errors, are subtracted from
relativly large values in order to obtain a large value. This
approach is therefore inherently more accurate than the standard
method.

In order to use the night flow rate formula it is necessary
to perform a direct measurement on a chosen night. This consists
of measuring night flow rates from all sources and service
reservoirs and direct measurement of consumers who take water at
high flow rates at night. Details of the measurements are given
in reference 1.

When measurements of S1 are made, as many sources as
possible should be turned off (provided the pressure on the
system is not radically changed) so as to minimise the number of
measurements to be made, and increase the flow rate at the
remaining sources. In some cases measurement of rate of fall of
reservoir level can be used as a measure of flow rate. For the
purpose of example it is assumed that the measurement of S' is
less accurate than the measurement of S and the overall
uncertainty is ±10%.

M' is an estimate of the total night flow rate into
industrial and commercial premises, regardless of whether they
are metered. It is obtained from sample measurements of
different types of significant users and by estimate (or guess-
work) for small users and direct measurement of large users. In
this example it is assumed that the overall uncertainty in the
term M' is ±50%.

A' is obtained by sample measurement and is typically less
than 21/props/hr. For this example it is assumed that the
overall error in the product A'M1 is ±100%.

U1 is the unaccounted for night flow rate. However, since
most legitimate use if included in either U1 or A', it is much
closer to leakage than is U.

2.14



IWES: AN UNDERSTANDING OF WATER LOSSES

In order to assess the overall uncertainty in the term U1

two of the hypothetical towns are used as example, the figures are
set out below. For simplicity the units are (flow rate) Ml/day.

H1 a'n1 U1Town

A

B

Using the same method for calculation as used in Appendix 1
we have:-

8.
10

1 0
2

.6

.5
0
0

. 3

.3
7
7

.2

.2

i
Town A

U = ((8.1 x O.I)2 + (0.6 x 0.5)2 + (0.3 x 1.0)2)

U = 0.91

Uncertainty in U1 = ±8%

Town B

U = ((10 x 0.1)2 + (2.5 x 0.5)2 + (0.3 x 1.0)2)*

U = 1.63

Uncertainty in U1 = ±23%

It can be seen from the above analysis that using night flow
rates in the modified unaccounted for formula gives significantly
better estimates than those obtained using integrated quantities.

For certain applications it will be necessary to convert
the night flow rate U' into a daily quantity. Where this is
required allowances should be made for the effects of pressure on
night flow rate. A method for doing this is outlined in ref 1.

DISCUSSION

Authors' introduction

In their introduction the authors said that the purpose of their paper was to
demonstrate how the comparatively small uncertainties associated with each
term in the unaccounted for water formula could combine to produce a relatively
large overall uncertainty in the term U. Each term in the formula was
discussed in turn and the causes of uncertainties examined. These were then
combined, using a number of examples, to assess the overall uncertainty in
the term U.

The authors said that the best way of showing the results was by
pictorial representation, as in Figs 1 and 2. In these figures the height
of each bar represented the magnitude of the term and the shaded portion on
top of each bar represented the uncertainty associated with that term. The
figures showed the fundamental difficulty of using the UFW formula and that
arose because generally large terms, subject to certain errors, were being
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subtracted to obtain a relat ively small one. Under these circumstances the
overall uncertainty in the term 'U' would generally be high.

Figures 3 and 4 showed results for the same two towns, but this time
based on night flow rates. Here the situation was entirely different in
that smal1 quantit ies, subject to certain uncertainties, were subtracted
from a relatively large quantity to obtain a large quantity. The percentage
uncertainty of each term was greater but the overall uncertainty in 'U' was
very much less.

The authors then discussed the problems that could arise from expressing
UFW, or leakage as a percentage of total supply. Using examples from
Appendix 1 of their paper, they showed how an apparent difference of 11% UFW,
towns A and B, actually corresponded to zero difference in the quantity of
water unaccounted for, whereas an apparent difference of 11% UFW, towns E
and F, corresponded to an actual difference of 100% in the quantity of
water unaccounted.

In concluding, the authors said that the main objective of their paper
was to demonstrate the dangers of indiscriminate use of the UFW formula.
They recommended that engineers using the formula undertook the same type
of analysis, as described in their paper, to ensure that the overall
uncertainty in the term 'U' was suf f ic ient ly small to meet their particular
requirements.

Discussion

L.R. BAYS (Bristol Waterworks Company) congratulated the authors most
sincerely on the courage shown in producing this excellent paper.

For many years when water engineers were asked 'How much waste have you'
the answer was 'Well we don't really know but the night l ine is 25% say (as
an under estimate) of the net consumption but that i sn ' t a l l waste'. They
generally settled for a figure of 15% as that seemed to be acceptable on a l l
o f f i c ia l forms when applying for finance. This very vexed question on waste
remained unanswered unt i l they changed the jargon and started talking about
'unaccounted for water' and produced a new formula as the answer to their
prayers. Having just become accustomed to the use of this formula the
authors had the temerity in such a short space of time to destroy i t .

The presentation in Appendix 1 highlighted the variations in results
that could be obtained and showed that comparisons were pointless. However,
odious comparisons of results would be made and erroneous conclusions drawn
on the efficiency of authorit ies, divisions, companies etc. by those who
sought to do so on the basis of such results. In the eyes of the layman
unaccounted for water meant waste and by using such a formula the percentages
were invariably higher than the old percentage night l ines. He asked,
therefore, i f the authors were proposing the abandonment of calculations of
unaccounted for water or were they suggesting that they should be continued
with a l l the inherent disadvantages?

Turning to Appendix 2 of the paper a new formula was suggested, but
surely the pract ical i ty of the method was limited to small areas of supply
by the very nature of the calculation. The mere fact of selecting a
particular night for this exercise was l imi t ing in i t se l f and with increasing
use of night pumping for energy conservation coupled with the d i f f i cu l t ies of
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e i t h e r shu t t i ng o f f metered consumers or i n reading many meters s imul taneously
in t roduced e r ro r s except i n small area exerc ises . As an a l t e r n a t i v e he
suggested a poss ib le method which helped reduce waste as was used i n the
B r i s t o l Company a t the moment. This invo lved the formula

K = S - (M+NL)

where K = demand index i n 1 /head/day

S = t o t a l zonal i npu t

M = known metered t rade

NL = net n i g h t l i n e o f WWM d i s t r i c t s i n zone

P = popu la t ion o f zone

The method was based on a d i s t r i b u t i o n system where supply zones and
sub zones inputs and outputs were metered and a waste water meter d i s t r i c t
network e x i s t e d w i t h i n a zone. Quar te r l y metered t rade f i g u r e s were used
together with night line figures averaged for the quarter. I t was realised,
of course, that errors and inaccuracies existed but despite this they had
proved extremely useful for comparison purposes and a high degree of success
had been achieved by their use. This value for K must not be confused with
the normal per capita demand as by using the formula i t was obvious that
some of the consumption S was included as the night l ine. However, from
a high number of zones and sub zones used i t was apparent that a tight zone
yielded figures for K of between 80-100 1 /head/day. Higher or lower
figures than this indicated the need for some investigation in a particular
zone or subzone.

The reasons for high figures encountered had so far fallen into one or
other of the following categories:

(i) trunk main or leading main leakage
(were not on waste water meters)

( i i ) reservoir overflow or leakage

( i i i ) meter errors

(iv) incorrect zone isolations
(usually associated with low figure in adjacent zone)

(v) insufficient knowledge of unmetered trade or
commercial use.

Whichever system was used he fe l t that i t showed that no one formula
such as "unaccounted for water" should be used for so many purposes.
However, any formula drew attention to the subject of meter accuracies.
Would the authors advocate a common meter exchange policy across the
country? I f so, should this be on failure or suspected error, or on a
pre-planned basis? Was there a significant difference between the
performances of:
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( i ) new meters?

( i i ) meters repaired by manufacturers?

( i i i ) meters repaired in house?

I f comparisons were to be made on performances then this sort of
information needed to be col lated so that better base standards could be
used in s ta t i s t i ca l information.

A.C. TWORT (Binnie & Partners) said he was concerned with the over-simpl ic i ty
of the equation U = S - {M + aP) in which there was not a proper d is t inct ion
between d is t r ibut ion losses and consumer wastage. This led to erroneous
comparisons between data from d i f ferent undertakings in d i f ferent parts of
the world. Three principal types of undertakings could be distinguished.
F i rs t , there were those undertakings ( in the USA for example) where domestic
metering was reasonably e f f i c i e n t : consequently the i r reported unaccounted
for water comprised largely d is t r ibu t ion losses. Secondly, there were
those many undertakings overseas where the principal purpose of metering was
to fr ighten people into keeping the i r consumptions low, so that the accuracy
and ef f ic iency of metering took second p r i o r i t y and was often low. In
these undertakings unaccounted for water comprised d is t r ibu t ion losses,
substantial meter under-recordings and misreadings, i l l i c i t supplies, and
consumer wastage of a l l types. Third ly, there was the UK and jus t a few
other places where domestic supplies were not metered so that unaccounted
for water comprised d is t r ibu t ion losses, consumer wastage, some amount of
unmetered trade consumption, and v i r t ua l l y no meter under-recordings or
misreadings save basic metering errors which were common to a l l three types
of undertaking.

The confused comparisons ar is ing f i r s t resulted in an under-estimation
of d is t r ibut ion losses and consumer wastage for many years in the UK, and
then l a t t e r l y had led to an over-estimation. This was because the value 'a '
in the formula above had been influenced too much by the results obtained
from special investigations. The value suggested for 'a ' had been l lO lcd.
Of course, i t was admittedly a mean f igure for a l l classes of domestic
consumers; but such a low value as l lOlcd tended to be about the lowest
found in special f i e l d invest igat ions, where people had known they had
been under observation, and had consequently been 'on the i r best behaviour'.
The figures derived from Malvern and Mansfield also tended to be non-typical ,
since those towns were not modern and one noticed, for instance, such things
as the low incidence of automatic washing machines there.

I f f i e l d tests on a larger scale were taken over diverse waterworks
there was evidence that , in every class of consumers, there were a proportion
who took more than double the average of the rest . In small samples there
was a tendency not to believe such high consumptions on the basis that they
must represent some error of measurement or some leakage on the premises
that had not been noticed, and they were therefore excluded from assessing
the mean. But the evidence mounted that this, is not so. Figure 5 showed
typical results obtained in eight sets of careful investigations. At
Istanbul there was no doubt as to the va l i d i t y of the readings, since tested
meters were used and no houses with obvious signs of leakage and wastage
were included. The data for Egypt could also be quoted with a reasonable
degree of confidence. These showed that a percentage of consumers, for
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one reason or another, did actually take and use more than twice the average
taken by the rest. There were two principal reasons: in some households
the majority of the residents were at home all day; and (a separate
phenomenon) some people simply had the habit of using water more liberally
than the majority.

Such 'real' figures of consumption, in the sense that they represented
what actually happened reflected the real domestic demand a water authority
would be obliged to meet. A water undertaking would not be able to curb
the 'high' consumers; nor could it do much more than ensure that obvious
signs of overflow or leakage from premises were stopped. A certain amount
of unavoidable consumer wastage must be allowed for, or water undertakings
would be set chasing targets that were unrealistic and uneconomic of
achievement. For in-house mean domestic demand in UK, with a substantial
proportion of relatively new housing, or old housing renovated to modern
standards, Mr Twort felt that the figure should run something over llOldc;
probably nearer 120 to 1251 cd, when unavoidable consumer wastage was
included.

The figure would, of course, vary slightly from city to city according
to the proportions of old and new properties. What should be added to
this for 'unmetered trade' supplies in UK was a problem special to UK on
which more test data were required, but the WRC estimate of an additional
201cd seemed high.

Hence the formula would better read:

U = S - /'M + (a + u)P?

where u = unavoidable consumer wastage.

And U itself should then be broken down into:

U = estimated distribution losses + consumer wastage

where the estimated distribution losses should include estimated
leakage from service pipe tappings to mains.

R.H. MORGAN (Rickmansworth and Uxbridge Valley Water Company) noted that
over the years many methods had been used to try to measure levels of waste;
the first figures were probably based more on what was believed to be
acceptable than on any scientific measurement. The unaccounted for water
formula undoubtedly brought an air of respectability to the calculations and
had the advantage that it was indisputably correct. However, the estimating
of unmetered per capita consumptions together with the potential errors in
the more directly measured items could lead to massive inaccuracies in the
'unaccounted for water', a point well illustrated in the paper. Even when
the modified formula was applied to night flows the errors could be large
due to the assumptions required.

Great emphasis had been placed on assessing absolute values for waste
so that comparisons could be made; quoted figures generally took little
account of the inherent differences that existed between areas. Absolute
measurement of waste had very limited use other than for determining and
checking policy on waste detection. For regular monitoring purposes relative
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values were much more important and success should be measured in terms of
improvement within an area rather than by comparison between areas. There
were always those who insisted on having statist ics regardless of how useless
they were and there was therefore a need to improve accuracy. In theory
at least, universal metering should help although the range of figures quoted
in Mr Pocock's paper (from 3% to 30% unaccounted for water in countries having
universal metering) perhaps gave rise to some doubt. With increasing use of
telemetry and improving techniques of data collection in future i t should be
possible to obtain a very much better picture of the characteristics of
distribution systems, and perhaps more meaningful stat ist ics on waste.

R.H. SMITH (Northumbrian Water Authority) commented on the accuracy of meters.
He had been reminded of his earl ier days when he was more frequently in
contact with the ironmongery of the service. On one occasion, investigation
of doubtful readings from a 6in venturi meter had revealed a 4in diameter
stone in i ts throat.

In his Authority the problem of calibration of source meters was being
tackled by salt di lution gauging. A review of the hydrometric scheme
developed by the former River Authority had resulted in a reduced workload
for the Hydrometric Field Offices whose duties included operation and
maintenance of the rainfal l and streamflow gauging stations. The resulting
gap in their work programme had been f i l l ed by their being given the task
of calibrating a total of 50 source and principal distribution meters. The
expertise of these officers in hydrometrics f i t ted them well for this work.
At the f i r s t location dealt with, a water treatment plant, the existence of
a clear water tank had enabled the results to be checked against the
volumetric measure calculated from the fa l l in water surface in level in the
tank. The dilution gauging was within 1% of the volumetric measure but the
Dall tube had been reading 8% high. Mr Smith said that the regular ca l i -
bration of large meters had not been given adequate consideration by many
engineers; large source and distribution meters were a most important
element in water supply systems and knowledge of their accuracy was essential
for the proper application of the formula.

N.H. GIMSON (North West Water Authority) said that he was surprised that
although the authors of this paper and others in the symposium were rightly
concerned to point out the high level of inaccuracy of estimates of water
losses, they made no crit icism of the very low level of accuracy of many
traditional types of meters, even though that was the main cause of current
stat ist ical d i f f i cu l ty . The industry had not been active enough in
emphasising the need for the development of better metering devices,
particularly for large quantities on major trunk mains where the volume
represented by a 5% or 10% inaccuracy could be very high. In Mr Gimson's
opinion the industry had also not paid sufficient attention to the
maintenance of major meters of the differential pressure type which tended to
be 'out of sight out of mind' and malfunctioning more frequently than they
should.

There had been particular d i f f i cu l ty on a major non-potable network
incorporating a number of meters of different types and sizes. Heavy
losses were suspected, but were d i f f i cu l t to prove, as i t was rarely
possible to get a l l meters working satisfactori ly at any one time, the
presence of suspended solids no doubt making breakdowns even more frequent
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than usual. The advent of magnetic flow meters had been thought of as the
solution, but although a significant number of these had been installed
there continued to be problems with breakdowns. Hopes were now resting
on the possibil ity of ultra-sonic metering. I t seemed that manufacturers
and the Water Research Centre as well as the purchasers and users of large
volume metering equipment should be cr i t ic ised for the low level of
technology in this f ie ld .

On the subject of smaller consumers' meters i t was surprising to hear
that positive rotary meters required swirl free flows for accuracy and he
wondered how many 'option' meters were currently being installed in
domestic premises in a manner which the authors had stated would lead to
increased inaccuracy. This seemed to be another area where ignorance
needed to be dispelled i f the accuracy of estimates of water loss were to
be improved, to say nothing of the need to get domestic water b i l l s correct.

R.A. PEPPER (Sunderland and South Shields Water Company) referred to the
unaccounted for water formula and to the comments and criticisms which had
been made about i t . The authors had restated that the formula was perfectly
correct, but there was no doubt that i ts application had attracted adverse
attention. In Mr Pepper's view the cri t icism lay, however, not with the
simple formula i t se l f but with the interpretation of the results obtained
from i t . He drew attention to the origin of the formula. I t had f i r s t
appeared as Appendix B in the First Report issued by the Technical Working
Group on Waste of Water in September 1976. In that Appendix the many
elements of water usage and loss included within the formula were identi f ied,
and whilst i t was true that leakage remained the most significant element,
there were many others which warranted attention. Not least amongst these
was the basic one of adequacy and accuracy of metering at source works and
elsewhere within the distribution system. The traditional assessment of
water required'for domestic purposes per capita required cr i t ica l reappraisal.
Assumptions made in respect of unmetered non-domestic use required examination.
There were other 'unknowns' hidden within the formula.

Used as was originally intended in that First Report, the formula had
served the purpose of requiring water undertakings to re-examine many
hitherto unquestioned assumptions relating to the destination and use of
water put into a supply and distribution system. Until a l l elements
contributing to unaccounted for water were properly identif ied and examined
then a l l associated with the water industry should be alert to the d i f f icu l t ies
in applying the simplified formula and interpreting i ts results, and avoid
unwise comparisons.

The formula was, of course, completely independent of time; calculations
relating to intervals of one year, one month, one week, or one day might be
made with equal val id i ty , within the l imits of accuracy of the data available.
The authors' improved method for calculating leakage by using flow rates
measured at times of minimum night demand, was essentially the same formula
applied under specific conditions over a very short time scale such as was
l ikely to eliminate or minimise the effect of some of the unknown elements
of water usage from the results obtained. Some would prefer this approach.
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R.N. BENNETTS (South West Water Authority) asked how the results in Table 3
had been obtained; were they determined by the study of a sample population
of each meter type in the f i e l d , in the laboratory under simulated s i te
conditions, or from manufacturers' specifications? He assumed, from the
way in which the figures were presented, that the percentage inaccuracies
in the table were considered as being cumulative in both direct ions. Apart
from under-reading caused by low flow e f fec ts , mechanical meters in
part icular tended to 'slow down' with time, causing the uncertainties
associated with age effects to be biased in the negative d i rect ion.

In the Taw D is t r i c t of the South West Water Author i ty, covering mid
and north Devon and north Cornwall, aggressive waters from moorland and
agr icul tural catchments had over the years led to the precipi tat ion of
manganese, aluminium compounds, and iron in the mains, and consumer
complaints of discoloured water. A specia l is t a i r scouring vehicle and
crew had been set up and was flushing and scouring mains start ing at water
treatment works and working towards the worst affected areas; i t was hoped
that th is system would continue as part of regular planned maintenance
outside the colder winter months and the tour is t season. Consequently,
non-metered consumptions in affected areas would be s ign i f icant ly increased
when such work was in progress, and at these times i t would be necessary to
make an estimate of the quantit ies of water used. These estimated
quantit ies would need to be deducted from unaccounted for water to exclude
them from leakage calculat ions.

J.E. THACKRAY (Severn-Trent Water Authority) said that although he understood
the c r i t i c i sm of the UFW formula made by the authors, these were perhaps
taken too far when they said that 'the overall uncertainty is so large as .
to make the figures impractical for any use other than broad planning
decisions'. He would put the proposition the other way round and say that
in view of the cost and d i f f i c u l t y of obtaining and comparing nightl ines
for many s i tuat ions, the UFW and s imi lar formulae had an important role to
play in operational and monitoring work, provided they were applied in such
a way that consistency of results could be achieved over a period of time.
Results obtained from the UFW and simi lar formulae must, however, be used
with extreme caution in making comparison between areas as a basis for
broad planning decisions. As an obvious but important arithmetic truism,
leakage calculated by the UFW formula as 27% but with an accuracy of
one-third might in practice l i e anywhere between 18% and 36%. Therefore
to imply, as the Monopolies & Mergers Commission had done in their recent
study of one water authori ty and two companies, that a difference in
calculated leakage between two very d issimi lar areas of around 5% was
important evidence of better leakage management in one area than another,
was a highly suspect exercise. Nevertheless, i f the errors imp l i c i t in
the calculation of the 273! could be kept consistent over time for a
part icular area, then a change in the calculated leakage of 5% over a year
would be very s ign i f icant indeed fo r operational management, economic and
engineering analysis, and strategic planning.
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P.F. BULLOCK (Anglian Water Authority) wrote that a l l water authorities were
being subjected to pressure to find quick answers to the problem of
unaccounted for water. I t was incumbent upon them to respond to this
pressure with some urgency, but i t was also important that they avoided the
temptation to do the work in a superficial manner solely to provide a
cosmetic 'papering over1 the leaks for pol i t ica l purposes. I t was work
which must be done methodically and carefully i f leakage control policies
which were truly appropriate to the circumstances were to be established.

In the Anglian Water Authority a regional co-ordinator for the work,
had been seconded from other duties. A p i lo t study had been made in one
division so that the lessons learned could be applied across the region.
Early work during the study indicated that the inaccuracy of the source
works meters which measured the quantity of water being put into the
system could be of the same order of magnitude as the possible volume of
leakage. For this reason i t was decided to assess unaccounted for water
by measuring minimum night flows. This was being done by means of drop
tests on service reservoirs and water towers using punched tape water level
recorders which measured to an accuracy of one mill imetre. This work was
time consuming and needed careful advance planning but i t had a number of
additional benefits including an improved understanding by the locally
responsible staff of the way in which the distribution system operated.

Having decided to base the work on the measurement of minimum night
flows, i t was important to be able to identify legitimate night water use
insofar as this was possible. Consumers' meters which recorded large
quantities in each of the drop test zones were read during the period of
the test. A d i f f i cu l ty remained with smaller meters, in that the numbers
made individual readings impracticable yet the quantities passing through
them were probably not insignif icant. Night readings had been made on
325 such smaller meters selected to give a reasonable spread across the
various classes of metered water consumer. I t was found that the average
hourly rate of flow during the night for a l l meters included in the exercise
was 25% of the average hourly rate of flow throughout the year.

Application of the results of this sample meter reading to the 186 drop
test zones which had so far been measured, revealed an unaccounted for
water flow rate which varied from an average of 4J l i t res per property per
hour to an average of 10 l i t res per property per hour in the Authority's
seven water supply divisions. In the one area where the exercise had been
carried through to the determination of the leakage control policy no change
in total resources had been made. The way in which the waste inspectors
worked had been changed so that a greater proportion of their time was now
spent looking for leaks and a smaller proportion was spent reading waste
meters.

Most water authorities were now offering a meter option to consumers.
Polit ical pressure was being exerted to allow the instal lat ion of meters
within premises to minimise the instal lat ion cost. I f this was done much
of the advantage to the community of more widespread metering was lost
because leakage from underground supply pipes was not recorded. I t was
essential for some upper l imi t to be set to the length of underground
pipework not metered. Was this pol i t ical pressure the f i r s t step towards
water authorities becoming responsible for a l l underground pipework
including that for which consumers were at present responsible?
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The principal interest of consumers in work which was undertaken by water
authorities related to the effect on water charges. The introduction of
current cost accounting and financial targets encouraged authorities to incur
capital expenditure and reduce operating costs. How did the authors' view
the effect of this change in financial arrangements on the determination of
an appropriate leakage control policy?

M.T. SETFORD (Mid Kent Water Company) wrote that some clar i f icat ion of the
term n' in the formula u' = s' - (M+a'n1) contained in Appendix 2, was
required.

In his introduction Mr Field had specif ically referred to n' as the
number of domestic properties which, for predominantly urban areas containing
few metered connections, was obviously val id. However, when considering
areas containing a relatively large proportion of metered users, many of
whom might be non-industrial, the definit ion of property must surely change
and n' should include both domestic and metered connections. (This
assumed that during a night test only the large industrial users would be
measured).

He accepted that as long as the authority or company using the formula
were consistent with their own def in i t ion, comparisons of leakage levels
could legitimately be made within that undertaking. However, i f levels of
leakage were compared between different undertakings (as inevitably happed
within the water industry) i t was possible that different definitions of the
term 'property' might be used and the results would not therefore be s t r ic t l y
comparable.

The effect of this could be i l lustrated as follows:

Using Mid Kent Water Company 1981 s ta t is t ics :

Total number of domestic connections = 180,327
Total number of domestic and metered connections = 193,984

I f the NWC formula u' = s1 - (M'+a'n1) was used,

Where s' = minimum night flow rate
M' = large industrial usage (measured during night

test)
a' is assumed to be 2 litres per property per hour

and n' = number of properties supplied,
Then u1 is found to be 10% higher when substituting the number of
domestic connections for n' compared with the alternative of
incorporating both domestic and metered connections. It would be
most helpful if the authors could comment on this matter.

Authors' reply to discussion

In reply to Mr Bays, the authors said that the purpose of their paper had
been to demonstrate how the use of the unaccounted for water formula, and
use of comparisons could lead to completely erroneous conclusions particularly
when percentages were used. There were a few occasions when it was necessary
to obtain the best possible estimate of leakage. Examples of these were,
determination of leakage control policy and assessing, say every four or
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five years, the overall effectiveness of the chosen leakage control method.
On these occasions the authors would urge engineers to perform the type of
analysis outlined in their paper and determine for themselves whether the
overall uncertainty in the figure obtained was tolerable for their
particular purpose. The authors recommended that on such occasions careful
consideration be given to the use of night flow rates as described in
Appendix 2 of the paper. I t was not always possible to use this method,
but in very many systems i t could, with a lot of determination and a bi t of
ingenuity, be applied very effectively. North West Water Authority,
Anglian Water Authority, and some others had demonstrated just what could
be achieved using night flow rates.

Effective application of leakage control methods such as waste metering
and d is t r i c t metering involved the use of indicators of change. In such
cases, i t was unimportant i f the magnitude of a particular indicator was
50% in error, provided that i t would accurately indicate a signif icant,
say 10%, change. I t was, of course, also important that such indicators
were not used for purposes other than assessing changes.

Turning then to the formula mentioned by Mr Bays, the authors said
that three of the terms, S, M, and P in the Bristol formula were the same
as those in the UFW formula, and the term K included 'a ' from the UFW
formula. In addition, the nett night flow, NL, had been introduced into
the Bristol formula and this introduced yet another uncertainty. However,
the formula used by Bristol Waterworks Company was applied to a smaller area
than those envisaged by the authors, and was used on a comparative basis
to detect change rather than to determine absolute values. These two
factors made a considerable difference and, provided that the instruments
used for measurement gave consistent performance, meaningful results should
be obtained. Also the authors added that this was an interesting way of
combining waste and d is t r i c t metering to cover the entire system. They
suggested, however, that a term be included in the formula to convert
nett night flow rate into an average daily flow taking pressure changes
into account. A method for achieving this could be found in report
number 26.

I t would be unwise to generalise too far on the question of variations
in the performance of meters as received and after repair at the manufac-
turers or in-house. The authors certainly agreed that a survey which was
fa i r ly regularly updated was required to assess performance of this kind
and they would take note of the suggestion. In many instances the manu-
facturer could make an effective repair on a clear faul t which arose after
a meter had been in service. The authors had certainly been dismayed to
find how high was the number of faults occurring in new meters going into
service, some of which would not be discovered unless the meter was
calibrated independently.

The authors said that they agreed with most of Mr Twort's comments,
particularly those related to the d i f f icu l t ies of obtaining reliable sample
measurements of domestic consumption, as discussed in Section 2.3 of their
paper. Neither of the authors had been personally involved with measure-
ments of domestic consumption, but would have expected a range of values
depending upon type and age of property. The actual values reconmended
by the Standing Technical Committee report number 2, published in 1976,
were 110 to 1301/head/day including the allowance of 0 - 201/head/day for
non-metered commercial use.
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The authors said that they agreed with Mr Morgan that the important
reason for obtaining an absolute value for leakage was for the i n i t i a l
determination of the appropriate leakage control policy. For routine
implementation of most leakage control methods, relative values were much
more useful for reducing or maintaining leakage at a low level. The
authors would, however, recommend engineers to make an absolute measurement
every four or five years to check that systematic errors in relative values
were not giving false impressions.

To compare leakage in one undertaking with that in another was quite
meaningless because leakage alone was not the sole c r i te r ia , the costs of
producing water were very important. One would expect to find higher
leakage levels in areas where the long run cost of supplying water was
low and vice versa. Any monitoring system or performance assessment
intended to make water undertakings aim at the same level of leakage
would probably only ensure that half of the water undertakings in the UK
were doing too much leakage control, while the other half were doing too
l i t t l e .

The authors agreed with Mr Smith that, in general, too l i t t l e attention
was given to the sizing, instal lat ion, and maintenance of meters. In many
cases this had resulted in meters being grossly oversized for the load they
were intended to measure, and significant errors caused by the configuration
of the pipework within which the meter was installed. The authors were
interested to learn of the in situ calibration work being undertaken and
said that i t was a procedure they would encourage other undertakings to
adopt. They also said that i t was a subject which their own organizations,
NEL and WRC, were to jo in t ly investigate to determine whether improved
procedures could be developed.

In reply to Mr Gimson, the authors said that the purpose of their paper
was to demonstrate how the combination of relatively small uncertainties
could leak to a large uncertainty in the term ' IT. They had, however,
emphasized that the figure quoted for meter accuracy applied to a reasonably
well designed, instal led, and maintained system. Uncertainties very much
greater than those quoted could exist when the meters were incorrectly sized
and installed or poorly maintained.

Turning to meter design, the authors did not agree that there was a low
level of technology in the f ie ld of flow measurement. Generally, flow
metering technology was high, particularly where meters had been developed
for other industries. There was, however, a need to ta i lor some of these
developments to meet the specific requirements of the water industry.
This could only be achieved by producing water industry performances
specifications which set down in detail what the water industry expected
from flow meters used in different applications. Only then would the
manufacturers have a clear idea of the industry's requirements. WRC in
conjunction with NEL and the .Standing Technical Committee would be
developing performance speci f icat ions, the f i r s t which would cover d i s t r i c t
meters, source meters, and small revenue meters.

Obtaining flow meters to meet the specif ic requirements of the water
industry solved only half of the problem. To obtain re l iab le flow
measurements the meters must be properly sized, ins ta l led , and maintained.
The authors agreed with Mr Gimson that there was a tendency for the industry
to i ns ta l l meters and forget about them unt i l they stopped indicat ing. I f
the industry wanted re l iable flow measurements i t would have to pay more
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attention to these points. Again, WRC and NEL intended to assist the
industry by producing guidance notes on choosing, sizing, instal l ing,
calibrating, and maintaining meters for different applications.

Mr Gimson's comments on the lack of re l iab i l i t y by electro-magnetic
flowmeters was disturbing since in good conditions the early problems of
this type of meter had largely been overcome. Certainly their zero
pressure loss advantage would be equalled by the ultrasonic flowmeters
now coming into service but unless the latter were the more sophisticated
multipath systems, which were quite costly, then they were in general
more susceptible to the upstream velocity profi le in the pipeline than
the electromagnetic meter. Long re l iab i l i t y in service of ultrasonic
meters had s t i l l to be established as would the effects of solids in
suspension in the water.

Finally, the authors said that the accuracy of semi-positive
displacement or rotary piston meters such as the Kent PSM or the Neptune
Type 44, were not affected by inlet or outlet conditions. The accuracy
of meters of the helical vane type was affected by inlet and exit
conditions and was particularly adversely affected by the swirl .

The authors agreed with Mr Pepper that the UFW formula had served a
useful purpose and added that i t could s t i l l serve a useful purpose
provided that i t was used wisely. The alternative method based on night
flow rate suggested by the authors, certainly used the same type of formula.
However, the important message they were trying to convey was that even i f
the accuracy of the individual night flow rate components were very much
worse than the corresponding ones for total daily quantity the overall
uncertainty in the estimate of unaccounted for water could s t i l l be very
much better.

In reply to Mr Bennetts, the authors said that Table 3 was based in
general on laboratory tests of a number of different meters of different
sizes of the particular type though note had been taken of national and
international standards where these existed. They agreed that there was
some oversimplification in the assumption that the uncertainties were
symmetrically gausian rather than of skew distr ibution. In a presentation
of this kind i t was inevitable that there was considerable generalization.
WRC and NEL were collaborating to produce a detailed assessment which would
take into account the effects referred to by Mr Bennetts as well as the
variations in claims and assessments coming from different sources.

Water used for mains cleaning, street cleansing, f i re f ighting, etc.
should a l l be included in the formula. Normally the total annual quantity
of water used for these purposes was so small compared to the total annual
volume put into supply that they could be ignored. However, where mains
cleaning was undertaken frequently, particularly in rural areas, or where
the accounting period was short, water used for these purposes might become
significant.

In reply to Mr Thackray, the authors said that f i r s t they must make i t
clear that obtaining night flow rate measurements over large areas was not
particularly d i f f i cu l t nor costly as no doubt North West Water Authority
or Anglian Water Authority would agree. Secondly, they had in mind that
the formula, applied indiscriminately, could only be used for broad
resource planning decisions as described in Section 4 of their paper.
They certainly would not advocate i ts use for determining leakage control
policy except in small well controlled areas, otherwise i t was l ikely that
an inappropriate method of leakage control would be adopted.
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Using the unaccounted for formula as a monitor of change could be
possible in a small well-defined area, but generally i t would not provide
meaningful results. I f the various terms in the formula were examined i t
wi l l be seen that there is no reliable way in which changes in population
or per capita domestic consumption could rel iably be monitored. I t would
be necessary, therefore, to assume those factors to be constant. Thus,
rearranging the formula the monitor of change became

S - U = U + constant

They were adding a large quantity to the term U and were hoping to see a
small change in U. I f they assumed that the term a, P and M were
constant over a period of time, the best possible case, and the term U
had changed by 5%, the corresponding change they would actually monitor
would be in S. Using the examples A and B in the paper, they would be
looking for changes of 1.3% and O.85S respectively. There was, therefore,
no chance whatsoever of seeing the change suggested.

Turning to the last part of the question, the authors said that in
Appendix 2 of their paper and in their presentation they had demonstrated
how an 11" difference in UFW could actually represent zero difference
(towns A and B) or 100% difference (towns E and F). Similar results
could be obtained with a 5% difference. Consequently, armed with that
single item of information i t would be quite wrong for the Monopolies
and Mergers Commission to suggest that a difference of 5% was signif icant,
but i t would be equally wrong for Mr Thackray to suggest that the 5%
difference was insignif icant.

The authors thanked Mr Bullock for his contribution. They said that
his examples supported the points they were trying to make and they hoped
other authorities would follow the excellent example set by Anglian Water
Authority.

They would not be drawn on the subject of the domestic metering option,
that was a topic for another conference on another day.

With regard to the effects of current cost accounting, they said that
these were matters which affected financial arrangements, whereas the
procedure for determining leakage control policy was based on economics.
In theory, therefore, current cost accounting should not affect the use .
of the procedure, but i t could have some effect on the practical implemen-
tation and i t was a point they would a l l have to watch.

The authors said that they agreed with every word that Mr Setford
had said and, although i t did not represent a major problem or drawback,
i t was a constant niggling problem which must be resolved. The authors
said that they had looked at simple ways of resolving the problem by
specifying hereditament or number of b i l l s sent out, but these had problems
because of blocks of f lats or council property. The matter had been
discussed at some length at the last meeting of the Leakage Control Liaison
Officers and following that meeting i t had been suggested that:

A block of f lats was treated as one property, i .e. one connection.

Council houses which might receive one b i l l were counted
individually.
Properties with no water supply were excluded.
Properties on a common supply, including industrial estates,
were counted individually.
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Fig. 1. Calculation of UFW for Town A based on daytime flow rates
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Fig. 2. Calculation of UFW for Town B based on daytime flow rates
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Fig, 3. Calculation of UFW for Town A based on night flow rates

S' M' a'n' U'
Fig. <t. Calculation of UFW for Town B based on night flow rates
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Fig. 5. Variation of household consumption within a given class of dwelling
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3. THE TRADITIONAL APPROACH TO WATER LOSSES

By J.S. Pocock, MBE, BSc, HICE, MIWES*

Our philosophy for controlling water losses has
changed little over the years and it is still
appropriate to apply traditional techniques. Past
successes are examined and compared with present
efforts to establish an economic balance between
the cost of exercising control and the value of
water lost.

INTRODUCTION

An oft quoted passage in Ecclesiastes is 'What has happened will
happen again and what has been done will be done again, and there
is nothing new under the sun'. Whilst this is indeed true of
many of our present attempts to reduce 'waste' (that being the
generic term for use without purpose as well as leakage) there is
another later quotation from the same source - namely that 'For in
much wisdom is much vexation, and the more a man knows, the more
he has to suffer1. Certainly as the cost of electrical power, oil
and manpower has escalated there has been a corresponding degree
of vexation amongst politicians when figures of 20%-30% have been
quoted for the percentage of water that leaves our source works
but is not accounted for, or is not purposefully used by the
customer.

The vexation is increased tenfold for the water engineer who
cannot, for lack of accurate instrumentation, prove that the
situation is not as bad as the 'unaccountable' figures would
suggest.

Looking back through water history for a hundred and fifty
years, it is possible to identify a cycle of interest in water
losses; at intervals of about 30 years there have been progressive
stages of analysis and invention, and it is indeed humbling to
read the excellent paper given by George Deacon(l) to the Society
of Arts in 1882. There have been other classical presentations
and I would particularly mention papers to the Institution of
Civil Engineers by William Hope(2) in 1892 and by Henry Cronin(3),
Chief Engineer of the Metropolitan Water Board in 1951.

•Assistant Director of Operations, Thames Water Authority.
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Prevention is better than cure

The need for better materials and better standards of design
was recognised at a very early stage not only for mains and
services but also for the customers' installations. Thus iron
mains became compulsory in London in 1820(4), and lead, copper
and wrought iron for connections in 1847(5). Detailed Regulations
regarding the customers' fittings and pipework were introduced in
1871(6), and it was in these Regulations that the phrase
'prevention of waste, misuse, undue consumption and contamination
of water supplied by the undertaker' was introduced. We are still,
in 1981, trying to reform these original objectives into yet
another version of Model Water Byelaws(7), having rejected the
intention of revision to Building Regulations (Water) under the
Health and Safety at Work etc. Act, 1974(8).

In my earlier days as Distribution Engineer for the Metro-
polis, I recall few difficulties in enforcing Byelaws in a fairly
autocratic way, for not only did the plumbing fraternity deem it
inopportune to argue, but the time honoured tradition of shutting
off supplies for waste in London meant that the threat of retri-
bution was real.

The political climate has, of course, changed, not only
because of our close involvement with the E.E.C. but also because
of the emergence of powerful pressure groups in our society -
water authorities are looked upon as bureaucratic organisations
even when they are demonstrably democratic, and the abusive word
'quango' is hurled at any associated committee. Such pressures
have refined the philosophy of controlling water losses and an
example is that of consumer protection. Since the 1871(6) Regulations
there have been simple rules such as a requirement that taps should
withstand a test pressure of 300 p.s.i., even when working
pressures were only a tiny proportion of that figure, but a peak
of customer protection was reached in the 1930's when it was
decreed that every single water fitting used in the Metropolis
should be tested and stamped(9). There was certainly a notion of
public good in some of these moves even if waste and contamination
were used as the official justification, and this probably arose
because of the lack of other effective legislation to protect
public interests. Today, therefore, whilst withdrawing to some
degree from customer interest in our pursuit of effective means
for controlling water losses, we are really only narrowing the
space between the goalposts because the salesman and the landlord
have other restraints placed upon them.

One very real example of reversion to tradition is the
argument that we do not need a byelaw to define the strength of
water cylinders. There was no such regulation in 1871 and, if we
did not have one today, would the occasional leak cause any
significant increase in the overall level of water consumption?
Is it the job of the water authority to prevent an occasional
leakage of water which will, in any case, be stopped quickly
owing to the serious damage that it will cause to the customer's
property? Would it not be more realistic to direct our inspectors'
time to tracing leakage from our apparatus and leave the need for
ensuring suitability for purpose to other organisations including
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perhaps our Members of Parliament, who, too often, are apt to
criticise the application of law that they have themselves created.

Pressure Control

Control of pressure as a means of controlling leakage was
identified in the recent national report(lO) as a means of
controlling water losses, and it is interesting to try and trace
application of this philosophy in the past. Certainly pressure
control valves have for many years been used to reduce trunk main
pressure to a level that is appropriate to a locality, but
reference to the Third Schedule of the 1945 Act(ll) shows that
pressure control valves do not fit in with the statutory concept
of flow by gravity from a service reservoir chosen by the under-
taker. The tendency in the past, therefore, has been to discharge
through valves to local reservoirs or water towers which them-
selves correspond with the statutory concept - furthermore the
reservoir provides a means of maintaining the supply if the
pressure reducing valve needs repair, and a safeguard against
pressure surges if the valve sticks. It could be that present
legislation should be modified to include reference to pressure
reducing valves and in line boosters, both of which enable local
pressures to be controlled more closely relative to ground level.

There is not a shadow of doubt that the requirement for 'in
house1 storage cisterns, which has been related to local legis-
lation in the Metropolis for more than a hundred years, took
account of the beneficial effect of a low and constant pressure on
leakage from defective fittings, and many engineers still regard
this requirement as justified on the grounds of waste control
alone, even though it is clear that other very good reasons exist.
There is, of course, still an equivalent option for those who
advocate 'all mains' systems to also advocate the provision of
pressure reducing valves outside or inside every dwelling such
that a constant but adequate low pressure is applied to all
fittings.

Incremental Correlation

At times of water shortage or financial restraint it is necessary
to estimate changes in water demand as well as the financial
consequences in order to justify either the expenditure or the
likely effect of a water shortage on customers. It is very
difficult to estimate changes in losses resulting from greater
changes of demand that develop from year to year. Nevertheless,
Mr. Cronin carried out such an exercise in 1950 when there had
been a substantial increase in expenditure on waste control and
that trend can be compared with recent figures for London where
the effect of improvements in conditions of employment and cuts
in staffing levels have led to a substantial reduction in the
number of inspector hours being spent on waste control. Over the
four years 1946 to 1950 the average minimum night flow fell by
13.3 m.g.d. or 3.3 m.g.d. per annum. Over the same period the
average daily supply fell by 9.6 m.g.d. or 2.9 m.g.d. per annum.
It was felt, at that time, that this correlation between night
flow and average demand was reasonable evidence that the financial
expenditure on waste control over the four year period had been
justified (Table 1).
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TABLE 1 - Incremental correlation.

Year
Minimum
night
flow
m.g.d.

80.5
85.9
76.2
67.2

Average
daily
supply
m.g.d.

325.5
333.8
323.7
315.9

Ratio of minimum
night flow to
average daily
supply

24.7%
25.7%
23.5%
21 .3%

1946
1917
194 8
1949

Di fference -13.3 - 9.6

1971
1972
1973
1974
1975
1976
1977
1978
1979

94 .1
97.7
99.3
101.4
102.8
108.2
110.1
116.6
123.7

384 .9
387.4
386.6
392.7
409.2
391 .0
402.3
416.7
421.3

24 .4%
25.2%
25.7%
25.8%
25.1%
27.7%
27.4%
28.0%
29 .4%

Di fference + 29.6 + 36.4

Note: The Minimum Night Flow is the flow measured by Deacon
Waste Meters.

Over the last decade (1971/72-1979/80) the average minimum
night flow has increased by 29.6 m.g.d. and over the same period
the average daily supply has risen by 36.4 m.g.d.

Whilst the need between 1946 and 1950 was to employ usefully
an increasing number of staff, the objective over the last decade
has been to increase efficiency and reduce staffing levels. The
effect of this in the Metropolis can be seen both in the increase
in minimum night flow to average daily supply ratio and in the
decrease in number of defects discovered by the Inspectors as
shown in Figure 1. As can be seen in Figure 2, there has been a
reduction of 38% in the Inspectors' total working hours between
1964/65 and 1979/80. If only waste related matters are considered,
the reduction in manhours is nearly 43%.

If the incremental correlation between minimum night flow and
average daily supply is accepted as a measure of the effectiveness
of waste control, there is indeed reason for concern at the
present time. The records of the former Metropolitan Water Board,
continued by Thames Water, are remarkably good and it can be
judged that .annual effort applied to waste control in 1949/50
amounted to 357,381 manhours. In 1979/80 it had been reduced to
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188,400 manhours, notwithstanding the fact that the average age
of the mains network had increased from 62 years in 1949 to 82
years in 1979 (Figure 3).

Minimum night demand

This phrase does not appear in the recent DoE/NWC report(lO)
but it has the virtue of clarity. A reference to making such
measurements appeared in 1898(12) and the technique was, as today,
that of either ceasing pumping or isolating the service reservoir
from the pumping station whilst observing the change of level of
the service reservoir using a hook gauge between the hours of
2.00 a.m. and 5.00 a.m., and comparing this demand to the average
for the day. Figures are not available for these early tests but
it can be inferred from various references that leakages from both
mains and service reservoirs was considered to be small, and
almost half the quantity put into supply was lost or wasted from
the customer's pipework which, at that time, extended to the main.

When pumps cannot be shut down and there is substantial
infusion between reservoir zones it is much more difficult to
measure minimum night demand, but Mr. Cronin made such trials over
four days periods in 1949 and 1950 and arrived at minimum night
demand ratios of 44% and 38%, respectively. These figures
correspond with ratios for minimum night flow of 24% and 21% giving
a difference of 20% and 17% for these two years - say 18.5% which
presumably represented leakage from trunk mains and reservoirs as
well as bulk use from trunk mains and metered demand that had been
excluded from waste water meter areas.

Corresponding figures for the Metropolitan area today give a
minimum night demand ratio of 51% and a minimum night flow of 31%
- giving a difference of 20% which, as might be expected suggests
either a slight worsening of leakage from trunk mains and
reservoirs or higher trunk mains use. The figures also suggest
a significant worsening of losses from the distribution system
amounting to an increase of 8% in the minimum night flow ratio
over a period of 30 years.

If the system for assessing acceptable economic losses as
described in the DoE/NWC report(10) is applied this would
correspond with an acceptable level of water losses of 16% in the
Metropolitan area, leaving 15% of the minimum night flow figure
to be separately accounted for.

Applying the corresponding assumption of the DoE/NWC report
(10) to other Divisions of the Thames area suggests target levels
of water losses between 10.5% and 12.9% with an average for the
whole area of 15%.

Maintenance of reduced waste

The DoE/NWC report(10) provides a means of estimating the
effort necessary to maintain an effective waste water meter system
and histograms were used in that report to indicate the problem.
It is interesting to find data presented in such a form by
Mr. Hope in 1892(2), covering experience from about 1878.
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It is difficult to compare this data with that produced by
the recent working party as that of Mr. Hope is on a per capita
basis and the more recent one is on the basis of households -
nevertheless, assuming a current ratio of 3 persons per household,
the original experience will be seen to correspond quite closely
(figures 4 and 5). Mr. Hope in his address to the Institution
also gave us the interesting information that 3.9 inspectors per
100,000 of the population were used originally and this was
reduced to a ratio of 3.1 after 13 years. These men were probably
employed on a 12 hour day six days a week with no overtime for
nightwork.

The present equivalent full time waste inspector ratio in the
Thames area appears to vary from about 0.9 to 3.5 per 100,000 of
population.

The use of sounding sticks to locate hidden leakage is
undoubtedly a very old practice; they were certainly used system-
atically in the mid-Victorian era (probably with wooden cups to
fit against the ear) as the follow-up to step tests on metered
districts. Sounding sticks are very popular and are still probably
the most efficient means of locating leakage. Where sounding
sticks fail there is now, of course, a very proper place for
electronic devices and specialist staff.

Trunk main leakage

It is difficult to find any significant reference to leakage from
trunk mains in early literature but Mr. Cronin in 1950 states that
90 miles of trunk main between 30" and 42" had been systematically
tested; that the total leakage amounted to 25,580 g.p.h. and the
defects causing it were subsequently, or would be, traced and
rectified. He added that the results of tests tend to confirm, as
was thought, that the Board's trunk mains were not in bad condition
and that leakage from them was comparatively small. A similar
opinion was expressed in 1885 by the engineer who subsequently
became the first Chief Engineer for London. Undoubtedly, very high
standards were maintained as regards the manufacture, handling,
laying and jointing and testing of mains but it is difficult to
correlate Mr. Cronin's figures for minimum night demand and mini-
mum night flow without questioning his logic.

It so happens that the author carried out one of the tests on
a 42" main to which he referred and, far from accepting the
original figure of 100 g.p.h. leakage indicated by a j" meter
through a hose connection to an air vent, later research suggested
figures of about 2,000 g.p.h. after allowing for valve let by,
there being a substantial hydraulic gradient when the section of
main to be tested had been isolated.

A test for measuring leakage that allowed for valve let by
had thus been developed by 1952 and it was used on scores of old
mains between 3" and 42" in diameter. A paper on the subject was
indeed submitted to the Institution a few years later but was not
accepted for publication.

Very briefly, the technique is to observe the normal pressure,
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then isolate the main and observe the pressure again. If the
pressure falls by more than 50% a valve, preferably a small valve,
is cracked deliberately to permit controlled let by. Water is
then drawn off from the main, or fed into it from a higher
pressure source, and the pressure/draw off relationship is
observed. Finally, the system is allowed to revert to its original
status quo condition as a check on movement of valve gates. When
such movement does occur it seldom happens again if the test is
repeated.

The calculation to estimate leakage is somewhat complex but
there are half a dozen simpler versions of the test which can be
applied using nothing more than a bucket, a stopwatch and a little
mental arithmetic. Accuracy is of the order of 10% when compared
with directly metered leakage on mains with tight valves.

Management

At first sight there seems to be little about management that
can be called traditional but closer examination of past events
shows a recurring theme.

The paper by Mr. Hope in 1892(2) shows a financial analysis
of the effect of waste metering that bears a close similarity to
-that contained in the recent DoE/NWC report(lO). This early study
is shown in Table 2.

There were few manpower problems in those early days but, as
quoted already, Mr. Hope claimed a reduction of manpower from 3.9
to 3.1 per 100,000 of the population after a waste control system
had been operating for thirteen years. A survey by the Author of
the number of staff involved in waste control in the U.K. today
suggested that the figure is on average 2.9 for waste control on
premises and 2.1 for byelaw inspection - corresponding figures
for London being 3.5 and 1.6, respectively.

As stated earlier, the present number of manhours spent on
waste control in London is only about half those employed during
the post war peak of such activity. There has, of course, been a
recent move towards more holidays, a shorter working week, time
off after night work and similar changes that have reduced work
output, and it is that adverse effect that we now need to combat
by reassessing our problems, establishing new financial targets
and adjusting our resources in terms of money and manpower to re-
establish the status quo.

Per capita consumption

One of the earliest means used to assess the effectiveness
of a system of waste control was that of comparing total consump-
tion of different towns on a per capita basis. Sometimes
industrial metered consumption was separated. This is still a
valid means of comparison for the diverse nature of the factors
which go together to control the level of waste is such as to
justify an exchange of views, not only nationally, but inter-
nationally.

During the latter half of the last century the basic problem
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TABLE 2 - Financial analysis of waste water metering - Mr. Hope 1892

CO

00

Town Population

1000's

Capital cost
of introducing
W.W.M.'s

EOOO's

An.revenue
cost of
operation
of W.W.M.'s
£000's

Av. daily
supply before
introduction
of W.W.M.'s

M.G.D.

Av. daily
supply after
application
of W.W.M.'s

M.G.D.

Net annual
saving ® 6d.
per 1000 gall
&. 8% interest

£000's

Bath

Birkenhead

Carlisle

Gloucester

Lambeth

Leamington

Portsmouth

Southwark
& Vauxhall

Widnes

59

93

41

37

342

23

111

842

21

2.6

3.1

1 .0

2.0

6.0

0.4

Est. 0.2

16.8

0.4

0.3

0.5

0.1

0.2

2.4

0.1

Est.0.7

2.0

0.1

2.81

2.35

1.75

1 .18

11.28

0.55

3.90

42.10

0.24

1 .24

1.59

0.77

0.57

6.27

0.36

2.17

15.16

4.7

6.3

8.9

3.2

43 .6

1.5

Est. 12.4

81.0

0.17 0 . 5

m
3)

CD
O

O
CO
CO

TOTAL 1569 32.5 6 . 4 66.16 28.30 162.1

Total per
million of
population

20.7 4 . 1 42.2 18.0 103.3
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was that of introducing a constant supply without increasing the
total amount put into supply. Progress along that path proved to
be very slow and it is only the pattern of demand since the intro-
duction of a constant supply that is meaningful. Figure 6 details
the increase in per capita consumption in London over the last
100 years.

When Mr. Cronin addressed the Joint Institutions in 1951(3)
he quoted consumption in 20 towns throughout the world that had
also been selected for the Presidential address to the Institute
of Civil Engineers in 1900. It so happens that half of these
towns were, by coincidence, selected for a similar review for the
International Water Supply Association in 1980, and we thus have
an interesting pattern of change over a period of nearly 80 years.

It will be observed that there is a remarkable correlation
between the growth of demand in the four U.K. towns, amounting to
1J% per annum and it follows that at any time within that period
an effective waste control policy would have had a significant
impact on the capital programme of the organisation. A recent
study of the value of water in the Thames area shows that the
average marginal value based on operating costs is only 1.55 p/m3

but this increases to an average of 5.55 p/m3 if both the short
and long term capital value is taken into account. The present
metered charge is 17.05 p/m3 but if standing charges recovered
the full amount of availability related costs, the metered charge
would be around 13 p/m3.

It is apparent from these figures that the financial return
derived from an increase of effort on waste control can vary
widely from place to place in an authority's area, perhaps by a
factor as great as 20; and the financial returns will not be the
same for equal reductions of waste in metered and unmetered
premises.

Another comparison was made recently for the I.W.S.A. by
selecting 5 major towns in each country and plotting the total
consumption in a stepped sequence such as to give a visual
impression of consumption (figure 7).

This average consumption in all of the metered towns was
compared with that in unmetered towns and it was found that the
unmetered average was actually marginally below the metered
figure. This raises a question as to whether metering itself
produces any permanent reduction of demand in a modern prosperous
society.

Figures have seldom been quoted from overseas for differences
between total metered quantities put into supply and total
quantities registered on revenue meters. This was, therefore,
researched for the I.W.S.A. and results are shown in Table 4.

It seems logical that low losses from mains and reservoirs
could be associated with a modern distribution network and
enquiries were made as to the proportion of mains that have been
laid or renewed in recent years. This is shown in Figure 8. The
low level of renewals in London becomes apparent.
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TABLE 3 - Water supply to towns, with reference to consumption
and waste Average quantity supplied

per head per day
(excluding bulk supplies)

gallons

City

B irmingham

Glasgow

L i verpoo 1

London

Dublin

Amsterdam

Brussels

Copenhagen

Paris 9S

Capetown

Year

1900

ly49

1978

1900

1949

1978

1900

1949

1978

1900

1949

1978

1900

1948

1978

1900

1949

*•1978

1906

1949

1978

1900

1949

1978

1914

1949

• 1978

Area of
Supply:
sq.miles

.130

183

68

98

101

106

620

540

250

17

68

64

116

0

29

59 •

79

Population

thousands

668

1220

1212

1000

1223

881

857

1097

860

5900

6453

5710

290

603

998

521

840

758

705

1030

1311

358

764

537

152

426

750

Domestic and
unaccounted-
for water

17

20

37

34

40

81

18

25

53

27

34

56

30

31

44

-

19

27

-

-

24

14

23

39

-

27

31

Trade

10

16

23

21

26

29

13

17

24

8

15

13

7

8

11

-

9

24

-

-

10

5

21

26

-

16

18

Total

27

36

60

55

66

110

31

42

77

35

49

69

37

39

55

19

28

51

16

28

34

19

44

65

29

43

49

Philadelphia 1900 145
1949 135
1978

1230
2052
1900 90 73

187

143
163

* Figures exclude unaccounted-for water

tf Figures for Par is not included as some include non-potable water.
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TABLE 4 - International data. Towns with all supplies metered.

Country

Belgium
Denmark
France
West Germany
Italy
Poland
Finland
South Africa
Spain
Israel
Sweden
U.S.A.

Notes :

Number of
towns

1
5
6
3
2
4
4
4
4
2
5
4

Unaccounted for water expressed
as a % of average daily supply

Range

5%-12%
13%-30%
3%- 6%

_
3%-12%
10%-15%
7%-ll%

19%-28%
8%-20%
7%-23%
12%-25%

Average

15%
9%

20%
5%

12%
8%

13%
9%

23%
14%
18%
18%

1. Unaccounted for water as shown above was calculated as follows:

Metered quantity put into supply-Quantity registered on revenue
meters

Metered quantity put into supply

2. Unaccounted for water includes:

i) water used for street cleaning
ii) mains flushing water

iii) water for fire-fighting
iv) leakage
v) meter errors (which may be positive or negative)

CONCLUSIONS

This review of traditional methods of controlling water losses
has identified techniques that have been successful at some time
in the past and I am sure that Mr. Hope would be delighted to
observe the close similarity between his paper of 1892(2) and the
recent DoE/NWC report on 'Leakage control policy and practice'(10).
The only references that would puzzle him relate to heat pulse
and turbine insertion meters, and the electronic correlator. How
then has good practice failed, in many respects, to maintain its
momentum in recent years? It is perhaps a fact that management
techniques can never stand still, for few today would seriously
suggest employing staff on a 60 hour week without payment of
overtime, or require men to work both day and night on consecutive
days. Many other changes can be identified that cannot be
reversed, and it would appear that in the sphere of water loss
control technology has not advanced at a sufficient rate to com-
pensate for loss of manpower productivity. The present
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understandable reluctance to employ more men on waste control
does not relate to any fallacy in the techniques of the past but
rather demonstrates our need for improving the productivity of
those now employed. Existing bonus schemes cannot be regarded
as a success and some may argue that they have actually been
detrimental in so far as they relate to the speedy completion of
a routine instead of to the achievement of a defined level of
losses.

It may be that by using more sophisticated costing procedures
we can, and should, increase the level of manpower involved in
keeping with our fundamental duty to provide a reliable and
wholesome supply of water at minimum cost. Manpower needs should
fit into that concept but the alternative course of action is to
accept, as a temporary phase, the conclusion that water losses
will be higher than is economically desirable for a few years
whilst new techniques of search, repair and renewal are developed.
Reductions of pressure, and the introduction of restraints on
demand, may provide a breathing space in which this development
can take place, but in the long run it is unlikely that the basic
ideas of control, both financial and technical, will change
significantly from those which would have been familar to our
forefathers.
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Figure 8 Percentage of 100-300mm diameter mains laid or renewed
in large towns 1948-1978

DISCUSSION

Author's introduct ion

Mr Pocock introduced his paper by saying that the more a water engineer
learnt about norms of water use and losses the more was his vexation in
t ry ing to explain the differences between those f igures and the quant i t ies
of water supposedly put in to supply.

I t was possible to compare water supply s t a t i s t i c s on an internat ional
scale and, he drew at tent ion to other information published by the
Internat ional Water Supply Associat ion. This showed that water consumption
in London was comparable wi th that elsewhere, taking account of the fact
that water here was cheap and mostly unmetered, and that London was a vast,
commuter, t o u r i s t , and commercial centre. Demand had increased more in
the l as t 30 years than in the preceding 50 years but th is phenomenon
appeared to be typ ica l of most other towns.

The various trends that he had i den t i f i ed were not necessarily examples
of simple cause and e f f e c t ; thus, for instance, i f the average age of mains
in an area was increasing i t did not necessarily mean that th i s was the
principal reason for a simultaneous increase in the ra t i o of MNF to average
dai ly supply, nor indeed that the l a t t e r re lat ionship necessari ly implied an
uneconomic level of water losses i n part or a l l of that area. L i t t l e
thought had, for instance, been given to the techniques and cost of f inding
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and repairing leaks on trunk mains that were operating at the l imi t of their
present capacity.

I t was quite apparent that the subject of water losses attracted public
interest about once every 30 years and in between these peaks of interest
the pr ior i ty for dealing with water losses took second place to other
pr ior i t ies and constraints that were po l i t i ca l ly fashionable at the time.
For that reason he did not feel sensitive about presenting a frank paper
on the traditional approach, for what they were looking at was not just
water losses but the whole technical, f inancial , and pol i t ical framework
within which a water authority had to operate.

Discussion

G.F. BELL,(Newcastle and Gateshead Water Company) agreed that the general
principle for controlling water losses had changed l i t t l e over the years.
I t was the method of going about the search that concerned him; i .e . the
method imposed on some undertakings by productivity scheme consultants
whom he regarded as 'opportunists'. Unaccounted for water, or water that
was not purposefully used by the consumer, was d i f f i cu l t to imagine. He
had no doubt that the day would come when every branch pipe was metered,
but he doubted i f even that would help to determine where the water went
and how i t could be accounted for.

The heading 'prevention is better than cure' said i t a l l . How often
had they cut out an old iron pipe to find 3/8in metal on one side and Jin
on the other! How often had they exposed, for repair, odd-shaped castings
with no spares for replacement! Standardization was undoubtedly necessary,
but he wondered i f Mr Pocock thought that they had gone far enough? He
asked Mr Pocock how he got over the situation where an old existing main
to which a new customer was to be connected, was shallower than the newly-
laid supply pipe and the customer said 'but why should I have to lay my
pipe with 2ft 6in of cover when your main is only 18in deep?'

Pressure control was a section which could easily, in i t se l f , be a
subject for a whole seminar. The old argument, 'in-house storage or not ' ,
s t i l l continued. He considered that in-house storage might well reduce
consumption and consequently waste on a proportional basis, but the control
of waste in general would be necessary and the same manpower s t i l l required
to carry out the work. With regard to incremental correlation, i t was
d i f f i cu l t to estimate changes in losses resulting from greater changes in
demand that developed from year to year. In the north east of England
there was the recession of the traditional heavy industries and their
replacement by l ight engineering units in other parts of the area, coupled
with the resultant sh i f t of population. Consumption had not dropped, but
just in case their sums were wrong and there was much undetected waste,
his company had decided to instal d is t r i c t meters.

They should not be misled, as Mr Pocock had pointed out under the
heading Minimum Night Demand, by the inference, from figures from early
tests, that leakage from mains and reservoirs was necessarily small. He
had personal experience of having to strengthen the floor of a 1J mg R/C
Service Reservoir and at the same location, replace an 18in flanged pipe
at the bottom of this 15ft deep structure.
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He agreed with Mr Pocock that sounding sticks and the traditional
approach to locating waste still had a place in our programmes. His
company had purchased a Leak Noise Correlator and it was proving highly
successful when a leak proved difficult to pinpoint. They should not
neglect leakage from steel mains. He had personal experience of a
steel sounding rod penetrating the bitumen sheathing and giving rise to
corrosion. The main eventually became a sieve.

Management of waste had entered the realm of the professional and in
a number of undertakings, a professionaly qualified water engineer was
specializing in the prevention of waste as a top priority.

The question had been raised by Mr Pocock as to whether metering
itself would produce any permanent reduction of per capita consumption
in a modern prosperous society. Mr Bell considered that temporary
reduction of demand might occur but only until the financial implications
were analysed. Perhaps Mr Pocock would care to comment on the low level
of renewals in the London area.

In conclusion, he too believed that the momentum of the previous good
practice had 'flagged' in recent years. He believed that the monotony of
travelling in vans and the lost contact with the general public had
contributed to the loss of momentum. It would be difficult to restore,
but not impossible. He thought they would all agree, however, that the
basic ideas for controlling water losses were unlikely to change.

E.G. MOSS (North Surrey Water Company) said that he wished to make
observations on two points in Mr Pocock's paper. Firstly about the time
honoured Metropolitan Water Board tradition of turning off supplies which
were wasting water. The former MWB led the field in a number of ways but
this power was not available to most water undertakings. Mr Moss said
that he had never worked in an undertaking with the power to disconnect
for waste of water but that from time to time many engineers had faced the
problem of the reluctant consumer who allowed his overflow to run to waste,
often to the annoyance of a neighbour, but who despite notice and threats
from the water undertaking persisted in allowing the waste to continue.
He was not one of those who advocated the return of capital punishment but
oh for the power of the MWB to turn off for serious leakage!

Secondly, about Mr Pocock's claim for increased labour in the location
and repair of leakage. Mr Moss said he was sure that this point would be
reiterated throughout the symposium. The Water Research Centre had
pioneered improvements in equipment and techniques for the detection of
leaks but ultimately leaks could only be located and repaired by manual
effort. This was labour intensive and this point was also highlighted
in the papers by Mr Ingham and Dr Rees.

Mr Moss illustrated the reduction of water consumption by application
of increased man hours in waste detection by showing graphs of the consump-
tion in gallons/head/day in the former South West Suburban Water Company
between 1948 and 1958 following the introduction of systematic house to
house leak detection on the pattern described in Mr Ingham's paper. The
Company had reduced the average daily supply from 6.75 mgd in 1947 to a
figure of less than 3.5 mgd in 1950 which did not return to the 1947 value
until 1958 despite a continuing increase through the period in the number
of properties supplied. The graph also showed that the defects found
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per year fe l l from over 8,000 in 1948 to around 3,000 in 1958 and demonstrated
the law of diminishing returns.

He said that water undertakings were indebted to Work Study practitioners
for reduction in manpower but there was nevertheless a problem in adequately
rewarding waste detection teams when by increased effort the number of leaks
found was progressively reduced.

B.H. ROFE (Rofe.Kennard & Lapworth) said that the paper was extremely useful
in identifying a need for the continuing application and ut i l izat ion of
experienced teams to control water losses. The paper also identif ied the
di f f icu l t ies in maintaining the tradit ional approach; the reductions in
staff and the restrictions on times of operation under good present
employment practices.

The National Water Council Standing Technical Committee on Sewers and
Water Mains had been considering this matter for some time, and Sub-Committee
1 on Hydraulic Design and Planning had established a number of areas of
research to improve the present situation. These could be summarized as
being requirements to identify the system. In particular i t was important
to be able to take continuous and repeatable measurements at different
points in the system, and to this end research was being carried out at
Water Research Centre on alternative meters and other instrumentation for
this purpose.

Once adequate records of the system had been obtained and suitable flow
and pressure measurement instruments were available, i t was then possible to
carry out a network analysis. The technique and application of network
analysis had been known for several years but was s t i l l not applied to any
fu l l extent in existing systems. I t was suggested that the main reason
for this was the lack of time available to acquire the necessary information.
However, on every occasion when an authority or company had made the
necessary investment to establish the records of their mains and carry out
flow and pressure measurements, the resulting findings from the network
analysis had established savings considerably in excess of the cost of
carrying out the study. Would the author comment on this?

A. HOWARTH (Asian Development Bank) stated that although he was not in a
position to comment on the percentages of unaccounted for water shown in
Table IV of Mr Pocock's paper (which applied to developed countries), he
could provide some data and information on unaccounted for water associated
with 35 or so urban water supply projects in 12 developing member countries
in Asia which had been financed by ADB over the last 10 years and for which
ADB had provided about $780m in loans. The ADB, when financing a project,
not only appraised the specific project for which financing was requested
but also required that an in-depth analysis be made of the distribution
system. The reason for this was the obvious one that there was no point
in providing a loan for additional supply capacity i f a large percentage
of the water that was to be supplied, and the water presently being supplied,
was unaccounted for. In the majority of urban areas in the developing
member countries of the ADB unaccounted for water prior to the introduction
of comprehensive distribution control programmes had been between 40 and 50%
of the water supplied to the system. With the exception of three projects,
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all urban water supply projects financed by the ADB have al l service
connections metered. In a l l recent projects ADB financing includes the
provision of meters for both supply source works (existing and proposed)
and consumers' meters. I t was realized that an acceptable percentage of
unaccounted for water was d i f f i cu l t to define and must, of necessity, vary
from one water supply authority to another. However, ADB's experience to
date showed that between 20 and 25% could be obtained without too much
di f f icu l ty i f the reduction of unaccounted for water was given the attention
i t deserved. I f the majority of a distr ibution system was in relatively
good order a figure of 15 to 20% had usually been adopted as a target.
For those systems where an extensive programme of relaying existing pipelines
and services needed to be undertaken and the system was relatively old
25» had been generally adopted as the target. Experience to date showed
that for the majority of the systems the above percentages could be
achieved i f a comprehensive approach to the reduction of unaccounted for
water had been adopted. This entailed such measures as: the provision of
eff ic ient meters throughout the system backed up by regular meter reading
and maintenance of meters; routine leakage detection carried out by night
flow measurements by isolating specific parts of the system; detailed
surveys of consumer properties to detect i l legal connections; and public
information campaigns. To reduce unaccounted for water in the major cit ies
with populations of several mil l ion appeared to be the most d i f f i cu l t and
progress had been the slowest in reaching acceptable levels of unaccounted
for water in these c i t ies . A notable example of what could be achieved was
in the case of Singapore where the percentage of unaccounted for water was
about 10£. The supply system in Singapore was such that with the high
marginal cost of water in Singapore i t had paid the authorities to keep the
percentage low. However, this authority provided a good example of what
cojld be achieved provided a water supply authority was prepared to adopt a
comprehensive programme to reduce unaccounted for water and work hard at the
programme.

R.H. MORGAN (Rickmansworth and Uxbridge Valley Water Company) referred to
the author's statement that the financial returns were not the same for
equal reductions of waste in metered and unmetered premises, and commented
that i t would be a strange charging policy indeed that had a metered water
rate lower than the unit cost of leakage. I t followed that the reduction
of waste on metered premises was almost always financially disadvantageous
to the water undertaking. In view of this 'penalty' the author was
requested to comment on the relative emphasis which should be placed on
detection of waste in the two sectors.

Author's reply

Mr Pocock noted Mr Bell 's c r i t i ca l reference to bonus schemes, and observed
that waste control seemed to be poorly suited to bonus conditions i f i t
merely represented speedy completion of a routine. Possible solutions
were to change the present concept of bonus payments for such work or to
identify waste parameters that could be regarded as evidence of proper
completion, even i f different levels of waste were jus t i f ied in different
locations. He also agreed that universal metering would be of l imited
value since most customers had now been offered meters in such a position
that underground leakages would not be registered. On the question of

3.20



IWES: AN UNDERSTANDING OF WATER LOSSES

standards he fe l t that innovations should be welcomed when materials,
dimensions, and designs could be modernized together. This was what
happened in the case of ductile i ron, and the same principle could be
adopted with regard to the medium density polythene pipes or new OSV
assemblies. Mr Pocock noted with interest Mr Bell 's reference to the
advantages of ' in house1 storage in controlling water losses and f e l t
that poor performance of the Portsmouth type float-valve had obscured
this advantage. He looked forward to i t s compulsory replacement by the
diaphram type f loat valve. The low level of mains renewals in London
was partly accounted for by the non-corrosive nature of the water and
past good standards. A planned renewal programme introduced by the
former Metropolitan Water Board had not survived present financial
pressures, and renewals were seldom found to be jus t i f ied on purely
economic grounds.

Mr Pocock noted Mr Moss's interest in being able to shut off the
supply to customers who caused waste, but pointed out that this power,
which the public seemed to accept, was coupled with ah absence of power
to recover a l l costs for searching and reporting leaks on private
pipework. He found i t d i f f i c u l t to understand the efficacy of house-to-
house inspection alone, unless some other factors were involved, such as
a predominance of leakage on service connections, or an absence of plastic
pipes.

With regard to Mr Rofe's suggestion that network analyses were self-
financing, Mr Pocock agreed that this was usually so when new works were
involved, but he had no evidence of financial advantage under other
circumstances. Waste water meters were usually of inadequate capacity
to indicate peak nodal demands, especially under summer conditions.

Mr Howarth's observations on levels of waste in the Far East were
most interesting, but, as water control was a labour intensive ac t i v i t y ,
the optimum balance of ef for t should, presumably, d i f fer in different
countries. Some information on waste control overseas had already been
collected on behalf of the International Water Supply Association.

Mr Pocock was pleased that Mr Morgan had recognized the import of his
comments on the relationship between metered charges and savings from waste
control. I t should, however, be recognized that money was not the only
factor; nearly every public enquiry was based on environmental arguments,
and he doubted whether neglected waste of metered water would be accepted
in court as an 'unavoidable cause' of fai lure to maintain statutory
pressures as specified in the 1945 Water Act.
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I*. ALTERNATIVE WASTE CONTROL METHODS

"You never know the worth of water until the well is dry"

(attributed to Benjamin Franklin)

By F Howarth T Er.g (CET) FIPHE, FESH, HBIM* and P Olner BSc

This paper examines alternative waste control methods, it
includes a note on the development of schemes for testing
and approval of fittings, an explanation of leak
correlation and various water saving devices, including
design of W.C pans and gives details of experiments which
have been carried out to demonstrate the effectiveness of
some of the devices. The Wesscx Regional Telemetry scheme
is described together with results achieved and the paper
concludes with a comment on how existing developments
could be advanced.

INTRODUCTION

There is no mystique to waste detection, and the results achieved in waste
eradication are in general proportional to the amount of effort put into
planning, tracing, sounding, locating and repairing. Mr John Pocock has
dealt with the traditional approach, this paper seeks to examine alternative
waste control methods in the light of technological developments and the need
to ensure maximum utilisation of both manpower and technical resources.
Historically speaking, waste detection has been a matter for concern since
waterworks were first established and throughout the 19th Century as
industrial development burgeoned and towns grew, so did the wastage from
water distribution systems. Reed (1) refers to an extract taken from a
report in The Times newspaper for August 2kth 1896. This followed a period
of prolonged drought in the capital and stated "Waste goes on mainly in three
ways, defective fittings, wanton carelessness and excessive use of garden
hoses". The report concluded "Whatever else is done in the way of increased
storage or fresh sources of supply, the constant service must be accompanied
by an effectual system of waste prevention". That statement is as true today
as it was in 1896. Since then, technology has moved on by leaps and bounds
yet the problem of wastage from the distribution system still remains.
However, there are heartening developments which enable better assessments to
be made not only of how much water is being wasted but perhaps more
importantly, the costs to eradicate such leakages are becoming better
understood. An earlier appreciation of the whole subject was given in 1957
by Gledhill (2).

* F Howarth is Regional Operations Engineer Wessex Water Authority

" P Olr.er is Electronics & Communications Engineer Wessex Water Authority
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EXAMINATION AND APPROVAL OF FITTINGS

Ingham (3) refers to the need for reminding the reader and the industry of
the aagnitude of the system beyond the stopcock. Whilst the numbers of
fittings in the UK are probably not so numerous as the myriad grains of sand
on the seashore, nevertheless we could be talking about 150 million plumbing
fittings. It is therefore opportune to consider these 150 million potential
points of leakage and following the adage "Prevention is better than cure",
examine the facilities available for ensuring fittings in the widest sense of
the word are at least approved for use and installed properly. I cannot at
this stage resist the temptation to include a quotation from the Worshipful
Company of Plumbers Ordinances for 1365.which stipulate that a plumber should
submit himself to examination so that "The trade might not be scandalised or
corr.nonality damaged or deceived by folk who do not know their trade". These
are timely words indeed and as true today as they were in 1365. This whole
topic has been considered by the Water Industry over many years and
arrangements for testing have ranged from very localised organisations to the
more formalised system operated by the former British Waterworks Association.

UNITED KINGDOM SITUATION

The Water Act of 1973 placed certain responsibilities on Regional Water
Authorities for testing and approval of water fittings and on the 26 October
1977, the National Water Council approved a scheme for the testing and
approval of water fittings pursuant to the Water Act of 1973.

The objects of this scheme are to make provision throughout the United
Kingdom for the assessment and testing of water fittings to ascertain whether
they comply with the byelaws for preventing waste, undue consumption, misuse
or contamination of water and with such other regulations as may be made from
time to time, and to establish such administrative, technical and financial
arrangements as may be appropriate. The organisation consists of the
Management Committee and the Technical Committee which is sub-divided into a
Fittings Assessment Panel (F.A.P) and a Test Criteria Panel (T.C.P). There
is one other Committee, namely the Consultative and Liaison Committee, which
includes not only members from the main Committee, but also outside
representatives from such organisations as the British Standards Institute,
National Brass Foundry Association, British Plastics Federation, Copper Tube
Fittings Manufacturers Association and others etc. The functions of the
Consultative and Liaison Committee are to consider any question relating to
or arising from the operation of the scheme and to make recommendations
thereon to the Management Committee or the Technical Committee as appropriate.
The scheme cane into force with effect from 1 January 1978 and the Committee
has recently published a completely new version of approved water fittings.
At the present time, the question of a suitable mark for National Water
Council approved fittings is under consideration and it is hoped that when
this has been accepted, it will be a very useful guide for inspectors in the
field to enable them to speedily determine whether or not a fitting is
approved. The whole concept of fittings as a source of leakage is one worthy
of study and Reed (1) reported that from an international examination of the
subject, 33% of total leakage was estimated to be from consumers fittings and
pipes on premises. The figure is even higher in the United Kingdom, over
h"\%. This may be in part due to the lack of domestic meters which in the
United States of America and Continent of Europe act as incentives to
consumers to effect economies by promptly repairing or replacing leaking
fittings, since by so doing, they can directly influence their water charge.
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FOREIGN FITTINGS

The number of foreign fittings arriving on the British market appears to be
increasing and whilst some are acceptable from a byelaws point of view,
there are others which have not been accepted by National Water Council. It
is when faced with non approved or non British standard fittings that great
care is essential to prevent the initiation of a potential problem in a few
years time.

LEAK CORRELATION

The latest development of a leak correlator has dramatically improved the
position in tracing difficult leaks. This instrument has been developed by
the Water Research Centre working in conjunction with the Electronics
Industry, and whilst traditional methods are successful in many cases, it is
in locating difficult leaks eg at road junctions where the correlator proves
its worth. Recently, in the Wessex Water Authority several long outstanding
leaks have been located and repaired, the most significant was occurring in
an old portion of a seaside town. It was known a leakage had been occurring
in this particular area probably for as long as three years, but repeated
efforts had failed to find it. Using the correlator the leak was pinpointed
to within half a metre and over the past few months, 93% of leaks located by
the correlator have been within this limit. The correlator has also been
used for more routine leak detection and over a period of 7 working days
detected 12 leakages which accounted for 7275 I/hour. Repairs by the Authority
amounted to £?70 and water saved as a result of the repairs, war, estimated to
i:oct over £?0C0 per annum. Had the correlator not been used in thin way, it
would have been necessary to undertake labour intensive conventional
operations which may or may not have been successful.

Method

Water escaping from a pressurised main generates a characteristic noise
which travels along the pipe in both directions from the point of leakage.
The level of noise will vary with the pipe size, type of fracture and
pressure but the velocity will be constant. The noise is detected and
converted into electrical signals by transducers placed either side of the
suspected leakage up to a maximum distance between the transducers of 250
metres. The comparison is achieved by electronically delaying one of the
signals and searching for similarity in the other. When the correlation is
achieved, a plotter shows a typical high amplitude pulse. The tine delay
for this pulse to be produced is measured by means of a calibrated time
trace. Cross correlation minimises the effect of noises other than the
continuous leak noise so tracing can be carried out in a very high ambient
noise situation which is one of the advantages of the technique which is
illustrated in figs I-1*.
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Fip 1 Typical Correlation Pulses
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In this system the relationship between distances D and L time
difference (Td) and velocity (V) is given by D=2L+(VxTd).

The time difference Td is given by the correlator and the distance D in
measured out using either a conventional measuring tape or preferably a
measuring wheel.

'Tec'".n i cal Description

The processor within the correlator has three main functions:-

(1) To time shift one signal with respect to the other by using a delay
line.

(2) Measure the cross correlation coefficient.

(3) To plot an output which enables the delay time to be measured when
maximum correlation occurs.

The processor enables one wave form to be compared with another one but
of different tine shifts looking for similarity of wave shape. The point of
maximum similarity is indicated by the maximum amplitude of the output plot,
this is known as a delay time. If one transducer is fixed making a reference
point and the second moved sequentially to other points (fittings on the
main), then a famly of these time delays will be obtained with different
times depending on the transducer spacing referred to the source of leakage.

CORRELATOR
OUTPUT

->-INCREASING TIME
OELAY

Fig 3 Typical Correlator Output

flottir.r: uio Lc-ik Position

Plotting the time delays obtained against the moving transducer position
for each correlated pair results in a typical diagram as shown. The point
of intersection of straight lines drawn through the plotted points, one
straight line passing through the reference microphone position, extended to
the detector position axis gives the leak position.
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DETECTOR POSITION
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Fie k Plotting the leak position
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W.C FLUSHING
WATER SAVING DEVICES

Although the recent byelaws permit the use of dual flush devices which allow
a half or full flush at the discretion of the user by either depressing the
flush control half or fully down, or by adjusting a dial indicator, there is
scope for the development of variable flushing devices. Work undertaken on
evaluating the amount of water saved by variable flush devices indicates
there are substantial savings to be made and one such experiment is detailed
later in the paper. The Building Research Establishment have developed a
variable flush device from a design of Mr Skevington which will flush from a
small quantity up to the full nine litres (two gallons) of normal cistern
capacity.

This simple device is likely to cost in the region of £1 and already one
Regional Water Authority is providing these free of charge to all households
who decide to take up the metering option. This larger experiment will
enable useful information to augment the existing experimental results. The
device is simple yet robust and easy to install and operate. It relies for
its effectiveness on breaking the siphon by introducing air after the
desired flush has been achieved, thus breaking the flow of water through the
siphon. The principle of variable flush devices is commended by the
Monopolies Commission in their recent report on Severn Trent Water Authority.

Brass link

Stainless steel
grub screws

Fig 5 Skevington/BRE valve
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plastic tube

Fig 6 Section through typical converted cistern
showing installation of variable flush unit

VARIABLE FLUSH STUDY - MELKSHAH

This study considered both types of devices although only the Skevington/BRE
valve is illustrated in this paper. Properties were chosen using a
systematic random sampling method, and then they were inspected to see if the
occupants were willing to participate so the necessary components could be
installed. Meters were fitted on the supply to each W.C and counters fixed
to record the number of flushes to individual W.C pans. Once installations
were completed, meters and counters were read weekly for a period of two
months prior to the actual conversion of the W.C cisterns in order to
determine the pre-experimental use of water for W.C flushing. The variable
flush units were then fitted and commissioned and each householder visited
after six months to see if any problems had arisen.

During the study the Building Research Establishment surveyed drains of
ten of the houses using a CCTV camera, conditions of drains were noted
immediately before the W.C's were converted and gradients measured. Twelve
months later they were inspected once more and there was no evidence of
blockages, and no drain blockages were reported by individual householders
taking part in the study.

Results

About 85% of W.C cisterns in the area under review were converted to
dual or variable flush operation using a simple device. Average domestic
consumption worked out at about 101* litres/hcad/day of which approx 39?= was
used in W.C flushing. The study showed up to ka% of W.C flushing water could
be saved amounting to about 15 litres/head/day. Since a number of cheap
robust valves are available to convert W.C cisterns the possibility of using
this conversion as an alternative to resource development is relevant.

<* 8
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IMPROVED DESIGN OF W.C PANS

Significant reductions in the amount of water needed to clear W.C pans can be
achieved by improving the basic design of the pan. Already one pan has been
approved by National Water Council for use in this country and this is
designed to clear solids using a six litre flush. Work is currently being
undertaken by BRE and others on W.C pans designed to clear using a three
litre flush. It is too early yet to forecast the outcome of these experiments
but early results are encouraging and particular attention is being given to
the effects on the sewer system. This approach can only be a very long term
solution and the short tern solution lies in the use of variable flush devices.
However, if the experiments demonstrate successful savings there is no reason
why all new property should not be fitted with three or six litre flushing
units commencing within the next few months, subject to any relaxation of
existing byelaws being considered necessary.

FREE TAP & BALL VALVE RtMASHERING

This service has been provided by some undertakings for many years but due to
labour and transport costs, it appears in some instances to be being phased
out. Whilst it is sometimes difficult and expensive to re-washer ball valves,
cold direct mains taps are a fruitful source of wastage, indeed Middleton (5)
noted "That there are few houses in which one or more taps do not drip and a
dripping tap may rr.ean as much as the loss of ten gallons C+5 litres) of water
a night, whilst the useless and pernicious waste of water in gardens for no
purpose is deplored". This topic is covered in some detail by Ingham' (3) and
so I riust not pre eir.pt what he has to say other than to add, if it can be
shown to be advantageous on cost grounds, then this can be a worthwhile
exercise. However, r.uch depends on the value of the water saved. In a
simple gravity system, it may not be justifiable on cost grounds to provide
a free service but a pumped syster. could show a very different result.
However there are other benefits not solely related to cost, the presence of
ar. inspector meeting consumers in their home is a valuable PR interface with
our consumers whom we seek to serve and it also provides a facility for the
inspector to see other problems, and not least it reminds the consumer that
as an industry we care about wasted water. It is all part of the development
of an image which in the opinion of the authors is well worth fostering.

PROVISION OF SPRAY TAPS

Spray taps are an effective way of cutting down on water use particularly in
office and industrial situations. These should be incorporated along with
other devices such as timing devices for urinal flushing and showers etc.
Unfortunately in the domestic situation there is little inducement for
economy in water use for various domestic appliances although this position
may change as household metering gets under way. Washing machines,
dishwashers, waste disposal units and water softeners are all potentially
prolific water users and it is suggested that good housekeeping could be
encouraged by issuing all approved machines with a design centre type of
award indicated by a suitably designed eye catching label. This could be a
selling point for the particular appliance along with and running
complementary to National Water Council approval.
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HOUSEHOLD Mf.TERING

The introduction of household metering has been primarily brought about on
equity grounds, but it is likely to have some effect on water consumption if
the take-up is significant. High peaks of summer demand would then be paid
for instead of being virtually free as they have been up to now. However, it
is far too early to make any quantitative forecast of what the real effect is
likely to be on the demand position, although enquiry abroad does indicate
that savings occur.

FLOW RESTRICTING DEVICES

A water flow restricting device for insertion in taps has been patented by
one of the members of staff of Wessex Water Authority and although this
device is not yet in commercial production it is indicative of the ingenuity
which people are prepared to bring to the subject of water economy. Without
doubt, the great drought of 1976 focused consumers attention on the subject
and rising costs generally have brought home to people the need to economise.

TELfflKfRY

One of the most significant recent contributions in the field of alternative
methods of waste control in the Wessex Water Authority has been the
development of the regional telemetry scheme. Wessex has had a telemetry
system of some form for many years but it was not until 1978, that it embarked
on a scheme which was designed on a regional basis. The Wessex Region is
managed on a multi-functional basis and the telemetry scheme reflects this
by providing facilities for:-

(a) Management of water supply resources;

(b) Management of water supply distribution;

(c) Monitoring of sewerage disposal;

(d) Flood warning;

(e) Water quality monitoring;

Initially three areas (Chippenhan, Dorchester and Taunton) were
included in the scheme. In each of these areas, new instrumentation, control
valves and systems have and are continuing to be evaluated to enable the
most advantageous developments to go forward on further expansion of the
system.

The scheme has been designed on the basis that a telemetry master station
is established in each area control room with communication links to remote
plant from monitoring and control data. Information is displayed at each
area control with similar information displayed at the appropriate divisional
office and Regional Operations Centre where control facilities are also
available.

During normal hours the areas control their own system and set operating
patterns and limits. At the end of each working day full monitoring and
control of the systems is switched to the Regional Headquarters, Bristol,
where the Regional Operations Centre is manned 21* hours a day - throughout
the year.

10
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The Area Control Centre equipment is a single mini-computer configuration
which controls the telemetry equipment, evaluates collected data, reports
exceptions, displays on demand all primary and derived data, together with
summaries and trend analysis on a half hourly and daily basis. In addition
it allows remote manual and automatic control of various pumping and
distribution operations in the system.

Initially, there will be up to 40 outstations (remote plant units) in
each area, ranging from single point facilities at pressure measuring points
to multi-range facilities at pumping stations. The distribution system is
sub-divided into zones for control and monitoring purposes with remotely
controlled valves regulating flow and pressure.

By providing remote monitoring and control, the Regional Telemetry
Scheme gives Operations Staff an indication of potential problems which
enables remedial action to be taken in good time. This means the Authority
is able to provide a better service for the consumer and reduce costs by
efficient pumping, pressure control and waste reduction.

A NFW LOOK AT PRESSURE REDUCTION

Gledhill (2) stated "Excess pressure means waste" and this without doubt has
been proved on countless occasions over the years. During the design stage
of the regional teler.etry scheme, it was decided to select a zone in both
Dorchester and Taunton areas for the installation of control valves, with the
object of controlling distribution pressures and waste. Network analysis was
used to select the best location for the valves and also the critical
locations for the installation of control (and monitoring) pressure measuring
instruments. Valves were installed on the three trunk mains serving the
area which in the case of Dorchester included the seaside town of Weymouth.
This has a mixed distribution system, some of it dating back into early
Georgian times. Inter-linking of the trunk mains within the zone is shown in
Fig 7. In Taunton the zone selected was further divided into six sub zones
and each sub zone provided with a single valve on the main serving that area.
Each sub zone was thus isolated, see Fig 8. Different types of valve were
selected for evaluation - Eccentric plug with electric actuators in Weymouth
and conventional weighted (spring loaded) p.r.v's with hydraulic actuators in
Taunton.

METHOD OF CONTROL

The method of pressure control adopted was "closed loop control through the
teler.etry computer" (fig 9).

Pressure is monitored at a remote point in the distribution system and
the pressure value telemetered back to the area control centre where the
measured and desired values are compared. Any discrepancy between measured
and desired value results in a corrective control action being telemetered to
the valve site where the valve is inched, "open" or "closed". Corrective
actions are issued every minute. An important feature of the system employed
is the facility to rrake the desired value, time variable and easily modifiable
bv the supply engineer at the area office. Thus the desired value profile
can be tuned to cater for day and night-time variations. In addition, there
is a facility to have a different desired value pattern for each day of the
week.

11
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In the Weymouth area the pressure is maintained within 1m of the desired
value. To prevent valves over-compensating (hunting) the valves are allocated
a pressure band outside which they will operate ie one valve will operate for
a discrepancy of 1m, two valves for a discrepancy of ?m, all three valves
outside limits, 3m. The order of valve operation is easily selected by the
supply engineer from the area office.

An alarm is initiated if the pressure deviates by 5% from the desired
pattern.

Results

The results to date are most encouraging. The "night line" for Weymouth,
which suffers frorr r.any very old and poor condition pipes and services, has
been reduced from 14.k to 6.1 litres/property/hour and the average daily
consumption has been reduced by 10%. In addition, the number of burst mains
has fallen by about 50$. The result has been a saving of about £9000 per
annum on pumping and repair costs.

In Taunton the "night line" has shown similar reductions (5790 with the
average daily demand reduced by 5-3%»

Son:e problems have been encountered with the valves and actuators in
Tau-ton and alternatives are being considered. The performance of the
eccentric plug valves in Weymouth has been generally satisfactory.

Alternative forms of control have also been adopted which er.ploy closed
control through local instrumentation. These are mentioned below and the
second system may be employed where comprehensive telemetry facilities are
not available.

(a) Pressure is monitored at a remote point in the distribution system
and the pressure value relayed to the valve location and forms an
input to a 2 term controller. The desired value is telemetered
from the area control centre to the outstation and forms the
reference input into the controller. The discrepancy between the
measured and desired values initiates rectifying controls to the
valve.

(b) Pressure is monitored at a remote point in the distribution system
and is relayed to the valve location and forms an input into a
controller. Within the controller is a programmed pattern of
desired pressures for the 2h hour period. The discrepancy between
pleasured and programmed values initiates rectifying controls to the
valve.

FUTURE DEVELOPMENTS

The advancement made in computer based telemetry schemes presents a real
opportunity to prasp the vexed question of Unaccounted for Water levels
throughout the water industry. Could competitive business for example put
up vith losinr 25 to 30:'.: of its basic product. V.'e venture to suggest this is
dou'otful. Telemetry gives the water engineer a ready means of adjusting the
syste": to his requirements. For example minimur. pressures at a given point
can he set and the telemetry programmed to make the most economical use of
sources and determine how the distribution system should run. By noting
trends on various areas of the syste:::, it is possible to deplov waste gangs
to concentrate effort where the need is greatest.
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Traditionally methods of waste detection have demanded paper orientated
systems, but much of this can now be eliminated by the use of visual display
units and disc storage. If this equipment is coupled to a map digitising
system it all adds 'jp to a most effective unit which can be controlled with
minimum effort. Obviously the system will respond to what is built into the
programme, and it is in the field of programming where some research would
pay off. It is perhaps not too far fetched to consider waste detection,
particularly in determining what is lost from the system being controlled
from a central control without having to undertake labour intensive meter
reading. I hasten to add this near Utopian situation, where the demand is
programmed into a computerised telemetry system which runs itself until it
calls itself for action, is not with us yet. However it is fair to say
telemetry has already shown what can be achieved and that it is a formidable
ally in the fight to control waste.

Is it expensive? It all depends how you as the engineer "value" waste.

A further useful avenue to explore is the installation of variable flush
devices, perhaps one way to get these brought to the attention of the public
is to issue them free of 'charge as referred to earlier. Further
development of the Leak Correlator particularly in the presentation of results
is yet another area worthy of further study.

Attention should be given to meter accuracy particularly at low flows,
because unaccounted for water levels in which there is a large element of
metering could in reality be higher than the measurements indicate. 'This is
a basic issue which must be resolved if we are to arrive at a uniform and
reasonably reliable method for calculating amounts of unaccounted for water.

To sum up, there have been considerable advances in waste detection
over the past few years, and providing resources are available to invest in
a concentrated attack on leakage,the next decade and indeed up to the end of
the century should enable a dramatic reduction to be achieved in reducing
the amount of water running to waste.
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DISCUSSION

Authors' introduct ion

Mr Howarth said that the aim of the paper had been to show some areas of
waste control in which advances were being made. Nationally the NWC/DoE
report number 26 had directed at tent ion to the subject and pointed a way
forward. The NWC f i t t i n g s approval scheme was also proving very he lp fu l .
Although f i t t i n g s had to be marked by the manufacturers, inspectors s t i l l
needed to possess Houdini- l ike character is t ics to iden t i f y the appropriate
markings on ins ta l led f i t t i n g s , and i t was to be hoped that a National
Water Council mark of approval would be granted as quickly as possible.
In the paper reference had been made to f lushing and various other water
saving devices, pa r t i cu la r l y low volume f lush un i t s , which could be f i t t e d
in new properties now i f arch i tects and bui lders could be persuaded to
do so. Metering of households might be an a l ternat ive method of
cont ro l l ing waste. For example, Wessex offered an option to meter to a l l
households from the 1 Apr i l 1981 and to date 2,000 options had been taken
up out of a possible 34,000 proper t ies, where in the opinion of the
authors, the consumers would benef i t . As the benefits became more widely
known metering might begin to have a s ign i f i can t e f fec t on water conservation,
although i t must be made clear tha t metering was introduced in the domestic
sector largely on grounds of equ i ty , and i t was much too early to draw f irm
conclusions. With the Wessex metering packs each consumer was given two
variable f lush devices free of charge a f te r deciding to take up the meter
opt ion.

One of the most s ign i f i can t technological developments in recent years
had been the leak cor re la tor . This machine had taken much of the estimation
out of the leak detection process and put the a r t of leak detection on to a
more sc i en t i f i c foot ing. However, the authors did not wish to minimize the
excellent work which had been and continued to be done using more t rad i t iona l
methods. For example, wooden cupped l i s t i n g st icks were s t i l l used, but
fo r more d i f f i c u l t leaks the Authori ty now had the advantages of leak
corre la t ion. The instrument was housed in a walk- in type vehicle and was
operated by one or two men. Maintenance of the corre la tor was undertaken
by a member of the Author i ty 's s t a f f who had been trained by the manufacturer.
The next step could well be to develop the cor re la tor s t i l l fur ther by
making i t more portable and s impl i fy ing the presentation of data, possibly
in the form of a d i g i t a l read-out.

To use the cor re la tor e f f e c t i v e l y , good plans of the d is t r ibu t ion
network were v i t a l . I f the main had been o f fse t or la id under sewers for
example i t was very important to work out the e f fec t ive length of the main
at ground level in order to obtain accurate resu l ts . The method was
extremely accurate and an analysis of the l as t 100 leaks had shown that 60
were pinpointed accurately, 29 were wi th in one metre of the posi t ion
indicated, and the balance were wi th in one to two metres. In fact the
number of occasions when a miss was scored were very few.

Mr Saxton in his ea r l i e r paper had referred to source replacements of
up to £200,000 per tcmd of y i e l d and i t was obvious very substantial sums
of noney would be necessary to replace decaying d i s t r i bu t i on systems. In
one small area of Wessex alone over £4m would be needed to replace mains
over the next few years and i f these f igures were extended across the
country, even an opt imis t ic ca lcu lat ion would show vast expenditure was
necessary. Therefore in the opinion of the authors a good case could be
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made out for waste control particularly using alternative methods which had
been developed in the l ight of modern technology, but calculations must be
done f i r s t to see where the best return on investment can be made.

Mr Olner explained that telemetry provided the fac i l i t y to monitor plant
conditions and performance, and display data from that plant at a central
point. In addition, schemes enabled remote actions to be carried out on
the monitored plant. Thus, the generic term 'telemetry' covered
telemeasurements, telesignalling, and tele-control.

To provide the abi l i ty to remotely monitor plant i t had been necessary
to instal new instrumentation, although a large proportion of this would
have been necessary even without a sophisticated telemetry system connected
to i t . Electromagnetic flow meters engineered to provide high turndown
ratios were installed together with electronic level measuring devices to
provide high resolution and repeatable measurement of reservoir levels.
These devices along with others were linked into the telemetry systems and
measured data displayed on colour VDU screens.

The abi l i ty to monitor the system through telemetry and provide accurate
data on variations in flows and pressures in individual distribution zones
enabled areas where waste detection efforts should be concentrated to be
highlighted.

To faci l i tate the application of telemetry to pressure regulation the
distribution system had been divided into zones and subzones. Network
analysis was carried out on the zones to determine:

(a) the locations where pressure measurement would be most
c r i t i ca l ;

(b) the locations where regulating valves would be most
effective.

An installation in Taunton had a main feed from the service reservoir split
into three subzones. Control and bypass valves were installed together
with flowmeters. Within each subzone a controlling pressure monitor was
installed. The distances between sites forming each of these zone systems
could be many miles. All the information from each site was relayed back
to the Taunton control centre. The zone pressure was compared with the
desired pressure and corrective actions issued by the telemetry computer
to the control valves.

A similar installation was in Weymouth part of the Dorchester Area
except that here within one zone there were three valves controlling the
one zone. Several pressure monitors were installed and one selected to
act as the control reference. This selection was flexible and could
easily be modified within the computer by the supply engineer. Figure 7
showed part of the distribution system where the measured pressure points
were P6, P7, and P8; P8 being the defined control reference. Without
control it was shown that the pressures were variable and at P8 the
pressure at night reached 34m whilst during the day it dropped to 20m.
Analysis and actual operating trials had shown that 16m was an acceptable
operating pressure and consistent with meeting Wessex Standards of Service.
During the day in summer months to meet the higher demand this pressure
was increased to 22m. The desired 'pattern' was entered into the system
by the supply engineer, the period of change from day to night operation
defined and the system automatically controlling to that operating pattern.
Figure 10 showed the situation before and after pressure control was applied.
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The use of telemetry to operate the control procedure enabled
modification to operating patterns to be incorporated easily and kept
local plant equipment simple. Various other control systems were being
developed and used in Wessex where there were only simple links between
instruments and valve controllers. However, Mr Olner emphasised that
when operating the system close to minimum acceptable pressures, monitoring
over a telemetry scheme was desirable, not to say essential.

He concluded, by saying that he trusted that they had been able to
demonstrate there were systems available which could reduce water losses
but they were aware that in some areas the expense of detection or of
control might not equate favourably with the savings achieved. With the
increasing cost of water resources they must be continuously looking for
improvements, and what might have only a marqinal benefit now could become
a significant investment for the future.

Discussion

R. HUNTINGTON (Wessex Water Authority) in opening the discussion congratulated
the authors on providing a thought provoking paper ranging from basics to
the sophisticated use of electronics as an aid to waste control. He
suggested that for successful control of waste, a l l undertakings needed to
choose a judicious mixture of established practices and the newer techniques
now becoming available. However, no matter what systems were used, results
would not be fu l l y effective unless there was optimum staff commitment and
this would not be forthcoming unless management deliberately spent time and
effort on fostering and maintaining good communications and, not least,
dealing with operators' worries relating to the effect of newer techniques
on jobs. The authors' views on th is , not least the impact on jobs and
work patterns, would be appreciated.

Manpower was expensive and any method of waste control which required
minimal labout must be given careful consideration: pressure control
certainly fe l l into this category. Well t r ied and tested mechanical
pressure reduction valves had their l imitations in that they operated on
the principle of providing a fixed pressure downstream of the valve, which
was high enough to maintain the minimum acceptable pressure to cover peak
demand periods. At a l l other times pressure was in excess of requirements.
This l imitat ion was not true of telemetry controlled networks in which
pressures at sensitive points were relayed to a control monitor, which then
transmitted a command signal to adjust valves and keep pressure at a
required level. A development of this system was a 'stand alone' electronic
pressure control valve, which could be installed anywhere in a distribution
system without telemetry l inks. Such a system needed to be programmed to
match an area's individual requirements and s t i l l be able to open up
automatically to meet legitimate needs such as f i re f ight ing. A careful
choice of valve location could result in beneficial adjustment to pressure
over a wide area.

The choice of valve was important; the ideal was a valve which had an
approximately linear relationship between opening and flow. The choice of
potentiometer also needed care. The small additional expense resulting
from the use of a good potentiometer able to match duty requirements was
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well worthwhile.

Wessex Water Authority had recently developed a 'stand alone'
electronic control valve and had just embarked on a series of t r ia ls to
ascertain i ts effectiveness. Early results were encouraging in that
reductions of 15 to 19m were being achieved in an area during high
pressure periods, with reductions in daily consumption better than 10%.
Capital costs would be repaid by savings in operating costs over a period
of two years.

Switching now to more basic matters, Mr Huntington said he thought he
was right in saying that no mention had been made in any of the papers
about pipe jo ints. This was rather surprising, because as far as leaks
were concerned, this was the most vulnerable part of most pipelines now
being la id . The use of rubber ring joints had many advantages, but were
present joints l ikely to store up troubles for the future? He thought
the answer was 'yes'. Perhaps a hundred year l i f e could be visualized
for pipe materials, but excessive leakage from rubber joints would have
necessitated pipeline replacement long before the pipes themselves had
reached the end of their useful l i f e . Surely the industry should be
actively engaged on urgent research aimed at developing joints which would
have a l i f e expectancy comparable to the pipes themselves. He said that
consumers were deriving benefit from the good engineering of water engineers
who practised their sk i l ls 30 to 100 years ago, and questioned the size of
capital programmes without such an inheritance. Should present engineers
show their thanks by handing down serious troubles to those who follow?
Joint costs were about 1% of the overall cost of a pipelines, but i t was
the single most important factor affecting overall l i f e expectancy.
Doubling or trebling jo in t costs would have minimal impact on overall
pipeline costs, but good designs could have a major impact on length of
useful l i f e . The industry should not be misled by the fashionable financial
and net present value calculations which tended to be used to counter good
engineering judgment. I t was suggested that the problem was worthy of
the Water Research Centre's attention.

Getting down to basics, i t was regularly assumed that the standard
to i le t flush was 91 (2gal l) , but what percentage of to i le t cisterns produced
a flush in excess of this? A water level 15mm in excess of the standard
resulted in flushes being about 12% in excess of the required 91. I f the
public could be educated to ensure that water levels in cisterns were not
allowed to increase as washers bedded i n , there would be a substantial
saving in water usage.

Finally, he asked the authors whether they had achieved success using
the leak correlator for plastic mains and what l imitat ions, i f any, they
had found?

D.L. THOMAS (North West Water Authority) said that following the publication
of the Standing Technical Committee Report No.26, an extensive study was
undertaken in his authority to determine the current level of leakage and
the most economic control method for any zone. The study started in June
1980 and took nine months. I t involved considerable staff time with each
of the seven dual-purpose Divisions using an average one qualified engineer
assisted by waste engineers, technicians, supervisors and NTIC operatives
when necessary. In the 290 supply zones covered, which varied in size
from a few hundred to several thousands of properties, the physical
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measurement of the net night flows was undertaken involving service
reservoir drop tests and extensive meter readings. Approximately 2.5m
properties were included representing 85% of the to ta l .

The results showed that of the average of 2450Ml/day supplied, some
835Ml/day (representing 34%) was lost through leakage. This figure was
increasing and bearing in mind the age and condition of the system, i t
was unlikely that i t would be possible to save the major proportions.
However, i t was essential that this leakage was kept to the economic
minimum. I t would (at present) be economical to reduce the level by
some 10% of the total water supplied or 30% of the leakage. To
achieve th is , however, would involve an i n i t i a l expenditure of £4.5m
(QZ,1980 prices) to set up the control methods; the work comprising
the planning and checking of new metered zones together with the
installation of meters, (including extensive work on the distribution
system to fac i l i ta te th i s ) , location and repair of the backlog of leaks.
I t was estimated that the effect on the net night flow would be to reduce
the regional figure from 16.75 to 11.661/prop/h. Ultimately, however,
when considering detection costs versus costs of water saved, i t was
estimated that (again at Q2, 1980 prices) some £1.5m per annum could be
saved on revenue budget. This figure took into account the additional
manpower (estimated 60 posts) required to achieve the end results,
whether that manpower be in detection or repair personnel. The lat ter
group were of v i ta l importance as unless they had the resources to repair
the leaks, i t really was pointless expending considerable effort in
finding them in the f i r s t place. Table I showed the existing and
predicted situations. I n i t i a l l y the Authority had approved an allocation
of £l.lm for a two year period to concentrate on the worst (from an
economic view) zones f i r s t . Subject to achievement and s t r i c t performance
monitoring of results and costs, further allocations might be forthcoming.
This guarded approval was caused by the concern on whether or not the
empirical graph (shown on p5.4 of Mr Ingham's paper) which predicted the
level to which leakage could be reduced, was applicable to the north, west.

The authors had given some results of their experience in the use of
the leak noise correlator. One such unit had been operating in the north
west since September 1980 and after considerable teething problems was now
obtaining a 70% success rate for correlation with 90% of these locating
bursts within an acceptable margin. Such was the success that a further
three units were being purchased. The authors' views were requested on
whether the correlator should be used in a l l cases prior to excavation or
should conventional sounding techniques be used with the correlator being
used after the excavation of the f i r s t 'dry hole'.

To conclude, congratulations were due to the authors on an excellent
paper and in particular the pressure control method. What was the size
of the zones in Taunton and Weymouth where the method had been employed;
how long did they take to set up; and how much did i t cost?
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Table I Leakage control in North West Water Authority (upper f igure - exist ing
s i tua t ion ; lower f igure - possible ultimate solution)

Division Number of
properties
covered by
study

Total Average net Percentage of properties subject t o :
leakage, night f low, Passive Regular D is t r i c t Waste Combined
Ml/year 1/property/h. control sounding metering metering metering

Northern

Ribble

Pennine

Western

Eastern

Central

Southern

Regional
tota l

132,652

402,854

405,258

416,080

559,478

267,276

309,667

2,493,265

13,083
11,378
51,029
23,352

52,039
34,682

83,038
60,721

40,840
44,890

32,608
15,766

32,213
19,476

304,850
212,265

13.51
11.75

17.35
8.62

17.59
11.72

27.34
19.99

10.00
10.99

16.71
8.08

14.25
8.61

16.75
11.66

8
4

56
1

29

26
20

14
2

71
1

37
1

33.14
4.10

15

-

45
6

_

4

_

25

11.46
1.91

47
52

39

45

16

90

63

18
53

6.59
52.70

30
14
44

9

26
4

74

86
1

21
7

18
13

48.55
5.69

30

51

45

64

3

29

2
33
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35.60
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D. BEAL (Wessex Water Authority) commented on his Authority's experience
with the leak noise correlator and described the factors that were taken
into account when the decision was taken to further increase the number in
use. I t had enabled the productivity of the reduced numbers of waste
department staff to be improved signif icantly as leakage was found more
quickly. One man operated the correlator and coordinated the work with
usually one other operator instal l ing microphones. The investigation
was normally carried out during normal working hours. Time spent on the
essential work of step testing and laborious direct sounding was minimized.
In this way i t had been possible to reduce labour costs.

Particular consideration had been given to ensuring that the correlator
was regarded as part of the normal range of techniques available to waste
staff and not as complex equipment operated by specialists. A further
reduction in the equipment size and simplification would in future even
further improve i ts f l ex ib i l i t y .

The operatives of the Waste Department had generally adopted leak
noise correlation with enthusiasm and their confidence had grown with i ts
obvious success in finding leakage when compared to conventional methods.
I t had been used successfully in those areas not so far covered by waste
metering and in those with high ambient noise levels which prevented direct
sounding from being used. I t had enabled cross connections in older,
poorly recorded mains networks to be rediscovered. Blanket application
across extensive areas had been achieved with speed and effectiveness by
quickly leapfrogging the microphones along mains. Some of those night
lines which had failed to respond to numerous previous attempts by
conventional methods had been rapidly improved by leak noise correlation
investigation.

Increasingly the correlator was being used in those emergencies where
supplies to consumers had been interrupted by a burst main that was
d i f f i cu l t to locate. Where there was a limited supply of water available
to locate the leakage, particularly in remote isolated systems or extensive
rural areas, the time required to restore supplies could be protracted.
The correlator could often speed up the process of elimination and as a
result i t could be said that the standard of service to the consumer had
been significantly improved.

The Authority was evaluating carefully the cost benefit of the
correlator. This process of comparison was being carried out over an
extended period as i t was obviously not possible to determine individually
for any leak how the effectiveness of the Waste Department had been
improved by use of the correlator. The technique was particularly suited
to urban areas where there was abundant access to the mains through numerous
valves and hydrants and where there was metal pipework which easily trans-
mitted noise. The conditions generally applied to the older parts of the
network which were usually most prone to leakage. Mr Beal reiterated the
earlier speakers' comments concerning the d i f f i cu l t ies in i n i t i a l l y tracing
and then locating leaking in PVC and asbestos cement pipes and polythene
services when using a correlator.
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T.J. WATSON (Severn-Trent Water Authority) said that the way in which
Wessex Water Authority had applied modern telemetry techniques to reduce
leakage was most interesting, especially the method concerning the control
of pressure by telemetry means. The microchip really had changed
everything. For the f i r s t time the water industry had the prospect of
factual interrogation and control right across i ts distribution mains
systems. In addition to treatment works, reservoirs, and pumping stations,
i t was now possible to obtain pressures and flows from key junctions and
nodes on the mains system i t se l f , on a continuous basis at low cost. This
was the important difference because unti l now, pressure and flow recordings
had been a matter of setting up instruments and recording charts, and
manual interpretation of those charts at a later date. So many times the
period chosen for the recording had missed a vi tal pressure or flow by a
few hours; and so many times the recording needle had failed to register;
and, of course, every exercise of this kind was expensive in manpower.
The application of telemetry, backed up computer analysis, had to be the
way forward for the water industry in waste detection.

Telemetry outstations, transmitting by cable or radio, could be
established easily enough at points adjacent to an e lectr ic i ty supply and
they could also be set up for transmission of information via public
telephone systems. However, very often a junction of hydraulic importance
on the water mains system was remote from both e lect r ic i ty and telephone
links, and i t was for cases l ike this that Severn-Trent's Avon Division had
developed an electronic module system which is thought to have great
potential. Fig.11 shows how this module system worked. I t consisted of
a portable waterproof solid-state recorder (cost approximately £400)
containing four standard HP batteries, and a plug-in data module (costing
about £250) also of the solid-state type. The device was connected to a
rotary flow meter from which i t picked up and remembered pulse signals on a
time base.

Typically, flows every 10 minutes for a week or a fortnight would be
recorded, at the end of which period the module was removed and brought
back to the computer off ice. A software programme had been developed
which would print out the recorded flows to show their d ig i ta l value
together with an analogue (histogram) which was essentially a waste meter
chart. Thus, seven or fourteen days variation of flow was known in detail
for every point monitored and a bank of information, available on demand,
could be bui l t up on the computer f i l es . The Division was now at work
to record pressure information in a similar manner.

This continuous data on how the distribution system behaved was
important for a l l facets of i ts operation, maintenance, and development.
Network analysis, growth, and change of demand, shortages, low pressure
areas etc. may a l l be studied in addition to waste and leakage detection.
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J.A. YOUNG (Wessex Water Authority) said that he was interested in Mr Watson's
solid-state device for transmitting pressure and flow information. As part
of the Wessex network analysis exercise they had found i t necessary to
develop similar equipment because of the inaccuracy and unrel iabi l i ty of
commercially available equipment. Their f i r s t recorder was based on a
standard cassette tape, but although the recorder worked perfectly
satisfactori ly there had been trouble with breaking and snarling of the
cassette tapes, and they had now gone over to a fu l l microchip system which
could be plugged directly into the computer for analysis of results.

R.J. ELAM (Anglian Water Authority) said that there were two projects
currently being undertaken in the new city of Milton Keynes which involved
modern technology and would, i t was hoped, produce better waste control
methods.

The f i r s t related to remote meter reading. There were currently two
systems being developed for the two-way transmission of data from customers'
e lec t r ic i ty , gas and water meters. The f i r s t of these used electr ic i ty
mains as the communication medium: a f ie ld t r i a l of this system would take
place in 1982 in Milton Keynes and London. Water meters were currently
being installed in the two Milton Keynes t r i a l sites. The second system
used telephone lines to transmit signals and would also be on t r i a l in 1982.
Although both systems were being developed around the fac i l i t y for remote
meter reading, one of the main benefits as far as the water industry was
concerned was l ike ly to arise from improved leak detection. Both systems
could be used to rapidly detect leakage downstream of the meters by reading
the meters at night. By looking for changes between these readings and
the consumption on a master meter also linked into the system, distribution
system leakage might also be detected much sooner than was currently possible.
At the request of the National Water Council, the Water Research Centre was
currently evaluating both of these systems.

The second project related to the remote control of waste meter
d is t r ic ts . The new city of Milton Keynes had been bui l t on a lkm grid
square basis and water mains laid along the grid squares had had cables
laid alongside them and routed back to the control room for the Milton
Keynes area. At the control room there was already in existence a computer
driven telemetry scheme providing control for pumps and reservoir levels,
and the proposed scheme would provide for operation of remote control valves
at node points on the grid mains system. Waste areas would be set up
using a computer programme to shut down mains as in a normal step test,
and flow information, provided by meters at the node points, would be
monitored and recorded at the control room. I t was hoped that the labour
saved in the automatic shut down of mains for step tests could then be
concentrated on finding leakages and, in addition, there would be the
fac i l i t y for continuous monitoring, should this be thought to be necessary.
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S.J. GOODWIN (Water Research Centre) wrote that he was extremely interested
in the use of the Wessex telemetry scheme to improve the control of pressure
in the distribution system. Over the past few years the Water Research
Centre, working in conjunction with the Working Group on Waste of Water had
carried out a substantial amount of work on the effect of pressure reduction
on net night flows. It was found that this effect was much greater than
would be supposed from applying the square root law for flow through an
orifice, and that by the use of a simple curve the effect of a given pressure
reduction could be estimated enabling the likely benefit of that reduction
to be weighed against the cost of achieving it. This work has been reported
both in DoE/NWC Report No.26 'Leakage Control Policy and Practice' and in
WRC Technical Report No.154. He would be interested to learn from the
authors whether the reductions in leakage (net night flows) quoted in the
paper fell in line with the results quoted in the above documents and also
whether the additional reduction in leakage brought about by controlling
pressure at a remote point rather than at the pressure reducing valve was
sufficient to justify the expenditure on the equipment and communication
links at that remote point.

Authors' reply to discussion

The authors agreed with Mr. Huntington that the question of joint reliability
was of great importance. Already in the Wessex area there was some evidence
that biological degradation of rubber joint rings had occurred. In some
cases joints on mains were leaking after being laid a relatively short time
in relation to the 100 years life quoted for pipelines. Some research had
been undertaken by the Water Research Centre and resulting from this,
manufacturers were in the process of introducing synthetic rubber rings to a
special formulation which should not be subject to attack. It remained to be
seen how successful these would be in service, but under experimental con-
ditions encouraging results had been obtained. In the present financial
situation it was unlikely that undertakings would be able to replace all
joints on a defective system although this might be cheaper in the long term
than repairing as and when the situation arose.

A good case could be made out for education through good public
relations of all aspects of water economy. Whilst savings could be signifi-
cant, undoubtedly a longer term return would be given by paying more
attention to the amount of water needed to clear a WC pan of solids. The new
61 WC unit which was now available had much to commend it. This needed to be
advertised so that architects and builders could begin to incorporate it in
new property now. Water undertakings could also make it know that there were
new WC pans on the market.

Although the leak correlator had proved a very useful tool in the fight
against waste and new developments on this instrument were awaited with
interest, the authors considered its use on plastic pipes had been rather
disappointing insofar that they had only had limited success in tracing leak-
ages on new PVC mains and service. This aspect was something which was worth
following up in any development of the correlation unit.

The authors agreed with Mr. Huntington's comments on the importance of
staff commitment. Operations staff working with the instrumentation
technicians and engineers were and continued to be involved in the install-
ation and maintenance of the systems. Telemetry had been viewed with
suspicion but generally it had been found that by informing and involving
both office staff and field operatives of what the telemetry was doing they
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had accepted and often welcomed its incorporation. The control rooms had be-
come the focal point of the Areas' day time operation, with responsibility for
the telemetry operations and also the radio with the ability to handle in-
cidents, emergencies, and, most importantly, consumer queries. Operatives as
well as senior staff had access to the control room, and rota systems in which
more senior staff were included had helped to give all staff an involvement
and appreciation of operations which were previously outside their normal
duties.

Mr. Huntington's consideration on the 'stand alone' electronic control
valve indicated the extensive developments being made within the Authority.
In addition, control valve packages being employed in another of the divisions
of Wessex Water involved the investment of £225,000 on 30 control valves with
telemetry links resulting in an expected saving of 10% in energy.

The authors agreed with Mr. Thomas that there was no point in just find-
ing leaks if resources were not available to repair them, and each area needed
careful economic evaluation to see whether or not the advantages justified the
cost of achievement. The approach of the North West Water Authority in con-
centrating effort where the need was greatest had much to commend it, but the
authors considered that other parameters needed to be built into the equation:
for example it might not be economic to undertake work in some areas but if
the pressures in the system were very low and consumers were experiencing real
supply problems there might be no alternative. Report number 26 was very use-
ful in setting out the economic factors and considerations to be investigated
before setting up a detailed method of waste detection.

In regard to correlator techniques the authors considered conventional
sounding techniques should be used and correlation used for more difficult
leaks, e.g. those which conventional sounding techniques had failed to reveal.
Bringing in the leak correlator after the first dry hole had been discovered
seemed to be a good starting point for the introduction of leak correlation
and the authors would concur with this approach.

Supply zones varied in size from 14Ml/d for Dorchester to lHl/d for the
sub-zones in Taunton. The times for implementation were in the order of two
years from the placing of order to take-over of the telemetry system which
included the Incorporation of new techniques and automatic operation to meet
the Authority's requirements. Site works involving valve and pressure monitors
were installed and commissioned in parallel with the telemetry procurement.
Costs for control sites ranged from £*,000 to £8,000.

The authors thanked Mr. Watson for his comments on their paper and heard
with interest the developments being pursued within Severn-Trent, Wessex
Water Authority had developed over the last several years pressure monitors
using electronic recording that could be applied to any transducer system.
Information could be recorded at 20s intervals for up to 2*h or, by extending
the interval, for up to a period of a week. These units were self powered
using re-chargeable cells and linked to a processor system back in the office
for analysis. These units were used in the network analysis from which the
critical points were selected for continuous monitoring by the telemetry
systems.

The information provided by Mr. Elam was of considerable interest and the
authors hoped that when results were obtained these would be made available to
other undertakers. The second project which involved the facility to obtain
step tests and flow Information by remote control was of particular interest.
Wessex were proceeding in this direction and a pooling of information would be
very useful.
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The comments by Mr. Goodwin were appreciated and the preliminary checks
of the Working Group's analysis in para. 5 showed reasonable correlation with
those found in Wessex. The selection of various pressure monitors in a zone
had shown that the trend of the extreme measurement point was reflected in the
behaviour of the intermediate measurements points (Fig. 7). The pressure
measurement local to the valve could be used for control in the event of
failure of the remote monitor. The problem of using the local monitor was
that the flow rate was not taken into account. The use of a remote monitor
made the control algorithm simpler, with automatic compensation for flow
variations.

100Z
100 rn

50%

0%

HOURLY INTERVALS

lOOtn

50%

0%

HOURLY INTERVALS
Fig. 10. Weymouth-Chalbury zone pressure before (top) and after (bottom)

introduction of pressure control
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5. WATER LOSSES AND THE CONSUMER

By G. L. INGHAM, BSc.CEng, FICE, FIWES.

INTRODUCTION

Centuries ago in England and Wales, the impact of man on the water cycle was
minimal.

The consumer of water merely took from a lake, river, stream or well
sufficient water for his daily needs only.

The population was small and sewage treatment and disposal was almost
unknown.

Progress through the ages to the present day has now created a modern
system which includes whole river basin managagement, controlled by a few,
with water supplied to a vast number of people, living in approximately 18
million households. The population is now supplied with water through a
pressurised distribution system which has become a form of treadmill for the
industry; a system which needs constant maintenance and includes probably
150 million plumbing fittings.

Every citizen is a consumer. Waste of water or wasteful use of water
by each individual consumer needs to be multiplied by a factor of U9 million
to produce the national total.

The object of this paper is to remind the reader and the industry of the
magnitude of the system beyond the stopcock. The water industry tends to
neglect its consumers as a group and certainly as individuals. Good public
relations with such a large number of consumers will surely pay handsome div-
idends. If all consumers can be persuaded to reduce their consumption of
water by taking only the amount they genuinely require and if their co-opera-
tion and support can be gained in the never-ending task of waste control,
then significant savings will be achieved.

The Monopolies and Mergers Commission Report on the Severn-Trent Water
Authority, published June 1981, pointed out that "more effort should be made
to control leakage, saying the Authority loses 27% of its treated water and
the proportion is increasing. If even a small part can be retained, the
need for costly new capital works can be delayed. Leakage control measures
are labour intensive, expensive and relatively unpredictable in their effect,
but are steadily more important as new water resources become more costly or
environmentally damaging to exploit."

The amount saved in terms of energy, labour and chemicals will vary
throughout the country, depending upon whether the supply is by gravity or

* Director and General Manager, The Sutton District Water Company.
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by pumping and also depending upon the amount of water treatment necessary.
In the case of The Sutton District Water Company, the value of water saved
is high.

Rainfall

I
Water Source

1
Abstraction

Water Treatment
Supply

rrmii i i i i i i i
49 Million Consumers

Sewage Treatment

I
The Sea

Figure 1 The present day water cycle in England and Vales

Waste Control at Sutton

The Sutton District Water Company obtains all its water from underground
sources. Every gallon has to be pumped and repumped before reaching the
consumer. In the highest distribution zone the water has to be re-
pumped as much as four times. Water saved means a saving in energy as well
as in chemicals. The cost of chemicals for water treatment is more signifi-
cant at Sutton in so far as the Company has a statutory obligation to soften
all water supplied.

In 19ii8, E.G.B. Gledhill, the Engineer & Manager of the Company, intro-
duced an alternative method of waste control, based- on differential sounding,
and this is full documented in a Paper presented to the Institution in 1956,
included in the Journal of the Institution, Volume 11, No. 2, March 1957.

This method of waste control has continued until the present day. The
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advantages claimed by Gledhill are still considered to be viable by the
present Management. These are:

(a) Using differential sounding, an agreed frequency of sounding
for a particular district, can be decided.

(b) Labour engaged on the detection of underground leakages is
employed during normal working hours and to the best advantage.

(c) A regular and prompt contact is maintained with consumers,
particularly where leakage or excessive consumption is
discovered on the premises.

(d) Some of the disadvantages of waste meter control are avoided,
viz. rapid operation of valves to "zone in" when possible
partial emptying of mains can contribute to leakages.

(e) Stopcock casings and surface boxes are regularly examined and
serviced. Broken or missing lids are replaced, casings partially
filled in are cleaned out, making primary stopcocks readily
available for use.

(f) Other tasks can be incorporated in the inspectors' schedule
of work, reducing wasteful travelling time.

In parallel with the application of the differential sounding method
of waste control, the Company operates a plumbing service which is available
to all consumers.

How effective, therefore, is the Company's over-all method of waste
control?

Many organisations consider that the average per capita unmetered water
consumption measured in, say, litres per head per day is a good indicator.
This consumption, however, varies with the standard of housing in any part-
icular area of supply, indeed, with the general standard of affluence of
the consumers. The author considers that the net night flow measured in
litres per property per hour gives a better and more reliable over-all
figure of the effectiveness of the applied waste control measures.

For many years, waste tests have been carried out by the Company at
regularly six monthly intervals, measuring total reservoir drop with all
pumping units shut down between 2 a.m. and 1* a.m.

The resultant net night flow is established and the most recent figure
is indicated on the diagram in justification of the effectiveness of the
service.

The results indicate that the net night flow for the whole of the
Company's area of supply is 1».9 litres/property/hour. This is not unsatis-
factory, although it may well be practicable to reduce the flow further.

It shoulu be noted that the Sutton figure has been added to the extract
of the D.O.E. Report,
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Extract from D.O.E. Standing Technical Committee, Report Number 26
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Sounding Procedure

For non-specialist readers who may not be familiar with the method of sound-
ing, details are as follows:-

1. Check the surface cover of the stopcock box for damage and
any variation from the general level of the footpath.

2. Check the casing for access and any blockage, and clean out
where necessary.

3. Sound the stopcock, using stethoscope to check if there is a
flow of water through the stopcock. If there is no sound - move on.

I4. If a sound is detected, listen for a short period, say,15 seconds.
A diminishing sound indicates that a ballvalve is probably closing
and within a short period the sound may cease.

5. If the sound is continuous, it may be a leak or water is perhaps
being used by the consumer. Move on and return in a few minutes
(for instance, after taking soundings at one or two neighbouring
properties). If no sound - move on.

6. If the sound persists, contact the consumer to request that all
taps be closed. Continuing sound indicates a leak on service pipe.

7. Close the principal stopcock. If noise ceases, the leak is
between the stopcock and the house, otherwise it is between
the stopcock and the street main.

8. Note address at which the leak is occurring - move on.

The principal advantage of carrying out continuous soundings with a
skilled inspector is that it is a positive "go/no go" procedure. It is a
rapid and reliable method of checking for leakage on both the communication
pipe and the supply pipe to the premises.

A very high proportion of service pipes do not have leaks and therefore
the inspector is able to rapidly verify this, checking only for a very short
period of time at each premises. Although the procedure, as detailed above,
may appear lengthy and a little cumbersome, in practice, the time taken to
sound at each address is approximately i minute, plus, say, l£ minutes' walk
between stopcocks.

As the average household is only using water for about 20-30 minutes
during the day, between 8.30 a.m. and 5 p.m., the inspector only rarely
sounds a stopcock when water is being used.

The Company's inspectors can sound between 200-300 premises per day,
depending upon the density of the housing and the length of the frontages of
the properties being checked. On average, about 1,200 underground leaks
are discovered each year, plus a similar number of leaking taps and ball-
valves.
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Night Flow Tests - December 1980

1. Number of domestic properties 106,382
2. Number of mixed commercial/

domestic properties 3»3^U

3« T o t a l number unmeasured 109,7U6
k. Metered supplies 2.1A2

5. Total connections 112,158

6. Estimated population 281,736

7. Minimum flow from all service reservoirs, ( 183,817 g/h
no pumping - 2.0 a.m. to 1*.O a.m. ( 831*,530 l/hr

8. Number of meters read during teat
(i.e.. 6.796 of total) 162

9. Average measured flow 2.0 a.m. - U.O a.m. ( U7.967 g/h
from meter readings ( 217,770 l/hr

135.850 g/h
616,760 l/hr

10. Difference (9-7) ( 135.850 g/h

11. Assessment of minimum flow of 2,250 metered ( ll<,380 g/h
supplies not read (insufficient manpower) ( 65,285 l /hr
(assessed as 1$% of daily flow)

12. Net night flow (10-11) ( 121,U70 g/h
( 551,U75 l/hr

= k-9 1/prop/hr

13. N.B. - Allowance for unmeasured
night consumption Nil

Plumbing and Repair Service for Consumers

The plumbing and repair service offered to consumers on a repayment basis
was started by the Company in the mid-1930's. In earlier years, most of
the work was carried out by sub-contractors, but in 1950, the Company
recruited its own plumbers and service layers to carry out this work and
has continued to recruit ever since. The principle object of the scheme
wag to provide a better service to the consumer and to encourage renewal
of old water fittings and the prompt repair (or replacement) of faulty
underground supply pipes.

During periods of prolonged frosts, the Company receives many calls for
assistance, especially from consumers living in older properties which have
inadequate insulation and little heating. An advantage of the plumbing
service is that the Company's skilled craftsmen and experienced inspectors
are available to render assistance and this helps consumer relations, and
reduces waste.
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Cold feed to boiler return pipe

Boiler vent Cylinder vent

Garden tap
direct from main

Sink tap
direct from main

Cold supply to taps

Rising main

1 10mm
soil pipe

32 mm
waste pipe

Protective pipe where
main enters house

Drain-cock

Safety valve

Flow pipe to cylindei

Sink trap

Trapped gully

110 mm Underground
drainage pipes

Water authority's
stop-cock

Figure 3 Plumbing in the Home
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Early in 1978, for instance, over 1,000 calls for assistance were
received in two weeks and each was dealt with promptly, the Company's employ-
ees often working throughout the night to cope with the volume of requests.
By comparison, the other undertakings were unable to provide any service
beyond the principal stopcock and were unable to assist their consumers,
merely referring them to local plumbers.

In the case of elderly and infirm consumers, all charges were waived
during the period of severe frost.

Priority is given to the repair and replacement of defective fittings,
although larger jobs are also undertaken in order to attract skilled craftsmen
to the Company's service. This additional work includes the installation of
new bathrooms and heating systems, which can produce a good profit margin.

Costs and Turnover

There have been many reports, papers and formulae published in recent years
about waste of water and the cost to the Authority or Company. The consumer
is rarely mentioned, but it should never be forgotten that he pays for
everything. It should be borne in mind that those consumers who support
a repair service on a rechargeable basis also contribute to the cost of con-
trolling waste and excessive consumption.

The turnover on rechargeable work in the Sutton area for 1980 was
£273,530.

Rechargeable Work £

Total invoices 273,530
Direct Costs - Labour
and Materials 2U6.279

£27,251

and this has been reasonably constant in real terms over the past few years.

The Company supplies approximately 110,000 properties (of which about
20,000 are council owned and outside the scope of the Company's repair
service as all maintenance is carried out by each council).

The costs of supervision need to be deducted from the trading surplus
of £27,251. The amount of supervision is relatively small and is fitted
into the supervisors' routine schedule. Every effort is made for each
supervisor to keep in touch with plumbers and service repairers during
nornal daily visits to mainlaying and mains repair jobs as well as visits
to pumping stations on supply work. Thus, the cost of supervision is
marginal.

It is the Company's policy to 'break even' with this service year on
year, despite the problems of inflation and of reduced demand for the service
during periods of recession.
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Average Cost of regular sounding

Total soundings 1980
Rate of sounding (with no delays)
- number per day per inspector
Number of underground leaks detected 1980
Soundings per leak
Cost per inspector per day
- (8 hours @ £6.02 - Dec. 1980)
Cost per sounding
Total cost of sounding per annum, say,
Cost per leak discovered
Volume of water of equal value per leak
(Energy and chemicals etc. @ U.5p per m3)

If leaking for 1 year

N.B. Bonus - Any leaking taps and ballvalves
discovered are rewashered.

Average Labour Costs - inspectors 1980

Basic Wage
London Weighting

Overtime
Bonus
Standby

Employers' E.R.C.
Employers' Pension Contribution

156,250

210
1,312

119

£48.16
£0.23

£36,000
£27.30
606 m3

= 133.330 g/annum
365 g/day
15.2 g/hour

= 0.25 g/min.

3.93U
U35

14,369
1,120
1,066

188

6,71.3
6U5
787

Transport (van)

Overheads
10,331
2,063

£12,39U per annum

Effective hours worked per annum
(i.e. basic hours plus overtime, less
holidays, less sickness)

Cost per inspector

2,057 hours

£6.02 per hour
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THE CONSUMKK

His Requirements

The term "consumer" is often applied to large groups of the population. The
individual domestic consumer may have household requirements which vary con-
siderably. By way of illustration, the range of demand, for instance,
could be:-

TABLE I Sutton Consumer Demand

TYPICAL RANGE OF SUTTON CONSUMER DEMAND

Demand

No. in Dwelling

Estimated Consumption
(litres/day)

Estimated Totol Head
(metres)

Annual Energy Requirement
(KWH/annum)

Annual Cost
Energy

Chemicals

Tolal

Low

1

150
(min )

100

24

£
0 72 '

1 80

252

Medium

3

500
( a v )

150

122

£
3 66

6 00

9 66

High

6

2.000
( max }

250

816

£
2448

24 10

48 58

NOTE • (a) Low demand - single person, low level zone
High demand - family of 6. high level zone

(b) Energy requirement based on 60 % overall efficiency at 3 0 p/unit
(c) Chemical costs assumed 15p '1,000 gallons

Thus, the cost in terms of energy and chemicals of supplying a consumer
in a dwelling with high demand in high level zone can be 20 times that of a
similar dwelling (of similar rateable value) with low demand, in a low level
zone.

Expenditure on publicity and manpower to encourage consumers to econom-
ise in consumption is, therefore, better directed towards larger dwellings in
high level zones. To date, no satisfactory, practicable method has been
evolved for determining numbers of occupants.

Leakage from fittings and underground pipes varies with:-

Water pressure
Age of fittings or pipe
Quality of materials used in manufacture
Aggressiveness of mains water
Amount of use to which fitting is subjected.
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It is unreasonable to expect one class of consumer, such as an elderly,
single person, on a low income, to spend more than the absolute minimum on
repairs to the plumbing system of a dwelling. Another consumer, such as an
ownsr/occupier with a large family, may well be prepared to finance a new
plumbing installation and repairs to underground service pipe, particularly
if the householder is a L.I.Y. enthusiast.

His Expectations

The average consumer has grown to expect a supply of safe, wholesome and
palatable water at his tap for 2k hours a day throughout the year. Many
consumers have probably never known an occasion during their lifetime when
water did not come out of the tap when turned on.

Water supply is inevitably taken for granted and economy in use is
generally only practised during periods of severe drought, following public-
ity on a national scale.

The present method of charging for water, on the basis of rateable value
of the property supplied, provides little financial inducement for the consum-
er to be careful in the use of water. There is also little inducement to pay
for the renewal of water fittings.

Other utilities - electricity, gas, telephone - provide a repair service
up to the interior of the premises at no cost to the individual consumer.
Gas leaks receive rapid attention and consumers are only charged for repairs
to appliances.

Apart from a few exceptions, the service provided by the water industry
terminates at the primary stopcock.

CONSUMER SERVICES

Free repairs to supply pipe

or cable

Maintenance of

equipment

Domestic metering

High Street showrooms

Appliances readily

availoble

Credit terms available

Consumer advice from

supplier

Consumer protection

associations

ELEC-

TRICITY

ft

ft

ft

ft

ft

ft

ft

ft

GAS

ft

ft

ft

ft

ft

ft

ft

ft

G.P.O.

TELEPHONE

ft

ft

ft
Post

Office

ft

WATER

(some)

Figure h Consumer Services
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The electricity and gas industries have numerous showrooms, where a large
variety of appliances are available to their consumers, at competitive prices,
often with easy credit terms. Many of the appliances require a water supply,
e.g. water heaters, washing machines, dishwashers, showers, waste disposal
units.

The water industry provides no such facility..

His Household Expenditure

The Family Expenditure Survey 1979, published by H.M. Stationery Office on
behalf of the Department of Employment, provides a wealth of information
about private households and how they spend their money. It is based on a
representative sample of about 10,000 private households in the U.K. and the
following extract shows a small section of the statistics:-

TABLE II Average Household Expenditure - 1979.

Commodity or Service

Housing, including rates
Fuel, l ight , power
Food
Alcoholic drink
Tobacco
Clothing, footwear
Household goods
Other goods
Transport (including car)
Services
Miscellaneous

Water Supply - Author's
Estimate

Expenditure

£

13-72
5.25

21.83
U.56
2.85
7.79
7.05
7.28

13.13
9.7U
0.97

£91*. 17

£0.60

per week

%

124.6
5.6

23.2
It.8
3.0
8.3

.7.5
7.7

13.9
10.lt

1.0

100.0 %

0.6 %

The only reference to cost of water supply in the survey is included
amongst general rates, rents.

The average expenditure of £7.05 per week on durable household goods
includes furniture, floor coverings, soft furnishings, television, radio,
gas and electrical appliances, hardware, ironmongery, etc. No reference is
made to household plumbing.

Such statistics as are available suggest that the expenditure by the
average household on the replacement and renewal of plumbing fittings and,
thus, the prevention of waste of water, is quite minimal. It surely behoves
the water industry, by good public relations and reliable service, to encour-
age the consumer to pay more towards this item of family expenditure.
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SERVICE TO THE CONSUMER

"Free" Service

The Company has adopted a policy over the past 30 years of rewashering,
free of charge, all ball valves, hot and cold taps on either mains pressure
or cistern supply and also all internal stopcocks, during normal working
hours, from Monday to Friday. A reduced charge is levied for work carried
out in the early evening and on Saturday mornings where consumers are out at
work all day during the week.

Although free of charge to the individual consumer, the cost has to be
spread over the community as a whole by the general water rate, or recovered
from the profits of the plumbing service:-

TABLE ill Fittings Rewashered

Number of Fittings Rewashered

Year

1971

1972

1973

1971*

.1975

1976

1977

1978

1979

1980

Cold
Tap

1767

1760

1751

I663

1862

2051

1869

2851*

1750

1600

Hot
Tap

2258

2200

2050

2225

1126

1128

1333

1023

681

701

Bath
Tap

1507

1372

1319

1398

21*50

2061*

1702

1355

11*81*

11*83

Ball
Valve

5953

5312

51*18

1*750

1*205

291*7

2878

3802

2311

2133

10-year average

Total

111*85

1061+14

10538

IOO36

961*3

8190

7782

9031*

6226

5917

891*9

Inside
Stopcock

' 1609

11*70

11*1.3

171*7

932

852

583

333

1566

1329
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Total

Taps

>B.V.s

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

YEAR

Figure 5 Fittings Rewashered
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Feed-back of information from inspectors carrying out this work draws
attention to the fact that a high proportion of the'inspectors' time is spent
in travelling to the premises, gaining access to the faulty fittings (partic-
ularly ball valves in cisterns in the roof space) cleaning up, filling in
time sheets, bonus sheets, etc. Only a small proportion of time may actually
be spent working on the fitting.

A breakdown of time spent at a typical rewashering job of one tap and one
ball valve at one dwelling can be as follows:-

(a) Receiving call at Depot 10 minutes
(b) Travelling, say, 5 miles 18
(c) Access to premises, shut off supply 5

Rewashering of sink tap 2
Gaining access to roof space and returning 10
Rewashering ball valves, including cleaning
piston and re-assembling 12

(g) Time sheets 5
(h) Return journey 18

80 minutes

Work on f i t t ings - lit minutes = 17.5%

Conversely, the 82$ of time taken in travelling and gaining access, etc.
can be substantially reduced by organising a number of jobs in one district at
nearby addresses. The provision of suitable tools and equipment, such as
light-weight ladders and portable lamps, may also reduce the time taken on
the job.

The waste detection system of regular sounding helps considerably, in so
far as the inspector, whilst carrying out soundings at every house in rotation,
will also deal with rewashering work as the need becomes apparent on his round.

An inspector, when entering a roof space to rewasher a ball valve is
required to carry a new plastic float with him. Having rewashered the ball
valve, he examines the existing float. If there is any sign of weakness or
corrosion, the float is automatically changed, free of charge, as the addit-
ional cost of the new float over the scrap value of the old float is often
only a few pence.

In premises occupied by elderly people of limited means, the Company's
policy is to change the ball valve itself, free of charge, particularly when
the existing valve is old and corroded. This must be left to the discretion
of the inspector, bearing in mind that with bulk purchasing, the cost of a
new ball valve is only £1.50, which is equivalent to 15 minutes of the
inspectors' time. When considering the alternative of charging for a new ball
valve, it should be remembered that the total cost of preparing and rendering
an account, and the collection of the charge, is probably £2.50.

Repairs to Supply Pipes

This is a vital and most important part of the Company's service to the
consumer. Leaks on underground pipes can often continue for many weeks and
consumers are some times reluctant to incur the expense of repairs, particul-
arly if they have to rely on outside contractors who may not be qualified
plumbers.
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Amost all service pipes installed prior to 1970 in the Company's area of
supply were of heavy-weight lead. Since that date, heavy-weight copper with
PVC sheathing has been used. Repair work invariably includes wiping of
soldered joints.

Repairs to some consumers underground supply pipes are carried out on a
rechargeable basis by Company employees. A fixed price is charged for all
straightforward jobs, the principal exceptions being supply pipes under
reinforced concrete access roads, landscaped gardens and similar difficult
situations requiring expensive reinstatement. This type of work is carried
out on a cost plus basis on the cost of labour and materials.

Most consumers prefer to instruct the Company to carry out the work as
there is a 5-year guarantee on workmanship. In cases where further repairs
become necessary due to the overall poor condition of the supply pipe,
consumers can often be persuaded to pay for the renewal of the whole service
within their premises. From the consumers point of view, this eliminates
further costly repair work and somewhat improves the value of the property
and is an advantage in case of a future sale. Prom the Company's point of
view, renewal of the supply pipe should eliminate leakage for many years.

Plumbing Service

The contribution made by this part of the Company's service to the reduction
of waste is probably less than the contribution made by the free rewashering
service and the repairs to underground pipes.

The plumbing service itself, however, provides a useful source of revenue
fron profits which can be directed towards subsidising other parts of the
service.

Plumbing work can be extended to provide higher profits, subject to the
availability of skilled labour, supervision and management time. Expansion
is, of course, subject to the demand from the consumer, which is likely to be
much less in times of recession.

Certain items of plumbing work are carried out on a fixed price basis to
a firm specification. A significant amount of work is carried out on the
basis of prepared estimates and quotations and in many cases the consumer may
choose fittings and appliances from a supplier other than the Company* Some
more expensive work is carried out on a cost plus basis, particularly where
the additional service of craftsmen such as plasterer, carpenter or painter
is required.

Full scale heating systems are installed as well as new bathrooms. This
type of work has a higher profit margin and helps the draftsman plumber to
maintain his skill.

Fittings and Appliances

The fittings provided and fixed by the Company are limited to those which have
been specifically selected for their quality of material and construction and
for their usefulness of purpose.

All fittings have to be on the National Water Council approved list and
be of British manufacture wherever possible.

This selection of fittings permits the Company to retain some form of
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control over the quality of the fittings in its area of supply, a task which
is much more difficult, if not impossible, when relying upon the application
of bye-laws.

Occasionally, the Company is asked to supply only taps or ball valves
for the consumer to fix himself. On these occasions, the price of the fit-
ting, subsidised in so far as the customer is only charged on the wholesale
price to encourage the use of good quality fittings and to discourage the
consumer from installing lower quality goods.

The fittings provided and installed by the Company include:-

Hot and cold taps
Mixer taps
Ball valves
Shower units

The consumer rarely asks for a quotation for the supply only of an
appliance, preferring to purchase such items from local suppliers or High
Street shops. However, installation work on appliances is often carried out,
more particularly the installation of washing machines and dishwashers.

There is considerable variation in the amount of water used by different
appliances but, so far, no encouragement or financial inducement has been
given to consumers to purchase those machines having a minimum water require-
ment.

The following extracts from the magazine "Which" of the Consumers1

Association, illustrates this variation in water consumption.

TABLE IY Variation in Water Consumption using Different Appliances

Dishwashers (September 1980)

Brand

AEG
Beekay
Bosch
Colston Ariston
Hoover Superjet
Indesit
Miele
Phillips
Servis
Zanussi

Model

- Favorit
GS38IS
M500
LS612
D7O16
116 AOG
G5UO
2O0OSLADDO3O/1
1*00
IM611*

Country

Germany
Germany
Germany
Italy
Germany
Italy
Germany
Germany
Italy
Italy

Target
Price
£

250
2lt0
280
220
250
235
525
330
200
250

Water
Consumption
(H & C)

62 litres
72 "MAX.
52
66
70
hi *MIN.
50
51
62
51*

TABLE IV continued
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TABLE IV Variation in Water Consumption using Different Appliances (cont)

Washing Machines (March 1980)

Brand

AEG
AEG
Beekay
Beekay
Bendix
Candy
Colston
Eastham
Hirundo
Hotpoint
Hotpoint
Hotpoint
Indesit
Indesit
Miele
Neff
Newpol Multifill
Philco
Philips .
Servis Compact
Servis Slimline
Servis Selontronic
Zanussi
AEG
Bendix
Colston Ariston
Indesit
Miele
Newpol

Model

COO HC
61* SL

WA 7050
WA 760
711*7 A
Aquamatic
Ariston LB 515
Burco A9','7
HL 9800
I838O
18580
15690
O99AOG
O92AOG
W 1*23
501*7

Wl*5A
555 AWB 103
303
308S
309
S2 18T
2001
73148
85OXD
WD10
WT 1*89
2000

Country

Germany
Germany
Ger./ltal.
Ger./Ital.
Italy
Italy
Italy
Italy
Italy
Britain
Britain
Britain
Italy
Italy
Germany
Germany
Spain
Italy
Brit./France
Britain
Britain
Britain
Italy
Italy
Italy
Italy
Italy
Italy
Italy

Target
Price
£

287
300
160
1*86
230
170
160
289
11*5
260
265
275
•>
1

581
529
157
170
280
235
250
31*5
210
608
370
280
280
738
235

Water
Consumption
(H & C)

120 litres
100
125
115
120
1*5 *MIN.
160
150
80
110
110
205 *MAX.
135
80
170
115
75
i?5
155
155
155
11*5
115
155
100
150
165
170
105

Effectiveness of Service

The provision of a consumer service can only be justified if it is cost
effective. Any calculation of effectiveness should compare the existing
situation with that which would obtain without the provision of the service.
This is a difficult task.

By way of example, the diagram shown, Figure 2, on page 5 h, indicates
a net night flow of 8 l/prop/hr for regular soundings in low leakage level
areas. The Sutton figure for net night flow is 5 l/prop/hr. If the differ-
ence is a saving which could be attributable to the consumer service provided
by Sutton, then: -

Water Saving
Saving for 109,71*6 dwellings each year
Saving on electricity and chemicals alone @ 20p per

1,000 gallons or l*.5p per cu.m @ current prices
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Even assuming there is no measurable saving of water attributable to a
consumer service, the plumbing service at Sutton is provided on a rechargeable
basis at no cost to the consumers in general. Indeed, a modest profit is
available to the Company to be offset against operating costs. The individ-
ual consumer pays for the service in accordance with published charges. The
service is provided in competition with the private plumbing sector and the
consumer has the freedom of choice in the matter.

The public image of the water industry has, undoubtedly, diminished in
recent years. The impact of inflation on water charges and the attention of
the media is causing .the public to become critical of the cost of the service
provided. Any improvement in consumer service must help public relations and
it is to be recommended.

Recent discussions in Parliament about the control of plumbers has high-
lighted concern felt by the public, particularly about unskilled operators or
"cowboy" plumbers. The water industry has an opportunity to fill this void
and to provide a service backed up by a guarantee of workmanship.

B.I.Y.

Work carried out on a "do-it-yourself" basis by consumers has, until recent
years, had little effect upon the water industry. To-day, however, there is
no doubt that the provision of plumbing fittings and materials for sale to
the general public has become one of the major growth industries. A number
of departmental stores and many retail outlets now provide a large selection
of materials for the repair, maintenance and improvement of domestic plumbing
systems.

Items are enticingly packaged and prominently displayed to attract the
purchaser. A number of retailers provide instructions for the handyman and
a typical leaflet is given overleaf. Some retailers give no information or
assistance at all to consumers but this does not appear to affect their trade.

' A significant point about plumbing work under consideration by household-
ers is that, unlike electric and gas installations, there is very little
personal danger to them if they make a mistake. Quite obviously, incorrect
electrical wiring or gas connections could result in a fatal accident. The
worst that could befall the installer of poor plumbing is that he may get wet
or cause minor damage to decorations.

The most disturbing aspect of the large increase in D.I.Y. work is the
difficulty facing water authorities and water companies in controlling the
quality of the fittings and the workmanship. Vhereas some fittings are
marked as being of British origin or manufactured by well known British
firms, much or the material on offer does not have any identification mark
and does not appear to be made to British Standard Specification.

A recent investigation into the retail prices of taps and ball valves
available in the Sutton area showed:

Basin Taps Maximum Price (G.B.) Minimum Price (Italy)
C1U.79 pair £6.70 pair

Ball valves Maximum Price Minimum Price
£ll.80 each £1.60 each

Examination of the six sample pairs of taps purchased showed that the quality
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of chrome finish of the cheaper taps was somewhat inferior to that of the more
expensive fitting and the waterways were also smaller. This would tend to
give a lower flow from the taps in areas of low pressure but the purchaser
may not be aware of this.

The twelve ball valves purchased over the counter were very similar but
the cheapest valve had an all plastic piston and was fitted with a soft
washer.

Much of the advertising of plumbing materials and fittings is extremely
persuasive, the following advice being given to the consumer who may be think-
ing of doing it himself:

(a) There is no reason why the consumer should not tackle most plumbing jobs
himself if he has a few basic tools.

(b) All he needs is some knowledge of how the system works and of the correct
techniques.

(c) The consumer can carry out most repairs and save himself a lot of money.

(d) He will not have to wait for an overworked plumber to come to do a
simple job.

(e) He can do his own installations as well as any professional once he
has gained confidence in his own abilities.

(f) He should be able to carry out many improvements which he thought were
beyond his reach simply because of the prohibitive labour costs.

(g) Faults anywhere in the plumbing system can be located and repaired quite
quickly.

(h) Leakages can be prevented if a few simple tasks are performed to protect
against cold weather, corrosion and scale formation.

(i) The consumer can install a bath, a washing machine, a dishwasher, an
immersion heater, sink, basin or shower all by himself.

(j) If he invests in his own skills the value of his home will increase.

It is hardly surprising that many house owners have been tempted and
will continue to be tempted by such advice to carry out their own work. It
is regrettable that the water industry plays no part in this. As far as the
average consumer is concerned, the industry waits on the side lines.

It is extremely difficult to obtain statistics about the volume of work
being carried out on D.I.Y. basis. Such information as is available suggests
that from 10% to UOji of all plumbing repairs and improvements may be carried
out by consumers themselves.

From the water industry's point of view, prompt repair or replacement of
defective fittings by anyone will make a contribution towards a reduction of
water losses in the home and should be given every encouragement.
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STATISTICS

General

For over 1+0 years, the Company has kept fairly detailed statistics about the
numbers and types of leaks which have been discovered on mains, valves,
hydrants, service pipes and domestic plumbing fittings.

This has proved to be a useful indication of the output of the work
force and the effectiveness of the waste control measures adopted by the
Company. A selection of the statistics is given below, which may prove to
be of use and interest to other undertakings.

TABLE Y Leaks on Underground Service Pipes

Leaks
Self-
Evidencing

Hidden

Total

Services
(x 1000)

Total Leaks
per 1000
services

Soundings
(x 1000)

Soundings
per Leak

Leaks

1971

1091

1527

2618

101.6

25.7

168

61*

1972

1100

11*99

2599

102.1

25.1*

116

1*1*

discovered and repaired during

1973

1078

11*02

21,80

102.6

21*.2

83

33

197U

857

1536

2393

103.3

23.2

168

70

1975

51*8

1329

1877

101,. 1*

18.0

173

92

1976

537

889

11*26

105.3

13.5

110

77

1977

525

1013

1538

105.9

11*. 5

118

77

1971-1980

1978

186

91*7

1133

109.1

10.1,

137

121

1979

1,11

798

1209

109.9

11.0

166

137

1980

282

121,0

1522

111.1

13.7

156

103

Rate of Flow of Leaks

Very little information is available nationally about the rate of flow of
water escaping from typical leaks on service pipes and various plumbing fit-
tings, although some information is available about the number of leaks.

During 1980, at Sutton, a random selection was made of approximately
1,000 leaking fittings and the rate of flow of each leak was measured and
recorded prior to repair work being carried out. A simple method of measure-
ment was adopted in view of the limited manpower available. This was to
direct leakage into a calibrated container, timing the rate of filling by
stopwatch. The range of various flow rates is indicated on page 23.
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Figure 7 Cost per Leak Discovered
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(RANDOM SELECTION 1980 APPROX. 1,000)
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FLOW RATE FROM LEAK

Figure 8 Range of Leakage from Various Fittings

Work by Inspectors

Detailed statistics for the year 1980 give an indication of the scope of
their involvement with consumers.

TABLE VI Inspectors' Duties

Work Detail

* Census of Houses
Mains Shut Down

* Notice Delivered
* Meter Readings
* Re-inspection
* Soundings
* Supplies Turned On/Off

Attending on Jointers
* Attending on Plumbers

Flushing Mains
Starting/Stopping Pumps
Reservoir Security Inspection

* Water Sampling
Tracing Mains
Waste Tests
Checking Reference Wells
Chlorinating New Mains
Operating Valves

* Dealing with Consumer Requests
* Serving Statutory Notices
* Debt Collection

Number

73
911
190

13,679
7,963

156,251
836

1,317
1,221
l*il*
1*17

1,726
2,014+
573
221*
128
U7
597

8,539
81*

l,U00

* Some involvement with Consumer

Total manhours worked per annum (including overtime)

Manhours
do.
do.
do.
do.
do.
do.
do.
do.
do.

Manhours

26.U6U
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Sumiary of Statistics

TABLE VII Leaks and Repairs showing the trend over 30 years.

Visible Leaks, Service Pipes
Hidden Leaks, Service Pipes

Total Leaks, Service Pipes

Leaks on Mains
Leaks on Valves
Leaks on Hydrants

Total Mains Leaks

New ball valves and Taps fitted
Services sounded (1000's)
No. of Services (1000's)
Ler.gth of Mains (Km)
Total Leaks per 1000 services
Mains Leaks per 100 Km.

1950

523
1705

2228

51*
107
2U

185

836
223
62.9
788
35.1+
23.5

i960

1081
117U

2255

60
76
314

170

953
179
87.3
837
25.8
20.3

1970

858
1522

2380

68
92
1*0

200

311*
176
100.3
880
23-7
22.7

1980

282
121*0

1522

93
1*6
17

156

96
156
111.1
91*0
13.7
16.6

EXTENSION TO SERVICE

Display Centre and Showroom

Consideration is being given at Sutton to extend the service provided.
Arrangements are in hand to provide a modern showroom and display centre at
the Company's Depot at Gander Green Lane, Cheam, where consumers who choose to
may inspect various items and, if they wish, place an order with the Company
for installation work to be carried out. Such items will include taps and
fittings; shower units; bathroom and toilet equipment; kitchen equipment;
water heaters; dishwashers; waste disposal units; water softeners.

Although the variety of appliances on show will be limited, it is intend-
ed to have a full range of literature available for alternate models which
will be readily available from the Company's main supplier.

The showroom will be staffed by retired plumbers and supervisors on the
basis of a part-time salary, plus commission. The Company intends to offer
practical advice to the D.I.Y. enthusiast, to enable him to discuss practical
problems with a registered plumber on the premises of the showrooms on Fri-
days and Saturdays. The consumer will be able to fully examine fittings and
for a small fee, practise making joints and assembling fittings under the
watchful eye of a plumber.

Credit Facilities

One of the principal obstacles which inhibits consumers who cay be considering
the renewal of plumbing fittings is the high cost of good quality goods and
the high cost of skilled labour. It is very much in the interest of the
industry to encourage the prompt replacement of defective fittings. The prov-
ision of attractive credit facilities at reasonable rates of interest may well
achieve this object. Using modem computer techniques, credit facilities need
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not be expensive to the supplier. If linked in with the collection of water
charges there may well be an improvement in cash flow and a reduction in the
amount of time involved in collecting water charges from those consumers who
usually pay late.

THE FUTURE

Domestic Metering

There seems little doubt that all domestic consumers will soon be offered the
option of a measured supply by all water authorities and water companies. A
number of consumers will probably opt to have a meter installed. This will
provide an incentive for those consumers to be more careful in the use of
water and to have regard to the amount of water required by various appliances
which they may purchase in the future.

If a meter is located at the boundary of the property there will be a much
greater incentive for metered consumers to pay more attention to leakage from
their underground supply pipe, if necessary by reading their meter at frequent
intervals. Thus, if a consumer notices a high reading and suspects a leakage
is occurring, it can be reported in good time and reduce the size of the bill
he would otherwise receive. If a meter is located inside the dwelling, waste
due to leakage from the supply pipe will not be measured. The position will
continue as at present, whereby the consumer, although under a legal obligat-
ion to repair the leak, is not liable to pay for the water which is wasted
prior to the carrying out of repairs.

VJiichever location is decided upon, the installation of an out-reader is
to be recommended, placed in a convenient position so as to be easily read by
the consumer. The out-reader may draw attention to the volume of water
regularly consumed and also to wastage.

Those authorities and companies who have a firm preference for the locat-
ion to be at the boundary may wish to consider subsidising the cost to the
consumer to encourage consumers to opt for a meter and be responsible for the
cost of water wasted from leaking supply pipes.

Subsidies

Bearing in mind the cost in terms of energy and chemicals of wasted water, the
question needs to be asked whether or not the water supply undertaking should
subsidise certain parts of a consumer service in the same manner as the exist-
ing subsidy is applied to the provision of a free re-washering service.

Subsidies, selectively applied to the service, will encourage consumers
to promptly attend to the repair or renewal of fittings before leakage be-
comes significant and also to select appliances which use less water. The
subsidies should be applied to all consumers, including those on a metered
supply and particularly to consumers having a limited income and to whom the
minimum price of an appliance is of paramount importance. Calculation of the
amount of subsidy is not at all easy and will depend upon a number of paramet-
ers which will vary in each undertaking.

It is questionable as to whether water authorities and companies have the
legal right to use income from ratepayers in general to subsidise a particular
section or class of consumer, i.e., those who purchase an appliance or have
plumbing work carried out on their premises. If the amount of the subsidy is
taken from profits of the consumer plumbing service and not from general water
rate the right to apply this money is stronger and less liable to be challenged.
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Advertising

The only recent advertising campaign of any significance carried out by the
water industry in recent years was during the 1976 drought. This campaign
has been covered by the National Water Council Report, entitled "The 1975/76
Drought", dated April 1977, which drew attention to the remarkable scale of
voluntary saving of water achieved by consumers who heeded the appeals and
publicity over a sustained period. The Report summarises many aspects of the
"Save It" campaign and the methods of advertising, including posters, leaflets,
stickers, billposters, children's "T" shirts, press advertising, radio
"jingles" and T.V. "spots".

Obviously, the warm and dry weather, together with the news value of the
drought to the media on television, radio and newspapers, gave considerable
assistance to the water industry. There is little doubt that the impact of
such publicity during a spell of cold, wet weather would have been less.

TABLE VIII Opinion Survey covering 7.3000 people showing effectiveness of
Advertising

Advertising Medium Public Recall

Television 81-90%
National Press 29-30%
Posters 26-33%
Local Papers 13-16%
Notices at Work 7%

Advertising Medium Public Recall

National Radio k%
Magazines 2-3%
Local Radio 2-L&i
Other . 12%

The general conclusion of the National Water Council's Report was that
peak voluntary savings approached 30% consumption and that long standing
savings at lower levels were achieved.

The effectiveness of advertising has been widely confirmed in many
industries. The relatively high expense of advertising nationally suggests
that to be cost effective, a campaign directed at water consumers should emp-
loy local media, particularly local newspapers, together with the existing
general communication via the postal service when supplying authorities send
out bills and accounts.

Consumer Relations

Any consumer seeking information about other utility services, such as
electricity, gas, telephone, post office, bus, train etc. can approach a
number of departments, offices or showrooms, to make his request. If, how-
ever, he needs advice about his water supply or plumbing, or appliances
using water in his house, he is likely to be much less successful if he
approaches the water industry; Even if he has suffered from a minor domestic
catastrophy, such as flooding within the house due to a burst pipe or other
flow, he may well have difficulty in obtaining any advice except from the
local plumber, who may or may not be qualified to give advice.

Although the water industry responds promptly to complaints about water
quality or about water pressure (or no supply at all) most other problems
facing the consumer on his own property and beyond the principal stopcock,
tend to be neglected by the water supply authority. There is a need for
some form of local advice centre to be set up to deal with consumer complaints
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and provide sound technical advice to those seeking it. The improvement in
public relations could be significant. The most economical way, initially,
would be to include such centres at existing offices or depots or works.

CONCLUSION

It is suggested that the attitude which the water industry should adopt
towards its consumers is best summarised by the following (of unknown origin):

" The Consumer

Is the most important person in
any business

Is not dependent on us - we are
dependent on him

Is not an interruption of our
work - he is the purpose of it

Is a part of our business - not
an outsider

Is a person who brings us his
requirements - it is our job to
satisfy those requirements

Is deserving of the most
courteous and attentive
treatment we can give him

Is the life blood of this and
every other business "
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DISCUSSION

Author's introduction

Mr Ingham introduced his paper with a reminder that, with very few exceptions,
the consumer paid for everything: not only al l the interest and depreciation
on capital and al l the energy and chemicals consumed, but also the wages and
salaries of everyone employed in the water industry. All citizens were
consumers throughout their lifetimes, and i f their requirements and expect-
ations were not understood fu l ly , water losses could not be understood fully
either.

To supply the consumer the UK water industry had created a vast
pressurized distribution system which transported potable water to a wide
range of probably 150 million plumbing f i t t ings and a few million appliances,
al l potential sources of leaks and wasteful consumption. This distribution
system required constant maintenance up to each of i ts extremities.

I t was the part of this system beyond the principal stopcock that he
had drawn attention to in the paper, with the aim of highlighting the
magnitude of the problem and opportunity which was there to be grasped.
The UK water industry tended to neglect i ts 49 million costumers as
individuals. Good public relations with such a large number would surely
pay handsome dividends. I f all consumers could be persuaded to reduce
their consumption of water by taking only the amount they genuinely required,
and i f their co-operation and support could be gained in the never-ending
task of waste control, significant savings could be achieved.

For many years The Sutton District Water Company had operated a plumbing
system for i ts consumers. The principal aim was to provide a better service
by replacing worn f i t t ings at the expense of the individual consumer, and
not the general ratepayer-. The total turnover of this service in 1980 was
£273,500: i t was the Company's policy for this service to break even.
The total service to the consumer provided by the Company was, Mr Ingham
considered, the minimum which should be offered to consumers throughout the
UK. A 'free' rcwashering service, although free to the individual, was a
charge on the whole community, using expensive skilled labour. Any reduction
in travelling time, and in the time required to gain access to f i t t ings
produced valuable savings and increased efficiency. The constant object of
the service should be to maximize the number of jobs done in a small area on
a daily basis. The plumbing service was principally justif iable in the
long term by the number of f i t t ings renewed rather than by the modest profit
which was achieved. Repairs to underground supply pipes were the most
vital part of the service, and consumers seemed to find the fixed price of
£63 (1981) quite attractive. Horror stories of 'cowboy' plumbers charging
up to £250 were not uncommon.

The Company's consumers had recently been offered the option of domestic
metering. The Company had a strong preference for placing domestic meters
at the boundary of consumers' premises, the advantage being that the
consumers would then pay for al l future waste for leakage from their
underground supply pipes. A fee of £15 for an in i t ia l survey of the
premises was waived i f the consumer agreed forthwith to the meter being
fit ted at the boundary. A fixed price of £90 was charged, and the consumer
was offered interest-free credit terms: payment of £15 each half year over
three years. So far, the Company had a 95% success rate in persuading
consumers to pay for the meter on the boundary.
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The Company was particularly interested in offering an outreader fac i l i t y
to a l l metered consumers, both domestic and commercial, on a repayment basis,
to reduce call-back problems and to overcome the possible inconvenience to
consumers of having their meters at the boundaries of their properties.
Many outreader systems on the market were not satisfactory in that they
would not operate under flooded conditions, i .e . i f the meter p i t flooded
with surface water, or i f the meter head f i l l e d with mains water from a
leaking gland (even on a meter installed in dry conditions in a building)
then some outreaders would not function. The problem appeared to l i e
with the switching device or the magnet in the meter head. While waiting
for the outcome of further research in the industry they had developed a
simple system which would operate under water. The test r ig had been
operating successfully under water for some months. The outreader would
indicate to O.Olm^, say 2 gallons. This could be very useful for those
consumers who were interested in avoiding waste and wished to read their
meters regularly. The device was designed to be installed in an existing
meter in situ in about five minutes.

Discussion

J.A. CRICHTON (Strathclyde Regional Council) in opening the discussion
indicated that he had found the paper fascinating because he was in tune
with the Sutton Company's philosophy of total service to the consumer.
Here was described a deliberate and systematic approach to the ideal
situation. He doubted, however, whether the same level of service could
be achieved elsewhere - certainly not by local authorit ies; and RWAs
and most other companies would think hard before tackling the problem of
consumer waste by offering what appeared to be a subsidised replacement
and repair service.

The solution of the problem of waste lay in speedy repair. Mr Crichton
had some experience in densely populated areas where a reasonably ef f ic ient
waste detection organization using ordinary methods of night sounding and
meter runs and step tests, was in use. He ventured to say that detection
i t se l f of consumer waste was relatively simple and that anyone tackling the
problem with purpose had a fa i r idea of where losses were located, but
waste eradication could be achieved only i f detection was followed quickly
by repair. He wondered how many authorities had that ab i l i t y and indeed
how many effected repairs to their own apparatus as quickly as they might.

Comparison was made between the type of housing predominating in
Sutton Distr ict and that of densely populated urban areas of f lat ted
accommodation particularly where housing was rented rather than owner
occupied. I t was l ikely that there would be resistance to a move by
a water authority to set up a repair organization in competition with local
business. Was there opposition in Sutton when the present organization
was founded?

Mr Ingham's summary of consumer expectations on page 5.11 met with
almost wholehearted approval - almost, because a number of authorities
readily advised consumers in detail about instal lat ion problems and did
become involved to some extent, inside the house. The most rewarding
assistance an authority could give, short of providing a total plumbing
service, was free rewashering. The consumer relationship which developed
helps to create the ir.age of 'your friendly water man1, and more importantly,
gave the ' fr iendly water man' the opportunity to look at a l l of the
instal lat ion and thus spot badly executed DIY repairs, unsatisfactory f i t t i ngs ,
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and leaks from other apparatus.

Encouragement of DIY plumbing should not be supported wholeheartedly
because the preponderance of tenements and f la t ted dwellings in some areas
brought specif ic problems. Mr Crichton mentioned the damage caused to
other houses because of badly executed DIY repairs to exist ing plumbing,
and on balance he thought that encouragement should be l imi ted to brand
new ins ta l la t ions and perhaps to to ta l replacement.

Last ly , Mr Ingham's thoughts about the value of advertising to promote
economy were questioned. The 1976 drought campaign was successful only
because consumers saw for themselves the need to economise. Without
specif ic motivation, appeals for savings were, in the main, ignored.

G.S. MILLION (Thames Water Authority) said that Mr Ingham appeared to reject
the orthodox approach to waste con t ro l , which had recently been restated by
the Technical Working Group on Waste of Water. They had recommended waste
metering where the cost of water was high, as i t was in Sutton. Mr Ingham's
approach provided a fascinating comparison. The figures from the night
flow test were remarkable: a net night flow of 4.91/property/h.
Mr Mi l l ion asked whether anyone else had made comparable measurements and,
i f so, what were the i r results? His authority had found i t very d i f f i c u l t
to measure night flows in the way recommended by the Technical Working Group.
He then drew attent ion to the average dai ly quantit ies supplied per head in
each Division and Water Company area in the Thames WA region (which he
thought was reasonably representative for th is purpose). In 1978 Sutton
D is t r i c t ' s f igure was the lowest in the region, but that might perhaps be
explained by differences in metered use, unmeasured commercial use,
commuters, tour i s ts , and so on. What was remarkable was that since 1978
the supply per head had gone up in a l l areas except the Sutton D i s t r i c t ,
where i t had gone down. Mr Mi l l ion thought that that could not simply be
luck: in his view i t showed that there was something in the Sutton approach
and he congratulated Mr Ingham on his paper.

R.J. SLATER (The Mid-Kent Water Company) congratulated Mr Ingham and
supported the general at t i tudes and practices of the Sutton D is t r i c t Water
Company in re lat ion to i t s consumers. He said that th is was a philosophy
which The Mid-Kent Water Company had endeavoured to adopt, although being
predominantly r u r a l , they were very d i f ferent in character as the following
s ta t i s t i cs showed:

Properties
Area, km2

 2
Properties/km
Mains, km
Properties/km main
No. of Sources

Mr Slater emphasized that they had a very d i f ferent at t i tude to waste
detection, having decided as a matter of policy in the middle 1950s to
instal d i s t r i c t and waste meters rather than extend soundings as advanced by

5.30

Sutton
110,000

100
1,100

940
117

8

Mid Kent
193,800

2,056
94

2,500
55
32
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Mr Ingham's predecessor, Mr E.G.B. Gledhi l l . Despite the fact that at
present about 80% of a l l properties could be covered by waste meters.
Mid Kent's unaccounted for waste appeared to be s l ight ly higher than
that for Sutton. Although Mr Ingham had superimposed his Company's
performance on the DoE leakage graph, i t appears that he had not followed
impl ic i t ly the formula for assessing the net night flow, but, on his basis,
the Mid Kent figure would be about halfway up the combined metering curve.
In view of the different approaches, Mr Slater gave a few figures comparing
act iv i t ies and results which he fe l t might, be of interest:

Mains leaks
Service pipe leaks

Total leaks

Waste Meter charts
Step Tests
Soundings
Leaks found
Soundings per leak
Leaks per 100km main
Leaks per 1,000 services
Cost per leak found

Sutton
156

1,522

1,678
-
-

156,000
1,515

103
16.6
13.7

£27.3

Mid Kent
725

8,299

9,024

474
144

92,000
6,027

15.3
20.7
42.8

£14.7*

•includes a l l revenue costs of operating waste meters.

He mentioned in particular that the cost of finding leaks last year in
Mid Kent was £14.70 compared with £27.30 in Sutton. He suggested that this
could be due partly to the fact that the rate at which service pipe leaks
occurred appeared to be three times that for the Sutton area.

Mid Kent offered a free washering service and in 1980/81 dealt with
11,879 taps. He mentioned that the Company also provided a general plumbing
service which was well used by consumers. He was not able to differentiate
between repairs and new work, but the total of invoices for last year was
£540,000. He also supported the idea of water f i t t i n g shops but with one
eye on sales would suggest lady demonstrators rather than retired plumbers!

M.T. SETFORD (The Mid Kent Water Company) wrote that in the paper (p.5.6)
Mr Ingham had detailed the results of a night flow test carried out within
his Company in 1980. Under Item 11, an assessment of metered supplies was
made using 15% of daily flow as an approximation. I t would be interesting
to know how this assessment had been derived as i t did have a significant
effect on the result.

Mr Setford also made a general point regarding the use of the DoE/NWC
chart referred to on p.5.4. He fe l t i t was important to remember that the
chart was compiled using the results of over 500 f ie ld t r i a l s carried out by
the NWC in predominantly urban areas, consequently any undertaking that was
predominantly rural might be misled when using the chart i f they compared
their performance with what might appear to be national averages.
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Author's reply

Mr Ingham, in replying to Mr Crichton, said that the plumbing service provided
at Sutton was not subsidised out of the water rate. To introduce a service
one should start slowly and make a p ro f i t , then reinvest the prof i t back into
the service. A further, but most significant point, was than even i f the
service did not make a p ro f i t , labour costs were s t i l l paid for by consumers
who used the service and not the ratepayer in general.

There had been almost no opposition from local plumbers, even during
times of recession, as most of the work carried out by the Company had a
low prof i t margin. Furthermore, collection of charges for this type of
work was d i f f i cu l t for small plumbers who often relied on regular cash flow.

The cost of detection of leaks had to be paid for by al l ratepayers but
they benefitted from the savings in costs of energy and chemicals which would
otherwise be wasted.

Response to advertising would probably vary in different regions
throughout the country. Perhaps the only solution in this very emotive
problem would be to try a modest publicity campaign and then assess results
before proceeding further.

Mr Mil l ion's contribution was very much appreciated by the author, in
particular, his chart showing the average daily quantity supplied per head
in each Division and Water Company in the Themes Water Authority area.
Comparisons within the south east of England were probably more viable than
comparisons on a national basis. Although there were a considerable number
of different parameters which affected consumption per head of population,
the figures supported the effectiveness of the waste control methods applied
at Sutton.

The author valued Mr Slater's contribution and the useful stat ist ics
he provided. The comparison between Sutton and Mid Kent supported the
philosophy that waste occurred from mains and services and not from the
area of supply. Although Mid Kent has a statutory area 20 times the size
of Sutton, the length of main per property was only twice that of Sutton.
The stat ist ics given by Mr Slater emphasized the number of leaks per 100km
of main at Mid Kent was only 25* higher than at Sutton. The figure for
leaks per thousand services was 212% higher.

Inevitably, the higher the number of leaks per thousand services in a
distribution system, the cheaper i t was to find them. This i l lustrated
the problem facing a l l authorities and companies, whatever the method of
waste control employed: to optimize the rate of detection of leaks so that
the cost coincided with the saving in terms of energy and chemicals. The
savings due to postponement of capital expenditure on new resources needed
to be included in the calculation but would vary signif icantly between one
undertaking and another.
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In reply to Mr Setford, Mr Ingham said that the assessments of the
minimum night consumption of metered supplies shown in item 11 on p.5.6
was an approximation. I t was unl ikely that the problem would ever be
solved completely.

Throughout the year, minimum consumption of metered consumers had been
monitored, par t icu lar ly between 2 and 4 am. Flow recorders were insta l led
each night on approximately a dozen premises and moved to a d i f ferent group
of premises the fol lowing night. This bu i l t up a s t a t i s t i ca l record which
included a l l metered consumers fol lowing a period of six months to a year.
The minimum night flow of each premises was expressed as a percentage of
the annual average dai ly f lew, th is flew being readi ly available from
computer records. Examination of the s ta t i s t i cs had confirmed that

minimum metered night consumption = 15%
average dai ly metered consumption

was a reasonable approximation for the to ta l metered supplies in the
Company's area of supply.

A further advantage of th is approach was that those consumers whose
premises showed a high night flow were made f u l l y aware of th is by the
company's inspectors, and often discovered leakage, which could be
rec t i f i ed , thus helping consumer relat ions.
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6. THE SITUATION IN BELGIUM

By Ir. 3. Dirickx* and Ir. R. Depamelaere**

INTRODUCTION

In 19^5, the Belgian City of Ghent recorded water losses of more than *0 per
cent. By 1955 this figure had been reduced to 25 per cent, to 15 per cent by
1962 and to 12 per cent by 1980.

This example shows clearly what results can be obtained provided that the
motivation is sound and that a thorough approach to the problem is adopted.

The water services of Ghent have always been "leak detection-minded" and
a former Inspector-Director, Mr. R. Despiegelaere, earned an international
reputation in the field of waste detection. Indeed, he was Ceneral Rapporteur
on subject No. 6, "Use of electronic apparatus in waterworks practice with
special reference to waste detection", at the IWSA Congress in London in 1955,
when he presented an excellent paper (1) which still remains of current
interest and which undoubtedly merits rereading.

Mr. Despiegelaere and his co-workers also designed the Aqua-Visual leak-
detector, the excellent performances of which were mentioned in an article in
the Institution's Oournal in 1955 (2).

THE ORGANIZATION OF THE WATER SUPPLY IN BELGIUM

In Belgium, responsibility for water supply rests with the municipalities and
it is up to the local authorities to choose their own ways of supplying their
residents with drinking water. A great many municipalities have set up
"Intermunicipal Companies", which are responsible for specialized technical
activities such as the supply and distribution of potable water.

The most important examples of these companies are:-

- B.I.W. (Brusselse Intercommunale Watermaatschappij -
Brussels gaterworks), which, with a yearly distribution
of 110.10 m of potable water, supplies the 19 munici-
palities of Brussels capital and 52 other municipalities.

- The A.W.W. (Antwerpse Waterwerken - Antwerp-Waterworks)
Which, with a yearly distribution of 125.10 m of water,
supplies the City of Antwerp and 13 suburbs.

These companies, together with the N.M.W. (Nationale Maatschappij der
Waterleidlngen - National Waterworks) which has a yearly distribution of
160.10 m of water, are the three largest in the country; they also provide
significant bulk supplies of water outside their own areas.

The N.M.W. was founded in 1913 to provide water supply services in areas
not covered by the municipalities.

* General Manager, Antwerpse Waterwerken, Belgium;
** Chief Engineer, Department of Engineering, Antwerpse Waterwerken

6 1



IWES: AN UNDERSTANDING OF WATER LOSSES

In addition to the above mentioned units, which together supply about
70 per cent of the drinking water in Belgium, there are some other important
companies:-

- P.I.D.P.A. (Provinciale en Intercommunale Drinkwater-
maatschappij der Provincie Antwerpen - Provincial and
Intermunicipal Drinking Water Company of the Province
of Antwerp);

- T.M.V.W. (Tussengemeentelijke Maatschappij der Vlaanderen
voor Waterbedellng - Intermunicipal Water Supply Company
for Flanders);

- C.I.E.A.L.E. (Compagnie Intercommunale des Eaux de l'Ag-
glomeration Liegoise et Extensions - Intermunicipal Water
Supply Company for the conurbations of Liege and its
extensions).

Each of these companies supplies in a year between 30.10 and 40.10 m
of water which, together with the cities of Ghent and Liege, represents a
further 20 per cent of the total demand for Belgium. The remaining 10 per
cent is supplied by about 200 smaller companies.

All the water supply companies belong to the public sector. The munici-
palities, Provinces, and State are their only shareholders.

In order to obtain information for inclusion in this paper a questionnaire
was sent to each of the above-mentioned water supply companies, with the
exception of Lifcge and CIEALE.

Figure 1 shows the supply zones of these six companies. It should be
noted that their yearly supply of water is not necessarily proportional to the
area of the supply zones because of the different densities of population and
industry and because of the quantities supplied by some companies outside their
actual supply zones. This applies especially to Antwerp and Brussels

It should also be observed that all Belgian water supply companies have
metered supplies, with the exception of the A.W.W., where the domestice con-
sumers have a free choice between invoicing after registration via water
meter or payment of a fixed charge, calculated according to the number of
sanitary appliances in the house. By the end of 1980, 17 per cent of the
consumers had opted for metered supplies, and this follows a trend which is
increasing,

HISTORY OF THE DEVELOPMENT OF LEAKAGE CONTROL IN OELCIUM

N.M.W. (National Waterworks)

This company checks both the registered and the unregistered consumptions.
The latter figure includes, besides water losses, also water used for fire-
fighting and public cleansing-services, etc. An exact figure for water losses

cannot easily be given. Some figures are given below in m per head and per
year:-

Registered consumption Unregistered
consumption

1975 106 35

1979 111 39
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The Company has subdivided its supply area into zones which include
between 5 000 and 10 000 communication pipes. The consumption of these zones
is registered fortnightly.

If the consumption shows a striking rise compared to the corresponding
period in previous years, the night flow (registered between 0 and <* hr) of
the zone is measured during the weekend and checked. The night flow of all
zones is registered at least once a year. The apparatus used records both the
immediate and the total flow. If the minimum immediate flow in a rural area,
expressed in 1/scrvice pipe/hr, is found to exceed 5, the zone where leakages
are thought to exist is located by shutting off sectors.

A.W.W. (Antwerp Waterworks)

Until 1952, only the listening stick was used by the Antwerp Waterworks.
The Company then designed its own acoustic listening device which remained in
use until 1956. From then until 1961, the Aqua-Visual leak detection referr-
ed to above was used. From 1961 until the present time an acoustic
apparatus (Testpatex, from Sewerin, Germany) has been found to give satisfact-
ory results.

In addition, another piece of apparatus has been in use since 1978 which
measures the differential temperature of the road surface. The experiences
gained with this apparatus are mentioned below.

Between 1946 and 1956 a systematic leakage detection programme was under-
taken, especially in the older parts of the city (the A.W.W. has been in
existence since 1881). The work was necessary because the distribution system
had suffered heavily as a result of damage sustained during the Second World
War. Leaks were detected in the day-time and located by night.

After 1959 no systematic leakage control programme was carried out. The
work was considered to be no longer viable, since most of the important leak-
ages had been repaired and because a large-scale programme of replacement of
the worst affected mains had been started in 1950. Nevertheless, after every
winter a systematic leakage detection procedure is still carried out on the
oldest mains.

A system for the examination of all consumers' pipes and water fittings Is
operated by the Company. The workforce comprises a team of eight men, and
each household is inspected once during a ten-year period.

Since there are no water towers in its supply area and the pressure in
the distribution system is regulated by varying the revolutions of the centri-
fugal pumps in the main pumping station, the Company is easily able to control
the pressure. For many years the pressure has been reduced from 3.2 to 3 bar
between the hours of 10 p.m. and 6 a.m. This arrangement saves energy costs,
end reduces water losses and the chance of bursts.

In the case of fires, the pressure can be increased at the request of the
fire service.

B.I.W. (Brussels Waterworks)

Because of the rapid expansion of the Belgian capital and the absence of
local water catchnents, this Company has, since its foundation in 1891, been
confronted with the problem of water shortages so that ideas like "economical
use" and "fight wastage of water" were propagated from the very beginning, and
the population has been educated to that effect.
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The water catchments and the entrances towards the municipalities-partners
are equipped with water-meters, the information from which is processed and
checked in a dispatching centre.

It should also be mentioned that, due to the undulating nature of the
supply area, it is divided into four pressure zones which sometimes involves
the placing of several meters at the entrances of one municipality. All flows
are recorded weekly so that the data can be compared to the results of the
previous week and possible abnormalities detected.

Whenever irregularities occur, measurements of the minimum night flow are
made. This is done systematically in order to locate the suspected zone, and
a leak detection survey is then carried out with sounding apparatus.

When the quarterly charges are submitted to the municipalities, the
quantities involved are compared to those of the previous years. Once a year
the water volumes supplied to each municipality are compared with the sum of
its consumers' meters so that figures relating to leakage can be calculated.
At the same time these figures are compared with the figures of the previous
year.

Since 1950, teams have sounded the distribution network regularly and the
complete system is checked every two years. Since the end of the 1950s more
accurate water meters have been installed.

P.I.P.P.A. (Provincial and Intermunicipal Company of the Province of Antwerp)

This Company supplies drinking water to an extensive and rural region.
The supply area is divided into 12 sectors, each either with its own water
catchment or linked Co the mains of another company. Water meters are in-
stalled which register the net consumption per sector.

These quantities are compared yearly to the total quantities supplied to
the consumer. This difference, which remains limited to 15.5 per cent of the
available quantities, is considered acceptable. The Company considers that
the creation of a special service for systematic leakage control is not justi-
fied, since the distribution network is extremely extensive and relatively few
mains are located under roads so that possible leakages can easily be noticed
and located. The cost of the leakage detection service would be higher than
the value of the water saved and the damages caused.

T.H.V.W. (Intermunicipal Water Supply Company for Flanders)

In order to detect leak noises, only the listening stick was originally
used; this was subsequently replaced by a simple stethoscope. By the end of
the 1950s, a leakage detection apparatus which incorporated an amplifier and
a special recorder-microphone was taken into service. Later the efficiency of
the apparatus was markedly improved by using frequency-filters.

For the systematic control of certain municipal networks, specialized firms
were used initially. At first, the leak detector was used only at night but
since 1980 good results have also been obtained during the daytime.

The total supply via municipal main water-meter is compared, on a yearly
basis, to the quantities delivered to the customers' water meters. The
consumers' evolution indicated by the municipal main meter, is also followed
and interpreted.

When important water losses are suspected, the night flows are checked
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and the affected zone is divided into sections. In order to find the exact
location, a leak detector (Aquaphon) is used. A systematic leak detection
programme is not operated.

Ghent Waterworks

The remarkable results obtained by this Company, referred to in the intro-
duction to the paper, are due, on the one hand, to the change-over to velocity
and volume-meters (which give better results) and, on the-other hand, to the
introduction of a systematic control of the distribution system with the aid
of leak detectors. It was this Company which developed the Aqua-Visual leak
detector (2). Nowadays the network is divided into leakage-zones which,
according to their importance, are tested every two years or yearly.

REASONS FOR THE PRESENT LEVEL OF LEAKAGE CONTROL

Almost all authors of articles on leakage control refer to the important
financial consequences of non-leakage detection:-

- higher exploitation cost (more raw water, chemical
products, and energy);

- higher investments (because larger production plants and
mains become necessary);

- eventually earlier investments for new sources;

- damage to roads, mains, cellars, foundations of houses etc.

Although the Belgian water supply companies who were involved in the
survey undertaken to gather information for this paper were undoubtedly aware
of these considerations, the efforts made to detect and repair leakages are
very dissimilar, as the above historical survey has shown.

Some companies are conscious that all water losses should be avoided and
that efforts to this end are worthwhile. The city of Ghent is convinced that
the total cost of its leakage control corresponds with a leakage of only
1 per cent. Other companies find it more difficult to estimate the profits
of leakage control and prefer rather the equilibrium which they deem to have
obtained.

The PIDPA Company is the only one which doubts the value of a leak detec-
tion service, for reasons which have already been given.

POINTS OF LEAKAGE

The figures supplied during the survey show that the percentage of water lost
by leakage is considered to lie between 12 and 26 per cent of the total
distributed water. These water losses are divided as follows:-

leakage from service reservoir
" " water-towers
" " trunk mains
" " distribution mains
" " service pipes
" " customers' pipes on

premises
errors of measurement
unauthorized and unknown use
others

0-1
0-1
1-3
3-7
2 - 3.5

0.5 - 1.5
1-8
1 - 1.5
0 - k
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Excluding the leakages due to the damages inflicted on mains by works
executed by third parties, the most important factors causing leakages are,
in declining order - age of mains, traffic, ground movement, defects in
materials and joints and corrosion.

In his 1981 lecture to the Technological University at Delft, Mr. E.C.
Reed (3) pointed out the phenomenon of an increasing number of bursts after
a severe winter (1963) and a warm summer (1976). The A.W.W. Company has had
the identical experiences, but especially after a severe winter. The
increase in the number of bursts after a warm summer has been far less strik-
ing.

It is regarded, in Belgium, as good practice to repair leakages as soon
as they are discovered, and it is assumed that this is also the view of
engineers in other countries. In Belgium many companies have special repair
groups who are on duty at night and during the week-ends and public holidays,
so that leakages can be dealt with immediately.

Ihe practice of the renovation of mains is rarely applied in Belgium. A
few years ago, the Antwerp company renovated an old 0 500 mm cast iron main
at a cost of about one-half the price of a new main. Encrustations were
removed from the main with scrapers and cement mortar was then centrifuged
onto the leaned pipe wall.

P.I.D.P.A. was also interested in this method of renovating one of its
mains but was unable subsequently to obtain such competitive quotations for
the work.

As a general rule one may assume that, except under difficult working
conditions, the replacement of a main under 0 300 mm in size seems to be less
expensive than renovating it.

Amongst Belgian water supply companies it seems to be a generally accept-
ed policy to have the complete replacement of mains carried out when road con-
struction or repair works are being undertaken. Obviously, the high cost of
repair works to roadways is a reason for this.

Since 1977 the A.W.W. has used special forms (Fig. 2) for the registrat-
ion of bursts and leakages in the distribution network. These forms are
designed to gather as much information as possible concerning the leakages,
and they are completed by the workmen who repair the leak. There are selected
answers in each column of the form, and the appropriate one has to be ringed.
After each form has been checked by the "ganger" for completeness and
accuracy, the information is fed into a computer. The stored data can then be
used for a variety of purposes e.g. to draft a replacement programme for pipes;
for an examination of the causes of the bursts; for an appreciation of materials
used; and possibly for an assessment of probable future leaks.

WATER-METERS

The experience of the City of Ghent has shown that the remarkable decrease of
the figures for leakages was due, apart from a systematic leakage control pro-
gramme, to the replacement of' the existing water-meters by more accurate
apparatus.

The T.M.V.W. estimates that at the present time some 8 per cent of its
leakages are due to errors in the flow measurements.

On 16th February 1977 a Royal Decree was published in Belgium which de-
fined the regulations for cold water-meters, the working of which is based on
a direct mechanical system using measurement-chambers with movable walls or
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on the velocity of the water on the rotation of a movable organ. They are
therefore called volume or velocity water meters.

When drafting this Royal Decree, the Council Directive 75/33/EEC of the
European Economic Community dated 17th December 197<f concerning the mutual
adaptation of the legislation of the Member States regarding cold water meters
was taken into account.

This Decree came into force on 1st May 1977; however, the water supply
companies have a period of 12 years in which to conform to these new
regulations.

It will be seen from the following table, which forms part of the Decree,
that the zone 0 , -Q. is very small while the zone Q.-Q is very large. Themin t t max
greatest acceptable mistake in the lower zone from Q , till Q is 5 per cent

at the first gauge and 10 per cent when in operation. The greatest acceptable
mistake in the higher zone from Q till Q is 2 per cent at the first gauge

and *f per cent when in operation.

Class Qn

15 m3/h > 15 m3/h

Class A

Value of Q , 0.0* Q 0.08 Q
min n n

Value of Q t 0.10 Qp 0.30 Qn

Class B

Value of Q m i n 0.02 Qn 0.03 Qn

Value of Q,. 0.08 0 0.20 0t n n

Class C

Value of Q m i n 0.01 QR 0.006 Qn

Value of Q. 0.015 Q 0.015 Q
t n n

Taking into account the fact that Q = 2 Q , the mistake is reduced to
max n

max. k per cent for 85 per cent of the range of load in Class A, for 90 per
cent in Class B and for 92.5 per cent in Class C.

Most water-meters in the cutomers' premises are small capacity volume-
meters or large capacity velocity-meters of the Woltman-type.

The water leaving the treatment works is usually measured in the trunk-
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mains by venturi-meters. However, in some of the newer applications,
electro-magnetic flow meters are used. The accuracy of the two meters is 3
and 1.5 per cent respectively.

APPARATUS USED BY THE A.W.W.

The most commonly used device is the old type of ear stick or listening stick.
By preference one listens using the ebonite ball which is located in the fire-
hydrant where the sound intensity is much stronger than it would be on a valve
either in the distribution main or on a communication pipe (main stop-cock).

With the aid of this ear stick, the zone in which the leakage has occurred
is determined as near as possible. Next, the Testpatex (from Sewerin) leak
detector is used. In this piece of apparatus a feeler is placed on the ground
and an amplifier is used to give both an acoustic and a visual signal. The best
results are obtained when the apparatus is used on paving stones and cobbles.
The detector is less accurate when used on concrete and asphalt and its worst
applications are on loose earth.

The reduction in efficiency when used on concrete and asphalt surfaces is
probably due to the presence of hollows caused by subsidence under the road
surface which helps to deaden the leak noises. Paving stones might have sagged.
The fact that detection is better on covered roads than on loose earth is
probably due to the improved conduction of the cover so that, at a certain
distance from the leakage, the signal would be much clearer when the road is
covered.

It has been found that leak noises can suddenly stop in winter. A
possible explanation for this could be the fact that the frost causes the
leaked water to collect around the leak, so deadening the noise.

It is commonly known that leakage detection is easier on small diameter
pipes which are under high pressure. The Testpatex cannot be used under con-
ditions of heavy traffic or when it rains. It can replace the ear stick by
placing other feelers directly on fire-hydrants, valves and main stop-cocks.

Combined with and in addition to these listening devices, an apparatus
"Instatherm" was taken into service in 1978. It is shaped like a revolver and
when pointed to the ground it measures the infra-red radiation of the soil.
The apparatus is very sensitive and indicates every variation of temperature.

If there is a reasonable difference between the temperature of the soil
and the water in the distribution main, and if there is a leak and the water
reaches the underside of the road surface it will be recorded by the meter.
However, the apparatus also registers, depending on the depth, electricity
cables and sewers. The apparatus is extremely sensitive, so much so that it
ivill detect, in sunshine, the slightly higher temperature of a spot in a road
surface whichi is darker in colour than the surrounding area. With frost and
sn.ov, the; efficiency is rather questionable.

The use of these apparatus requires much experience on the part of the
personnel and a great deal of common sense if the right conclusions are to be
reached.

MEW APPARATUS

Although the above-mentioned apparatus, used by skilled and dedicated
personnel, give reasonable satisfaction, many negative experiences are
registered which leave many "dry holes".
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The Leak Noise Correlator (L.N.C.) which has been developed by the Water
Research Centre (W.R.C.) in England and Plessey undoubtedly represents an
enormous step forward in the field of leak detection. In Belgium, much was
expected of this apparatus and in December 1980 tests were carried out on it
in the cities of Antwerp, Ghent, and Charleroi. Early reports indicated that
in Antwerp and Charleroi the L.N.C. succeeded in locating the exact spot of
the leakages, where other apparatus had failed to do so.

In 1981 an article by two engineers from the Compagnie Generale des Eaux
in Paris (*») described the DF 02 leak detector and gave details of some test
results. This piece of apparatus is also based on the principle of the
acoustic correlation, as developed by the \VRC., but it was supplied by the
French firm of Metravib, which specializes in the field of vibrations and
sound. The article pointed out two essential differences with the LNC,:

(1) The use of a "Multi-point correlator" which determines the correlation
factor of W O delay-values simultaneously.

(2) The possibility of selecting the frequency band with separate high and
low frequency filters.

In addition, the delay-time and the distance are directly visual on the
apparatus. The following table gives the comparative results of leakage
detection in the Paris suburbs both following the classical method and with
the DF 02. ;

Appreciation of Classical Correlation
the results method method

good itl% 82*

difficult 18% 2*

bad kl% 16%

In their article the authors point out that the percentages in this table have
only a relative value and that both systems are complementary. By their joint
use, almost all the leakages could be traced.

During 3une 1981 a leak in the distribution system of the Antwerp Water-
works which had defied detection using the Company's own methods was quickly
located with the help of the Metravib apparatus.

It is reported that Metravib intends to change the apparatus so that the
signals from the pre-amplifiers on the transducers will be transmitted by
radio signal to the comparator.

FUTURE POLICY OF LEAKAGE LOCATION

The replies to the questionnaire circulated in connection with this paper
indicate that most of the water supply companies in Belgium are satisfied with
their existing policies, and that at present only some of them plan to increase
the manpower devoted to leakage detection. Nevertheless, it is likely that as
the new acoustic-based equipment receives more publicity there will be a renewed
interest in the whole approach to the subject.
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However, it must not be forgotten that even with the help gained from
the new apparatus, leakages in plastic pipes are difficult to detect, and
this fact will affect the views of those companies which use this material
extensively.

All efforts to improve efficiency in leak detection, particularly with
the aid of more sophisticated apparatus, must be encouraged. But it must be
remembered that even the best equipment will only give good results if it is
operated by a skilled and properly motivated workforce. Great importance must
therefore be attached to the selection and training processes of such
personnel. ,
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Translation of Fig. 2.

BURST FORM DISTRIBUTION NETWORK
(not to be usecj for damage to stopcocks - fire hydrants - service pipes)

1, 2 LOCALITY 3-6 STREET 7-10 HOUSE NUMBER
11-16 DATE FORM COMPLETED 17-20 GANGER'S WORK NUMBER

21-24 DIAMETER 25 MATERIAL
1 asbestos
2 ductile iron
3 steel
4 reinforced

concrete with
steel core
(type 1)

5 reinforced
concrete with
steel core
(type 2)

6 prestressed
concrete
(type 1)

7 prestressed
concrete
(type 2)

30-31 SPECIAL LOCATION OF PIPE
01 no special location
02 under railway or tramway
03 through sewer (with sleeve)
04 over another pipe without contact
05 under another pipe without contact
06 resting on another pipe
07 another pipe resting on it
08 shallower than usual
09 deeper than usual
10 bad backfill
11 resting on hard object
12 defect in rigid pipe (not loose

coupling)
13 soil corrosion
14 within a sleeve pipe
15 badly corroded
16 other

27 TRAFFIC CONDITIONS
1 heavy
2 light

28 KIND OF BURST
1 radial
2 longitudinal
3 'shell1 burst
4 small hole
5 corrosion

29 ANY DAMAGE CAUSED
BY LEAK?

1 no
2 yes

26 LOCATION
1 under road

(asphalt)
2 under road

(concrete)
3 under road

(cobbles)
4 under road
(unmetalled)

5 under pave-
ment (not
under garage
entrance)

6 under pave-
ment (under
garage
entrance)

7 under small
watercourse

8 in conduit
9 other

32-33 SPECIAL LOCATION OF BURST
01 no special location
02 screwed junction with service pipe
03 saddle junction with service pipe
04 anchorage point
05 junction with special connection

(valve, standpipe, etc.)
06 defective special connection
07 flanged joint
08 lead joint
09 rubber sealing ring
10 'Selftite' coupling (asbestos

cement)
11 'Cornete' coupling (asbestos

cement)
12 'Gibault' (Victaulic) coupling -

old
13 'Gibault1 (Victaulic) coupling -

new
14 sleeve coupling
15 ductile iron sealing
16 reinforced concrete with steel

core (lead seals)
17 reinforced concrete with steel

core (welded seals)

Continued ...
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continued

3<f REPAIR METHOD
1 radial burst - sleeved
2 radial burst - replacement of

special connection
3 repair of lead joint
4- no radial burst - replacement of

pipe length
5 repair kit for special type of pipe
6 other

18 expansion joint for use with valve
19 Johnson coupling
20 lead flange coupling
21 rubber flange coupling
22 rubber seals 'Sentab' type
23 rubber seals 'Socoman' type
24 ductile iron rubber express coupl-

ings
27 flange damage
28 flange bolts damaged
29 other
(25 and 26 no longer applicable)

5 Frozen ground?
1 no
2 yes

36

1
2

Special
circumstances
(not covered
elsewhere on
form)
no
yes
(space provided
for comments)

FOR OFFICE USE

Year pipe installed Water temperature Ground temperature
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DISCUSSION

Authors' introduction

Ir Depameiaere introduced the paper on behalf of both authors by saying that
Antwerp Waterworks (AWW) had always supplied water without metering the
quantities. I t was the only company in Belgium to do so, as i t was their
opinion that the supply of drinking water should be regarded as providing a
service rather than as supplying a product.

Domestic consumers were charged a fixed ta r i f f based on the number and
type of plumbing f i t t ings on their premises ( i . e . the more f i t t ings and the
more water they used the higher the t a r i f f ) . A consumer's f i t t ings were
examined by an AWW inspector, and a proposed ta r i f f for that consumer
calculated. I f the consumer rejected the proposed ta r i f f a water meter
was installed, and the consumer charged on the basis of his consumption,
plus a standing charge. For an average family in Antwerp, paying the
fixed tar i f f , the charge for water represented less than \% of the lowest
yearly income. I f general metering were introduced charges would have
to rise by about 10%.

Industrial consumers were charged on the basis that they could take
water at night for 50% of the day time ta r i f f . This led to a
considerable reduction in the maximum demand imposed upon the water company.
In 1955 when the system was introduced the maximum flow was 1.6 times the
average flow. By 1970 by which time the development of the industrial
zone had almost ceased this figure had dropped to 1.15.

The AWW attached great importance to informing their consumers of the
importance of economical water use. Various means, including visits to
the company's works by members of the public, exhibitions, and slogans on
the company's stationery had been used. In recent years the company had
adopted a policy of equalizing the amounts paid by domestic consumers on
the metered and fixed ta r i f f systems. This had resulted in reductions of
up to 10% in the amounts payable by fixed ta r i f f customers. When these
reductions were made i t was emphasized that this was a result of water
savings made during the previous year.

The f i r s t technical regulations for interior plumbing (the equivalent
of byelaws) had been introduced in Antwerp in 1955. A team of eight
inspectors was employed in checking the plumbing on consumers' premises
to see that the technical regulations were observed and that the number
of f i t t ings agreed with the number given in the contract between the
consumer and the AWW from which the fixed ta r i f f was calculated. This
operation was self-financing: the increased revenue from the extra
f i t t ings found covered the costs of the inspection.

The Belgian water supply companies a l l belonged to an association (called
Navewa in Dutch and Anseau in French) which existed to defend their interests.
In the interests of the consumer Navewa had introduced a label which was
attached to" water f i t t ings which met Navewa's regulations. At present
these were limited to preventing pollution in the consumers plumbing or
the distribution system by flowbacks, but the idea of fighting water waste
by denying approval to f i t t ings which used excessive amounts of water was
slowly gaining ground.
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Discussion

G.W. KNEEN (Welsh Water Authority) congratulated the authors on their paper.
The zoning of distribution areas for the purpose of waste control had been
noted with interest and, in particular the size of the zones adopted by the
NWW. Zones of between 5,000 and 10,000 communication pipes had been found
to be impracticably large in Wales and in consequence areas containing
between 1,000 to 5,000 connections had been adopted as meter zones.
The importance attached to the development of electronic listening devices
by several Belgian water undertakings had^lso been noted with interest,
as had been the comments regarding the d i f f icu l t ies experienced in locating
leakages from plastic pipes. I t would be most useful to have information
regarding any improvement which had been achieved by the use of electronic
listening devices in connection with waste detection on plastic systems.

The seasonal increase in pipe fractures was noted. Similar seasonal
variations were experienced in the Welsh Region. A midwinter increase in
the incidence of burst mains was particularly noticeable in areas overlying
mine workings but in limited areas there was evidence of an autumnal
increase in fractures. I t was assumed that this was due to a change in
the underground water table but factual information was d i f f i cu l t to obtain.
A better understanding of these aspects might enable mains to be laid which
were less prone to leakage from fracture.

Although i t was accepted that inaccurate meters were misleading, i t
was d i f f i cu l t to understand how this increased actual leakage. I t would
be appreciated i f this point could be explained.

I t was disappointing to note that the renovation of old mains of less
than 500mm was rarely undertaken. In Wales the renovation of smaller
mains had been undertaken with considerable success. Technical experience
of the scraping and l ining of underground pipes was indicating that,
particularly where mortar l ining was used, the strength and watertightness
of systems was increased at a much smaller expenditure than that required
for renewal.

W.J.F. RAY (Thames Water Authority) commented that the paper was of
considerable interest in i ts description of the Belgian situation regarding
water losses, and particularly the reported reduction in the losses in
Ghent from 40 to 12%. As the leak detection system used in London was
understood to be similar to that used in Ghent, i t was interesting to
compare the reported losses for Ghent with the figure of 20-382 given
for 'unaccounted' water in London in a recent internal report on water
losses. I t would be helpful i f the authors would quantify the manhours
employed on waste control in Ghent for comparison with the current 188,000
manhours per annum engaged on this for the 6m population of London.

With reference to the renovation of mains, the authors had stated that
renovation of mains was rare in Belgium, that cleaning and cement mortar
lining costs were approximately 50% of the cost of a new main of 500mm
diameter, and that renewal of mains of under 300mm diameter was the
cheapest option. Mr Ray inquired i f the authors regarded cement mortar
lining as constituting fu l l renovation and to what extent did they believe
this l ining provided a permanent seal against leakage. He considered fu l l
renovation as the process of rel ining with a smaller diameter pipe or with
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an internal coating having significant hoop strength. For example,
insertion of HDPE pipe or glass fibre reinforced mortar l in ing; another
option was the 'Insituform' process, in current use for sewer rel ining.
The authors were therefore asked to comment on the extent to which this
type of renovation was being pursued in Belgium. There was also the
problem of repairing leaks and of remaking service connections onto relined
pipes without excessive excavation. Here the possibi l i ty of vacuum excavation
and of remote insertion of ferrules was under study by Thames Water Authority.

In conclusion, the authors were asked i f they had any information on
the incidence of leakage in mains related to their age. There was recent
evidence that there might be increased leakage from newer thinner walled
ductile pipe, possibly due to corrosion p i t t ing.

R.A. PEPPER (Sunderland and South Shields Water Company) complimented and
thanked the authors for describing the problems of leakage control in
Belgium and the techniques of leak detection currently in use there.
Descriptions of the experiences of others were always valuable. The
authors had referred to the d i f f i cu l ty of detecting leakage in plastic
pipes, and he drew attention to a technique currently being used with
success within his own Company. The technique involved the insertion
of a small radio transmitter in a foam swab which was then pushed through
a suspect plastic main by controlled flows of water. Simultaneously an
operator with a radio receiver walked along the surface of the ground
following the transmitter. The point where the transmitter stopped,
or showed a marked reduction in forward progress, indicated the location
of a break in the main. The technique had been used successfully with
plastic pipes ranging in size from lOin down to 4in diameter.

G. W00LT0RT0N (Welsh Water Authority) said that he would l ike to hear more
of.how the leakage detection work was organized in Belgium. In general,
within the Welsh Water Authority the work of leakage detection was carried
out by manual operatives who were paid a bonus linked to their performance.
Several methods of assessing performance had been devised on which bonus
payments were currently being made but none were entirely satisfactory.
For example, some men were paid more, the more leaks they located, while
others had their bonus linked to the quantity of leakage in the areas in
which they were employed ( i .e . the greater the leakage the smaller the
bonus). I t had also been confirmed within the Welsh region that a large
proportion of the time of 'waste inspectors' was spent on duties unrelated
to waste detection such as dealing with consumer's complaints. The
in i t i a l assessment therefore which was carried out in Wales to ascertain
the level of act iv i ty and cost of waste detection was very misleading.
I t was found that in practice very l i t t l e time was being spent on waste
detection, despite the fact that on paper the Authority had a good number
of waste inspectors. Waste detection in many areas had been relegated
to a low pr ior i ty and was only carried out i f time permitted. The
Authority had adopted a policy two years ago which would ensure ultimately
that these weaknesses were overcome. Waste inspectors would be employed
on waste detection ful l- t ime in future and the bonus incentive schemes
would be rationalized to provide better motivation.

Mr Wooltorton asked the authors to give details of how waste detection
work was carried out in Belgium. Were the waste inspectors manual workers
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or staff and were any financial inducements paid? What were the number
of workers employed ful l - t ime on leakage detection work, and what was this
when expressed in terms of manpower related to population or connections?
Was i t possible to give the level of leakage in the urban AWW area with
the more rural PIDPA in comparable terms?

T.R. ELLSON (Southern Water Authority) asked for more details of the
arrangements for industrial consumers to take water at cheaper rates at
night. Presumably time solenoid valves were used.

I.V. YOUNG (Southern Water Authority) asked i f the authors had made an
analysis of their data on mains bursts and leaks. Had any correlations
between bursts and environmental and constructional factors been
established?

Authors' reply

The authors thanked a l l the speakers, both for their questions and for the
information they provided. In reply to Mr Kneen they said that the NMW
had found no particular problems with waste control zones of between 5,000
and 10,000 connections.

The AWW had no plastic mains in i t s distr ibution system, so they had
no practical experience in leakage detection on such pipes. The other
Belgian water supply companies who used this material, confirmed the
d i f f i cu l t ies which arose when detecting leakages in plastic pipes.
I t was to be regretted that even the LNC and the French Hetravib-apparatus
offered no solution to that problem.

With regard to meter accuracy, i t was obvious that, i f , as a result
of introducing new water meters, the quantity of unaccounted for water
diminished, only the errors of measurement decreased and not the actual
leakage.

They were surprised to learn that in the UK the renovation cost for
pipes up to a diameter of 300mm only amounted to one-third of the renewal
cost, and regretted not being able to obtain such favourable conditions
from Belgian contractors. They hoped that this situation would change
in the near future.

Replying to Mr Ray, they said that within i ts supply area, Ghent had
263,980 inhabitants and about 84,000 connections, in a 912km distribution
system. Registered water consumption was 12,141,725m3 in 1981, and
3,420 manhours were spent on leak detection. Antwerp employed two waste
inspectors for 142,000 subscribers representing a population of 600,000.
Water losses were estimated at s l ight ly more than 12%. In the rural
areas covered by the PIDPA losses were estimated at 15.5%.

The most important advantages of cement mortar l ining were the
improvement of the flow characteristics and the prevention of new
incrustation. As the cement mortar l ining also improved the strength
of the pipe, i t would also influence positively the prevention of new
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leakages, although i t could not stop up ex is t ing leaks.

As previously stated, renovation was rare in Belgium, because of the
unfavourable p r ice , but whenever i t was done, cement mortar l i n i ng was
applied. HDPE-pipe or glass f ib re reinforced mortar l in ings had not
been used.

So fa r , duct i le iron pipes had posed no corrosion problems at a l l .
Their resistance to corrosion seemed to be at least as good as that of
grey cast iron pipes. The wall thicknesses of the duct i le i ron pipes
which were used in Belgium were as fol lows(without the thickness of the
cement mortar l i n i n g ) :

The
1 be

Year

1978

1979

1980

1981

diameter, mm

100

150

200

300

wall thickness
l i n i n g ) ,

(excluding
mm

6.1

6.3

6.4

7.2

relat ionship between bursts and the age of d is t r ibu t ion mains
established by the AWW as fol lows:

to ta l
number

of bursts

(a)

151

186

173

223 •

percentage
of (a) for
circumfer-

ential burst
(b)

95%

92%

87%

93%

percentage
of (b) for
grey-cast-
iron pipes

(c)

80%

87%

71%

73%

percentage
of (c) for
mains la id
before 1940

(d)

72%

61%

82%

61%

The authors thanked Mr Pepper for the information on detecting
leakages in plastic pipes. The use of a radio transmitter in a foam swab
was known in Belgium, as i t was applied to locate the swab when cleaning
larger mains. The successful use for leak detection of the fact that
the swab stopped or proceeded slowly as soon as a burst was encountered
was previously unknown to them.

Mr Wooltorton had mentioned the payment of bonuses to waste inspectors.
In the Belgian water industry, no bonuses linked to performance were paid.
This applied to a l l ac t i v i t ies and functions, not only to leakage detection.
Generally speaking, they considered that the system of bonuses presented
more disadvantages than advantages.
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In response to Mr Ellson's request, the authors gave the following
information. For peak flows up to 40nvvh, mechanical equipment consisting
of a volumetric meterand a flow l imiter was used. The latter consisted
of a regulating valve, the outlet of which was regulated by the combined
action of a spring and a membrane acting on the control rod. By adjusting
the tension of the spring i t was possible to l imi t the peak flow. A pulse
emittor was installed on the meter mechanism. This activated a pulse
counter which was switched on at the beginning, and off at the end, of
the night t a r i f f period by a time switch. The electric power required
to operate the system had to be supplied by the consumer. Failure to
do so resulted in a l l water consumed being charged at the daytime ta r i f f .

For consumers whose peak flow exceeded 40m3/h an electro-mechanical
system was used. (The highest peak flow encountered in 1980 was 920m-yh).
A pollux water meter, equipped with a 'polypuls' head, a magnetic coupling,
and a rotating counter was installed. The polypuls head contained an
osci l lator, the impulse frequency of which was determined by the rotational
speed of the water meter turbine, i .e. by the flow. These impulses were
converted to a dc current (0-20mA) proportional to the flow. The polypuls
head also contained a microswitch, operated by a cam on the drive shaft
of the counter to open and close once per revolution of the shaft. The
dc current from the convertor was fed to the contact points of the switch
and the resulting electrical pulses counted by a time switch operated
counter.

A flow recorder and a two-step on/off controller with minimum and
maximum contacts were connected in serious with the dc c i rcu i t . This
operated a butterfly valve installed on the consumers' premises to control
the flow within preset l imi ts . Once again the electric supply had to be
supplied by the consumer, but a backup system incorporating a battery and
a clockwork mechanism were installed in case the current fai led.

In reply to Mr Young, they said that a recent study of the correlation
between bursts and other factors had been carried out but i t was too early
to draw any definite conclusions. The results were as follows:

Correlation between bursts and t ra f f ic

Year

1978

1979

1980

1981

Number of
bursts

(a)

151

186

173

223

Percentage
of (a) for
bursts in
roadways

(b)

67

74

66

67

Percentage
of (b) for
bursts in
busy streets

(c)

50

46

42

42
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Correlation between bursts and temperature

1.

Year

1978

1979

1980

1981

Water

Number
bursts

la)

151

186

173

223

temperature (Surface-water)

of Percentage
of (a) fo r
bursts at a
water-temp.

21

52

28

41

Percentage
of (a) for
bursts at a
water-temp.

43

56

36

50

Percentage
of (a) for
burst of a
water-temp.

*~fd)

60

64

56

60

Year

2. Ground temperature (minimum temperature of the air at
ground level)

Number
of
bursts

(a)

Percentage
of (a) for
bursts at a
ground temp.
< l ° C

(b)

Percentage
of (b) for
bursts on
an increas
ing part
of the temp,
curve (c)

Percentage
of (b) for
bursts at
peaks or
valleys of
the temp,
curve (d)

Percentage
of (b) for
bursts on
a decreasing
part of the
temp, curve

(c)

1978

1979

1980

1981

151

186

173

223

38

58

31

55

7

38

41

32

?

50

47

39

7

12

12

29
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7. AN ECONOMIC APPROACH TO WASTE CONTROL: A SECOND LOOK.

Dr Judith A.Rees, BSc(Econ), MPhil*

The usual economic approach to efficiency losses within
the water industry, with its emphasis on allocative losses
will be questioned. Losses which arise from leakage,
failure to develop transfer networks and the use of an
unduly high quality and/or quantity of supply for specific
purposes will then be considered. It will be argued that
although suppliers are now paying more attention to
measures which increase the efficiency in use of existing
resources, considerable scope still axists to reduce
water and financial losses within the industry.

INTRODUCTION

It will no doubt be a relief to all that this papsr will not be a conventional
theoretical treatment of wastage within the water industry, but will attempt
to take a pragmatic approach, recognising the practical constraints under
which decision makers within the industry must operate. As in the paper
presented at your 1974 Symposium, (1) a broad definition of the term losses
will be taken, with 4 distinct types of loss discussed. First, there are
the obvious physical losses which occur through leakage from the distribution
system and from fittings within a consumer's property. Second, losses occur
from the failure to develop transfer networks to allow the yield from each
supply source to be utilised to best advantage. These losses are particu-
larly important at present given the excess capacity which exists in some
areas. Third, losses can arise from the use of an unduly high quality
and/or quantity of supply for specific purposes. And finally, losses occur
from the misallocation of water between competing uses and users and from
the misallocation (or premature commitment) of productive resources (land,
labour and capital) to water services when they could be used more product-
ively elsewhere in the economy. Although the premature investment of
resources in water provision may be an important source of loss, the usual
economic approach of assuming that it can be corrected by merely changing
the pricing policies of the industry is rejected here.

*Lecturer, Department of Geography, London School of Economics
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PRICING POLICIES AND ALLOCAT1VE EFFICIENCY

With few exceptions studies on the water industry in the economics l i terature
have concentrated on the last type of loss, being concerned with the
efficiency with which available water was allocated between consumers and
with which productive resources were allocated to investments in new supply
capacity. Economic losses were judged to occur i f these allocations
diverged from the 'Pareto' optimal distribution of resources*. Discussion
has in fact been narrowed s t i l l further because marginal cost pricing was
teen as the mechanism theoretically capable of producing an optimal allocation
of resources. Therefore, the attention of economists has been heavily
focussed on the pricing policy question. A plethora of papers now exist
which basically rediscover the wheel by reiterating yet again the theoreti-
cally optimal pricing and investment rules; most of them adding l i t t l e to
the now classic statement on water economics produced in 1960 by
Hirschliefer et al (3). By now practitioners in the industry must be
thoroughly bored with economists te l l ing them how far their pricing
practices diverge from the 'optima' as defined by welfare economic theory.
In Britain, i t was, and remains, extremely easy to show that prices are set
nowhere near marginal costs and to infer that ollocative efficiency losses
must therefore occur both in the patterns of water use and in capacity
development programmes. Such losses are inevitable in an industry in which
the traditional practice of historical cost accounting is only now being
buried after a long and painful struggle for survival. They are also
inevitable because of 60% of the product, is s t i l l supplied at an effective
unit price of zero ( ie : a l l unmeasured supplies). However, the recognition
that pricing policies are not optimal and that resource misallocations may
be presumed to occur doesn't take us very far in suggesting practical ways
of promoting efficiency in the industry. In my view further theoretical
debate on pricing is largely irrelevant to present day decision-making
within the water industry and only serves to divert attention from areas in
which much greater efficiency improvements could be made.. Rejection of
the conventional economic approach is based on four key arguments.

Fi rst , i t has to be recognised that no amount of tinkering with the
pricing arrangements wi l l produce any significant improvements in allocative
efficiency unti l meters are installed in most properties. The decision to
introduce universal metering w i l l , of course, be taken primarily on pol i t ical
grounds although economists can help inform the decision-making process by
contributing to the assessment of the economic v iab i l i ty of the measure.
The basis for such an assessment cannot be the notional advantages of
introducing theoretically optimal pricing practices but the concrete,
capital investment savings which arise from reduced consumption and leakage
losses. In calculating the possible demand reductions, i t would be more
convincing, and ultimately more real is t ic , to assume that metered prices are

•'Pareto' optimisation is concerned with the allocation of national resources
between a l l their possible uses. Resource allocations are said to be
eff icient i f i t is impossible to reallocate them to make some consumers
better off without simultaneously making others worse off. A Paretc
improvement in efficiency occurs when a change produces gains that exceed
the value of any accompanying losses, in which case the gainers could
compensate the losers and s t i l l be better off than before (2).
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set at average current accounting costs, rather than to imagine that marginal
cost prices (always assuming that there is agreement about what these are)
wi l l be employed.

The relevance of further discussion on marginal cost pricing and Pareto
optimality must also be questioned because i t is now widely recognised that
the rules for optimality are "derived from a model of the economy which is
a poor approximation to reali ty" (4). As extensive debates in the recent
welfare economics l iterature have shown, marginal cost pricing w i l l f a i l to
produce an optimal allocation of national resources i f ' inef f ic ient ' condi-
tions prevail in other sectors of the economy. The existence of monopolistic
or imperfectly competitive firms, highly unionised labour, non-marginal cost
pricing in other sectors of the economy, and firms or individuals who do not
react in the prescribedly rational way to the prices set inevitably means
that ' ineff ic ient ' conditions are widespread. As these 'deviant' elements
wi l l be signalling inaccurate information to water suppliers and users i t is
argued that i t is necessary to counter the inaccuracies by developing 'second
best' pricing rules, with prices diverging from marginal cost. In order to
establish what the 'corrected' prices would need to be the water industry
would have to develop an enormous data base on the way prices for i ts inputs,
complementary products and substitutes deviate from marginal costs. I t is
understandable that such arguments have been received with a singular lack
of sympathy by those actually responsible for establishing prices for public
sector goods and services. The cost of collecting the required information
would almost inevitably greatly outweigh any allocative efficiency benefits
which may result. In the real world i t is impossible to define in -concrete
terms what the optimal allocative pattern would be or to devise itup 1 ernentable
rules to achieve i t were i t ever to be defined. I t i s , therefore, suggested
that l i t t l e of any practical value wi l l emerge from discussions on 'second
best' charging schemes "the reasons for which are concealed in what could be
regarded as theoretical 'mumbo-jumbo'" (5).

A third reason for questioning the relevance of the Pareto allocation
approach lies in i ts treatment, or rather non-treatment, of the income
distribution issue. In terms of Paretion value judgements i t would not
matter i f the introduction of an optimal pricing system benefitted rich
households at the expense of the relatively poor; an eff ic ient resource
allocation could produce a highly uneven distribution of wealth. The fact
that income distribution is not irrelevant to decision-makers in the water
industry is evident in the legislation and in discussions concerning option
metering. The 1973 Water Act, for example, requires the RWA's to develop
pricing structures which do not 'unduly discriminate' between consumer
classes. In part this provision was just i f ied on equity grounds; although
just four years later a completely different and contradictory concept of
distributional equity was employed to rationalise the Water Charges Equal-
isation Act (1977), which introduced inter-regional cross-subsidies.
Similarly, the National Water Council and the RWA's have supported option
metering because ' i t provides a remedy for the greatest inequities of the
present system' (6). One strongly suspects that in practice avoidance of
possible l i t igat ion is the strongest motive behind the sudden popularity
of the metering option, as i t 'avoids the risk of accusations that refusing
this option to households constitutes undue discrimination'. However,
whatever the motives, the fact remains that water authorities cannot, either
legally or po l i t i ca l ly , ignore the way their charges affect the real incomes
of different consumer groups. For example, any attempt to withdraw the
subsidies paid directly and indirectly (via charge equalisation within
Severn-Trent) to Welsh consumers, and to introduce a marginal cost pricing
system, which imposes fu l l supply costs, would be pol i t ica l ly foolhardy at
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the present time. By and large people disadvantaged by current pricing
practices are poorly aware of the subsidies they effectively pay to others
and therefore rarely protest. How many consumers in recently valued
properties, realise that the decision to discontinue the re-rating process
in effect condemns them to continually subsidise other water users? Given
that one of the unwritten but important objectives of water suppliers is to
minimise flack from the public (7), i t is in their interest to change
existing pricing practices as l i t t l e as possible; major changes inevitably
generate public opposition.

The final reason for rejecting the conventional allocative efficiency
approach to losses and wastage within the water industry, is that i t is
implicit ly based on the assumption that optimal pricing and investment
rules wi l l ensure that suppliers operate eff iciently. However, such
rules can only produce an optimal allocation of resources vf i t is assumed
that suppliers are already employing least-cost methods of producing a
given level of output (technological efficiency) and are supplying an
appropriate type of product (product choice efficiency). For example,
i f a supplier was adhering to an optimal pricing system, but could
produce the same amount of water using less labour and capital, the
resulting resource allocation could not be optimal, as i t would be
possible to release productive resources for use elsewhere in the
economy without penalising water users. Whereas, in a competitive
situation, i t might be assumed that individual manufactures would seek
to operate at minimum cost levels in order to ensure their continued
prof i tabi l i ty , no such assumption can be made about an industry in which
neither competition nor the profi t motive exist. Nor can i t be taken as
axiomatic that consumer preferences wi l l ensure that suppliers provide
an appropriate product, either in terms of supply quality or service
re l iab i l i ty . I t w i l l be argued here that the industry is neither
technologically or product choice efficient and that attempts to reduce
these sources of loss are l ikely to produce greater and more speedy financial
returns than efforts to revise pricing policies to conform to a notionally
'optimal1 system.

LEAKAGE LOSSES

Since the 1974 'Symposium on Waste Control', the public statements made by
personnel in the water industry suggest that a major change in attitudes
towards leakage losses has taken place. However, whether this change has
been translated into a major revision of practices remains debateable.
Undoubtedly in the early 1970 s a large number of water engineers were
unwilling to admit that significant losses occurred and I was taken severely
to task for suggesting that losses of 30% of total supply were common.
Moreover, many took the view that greater expenditure on detection and repair
was uncalled for since it could make no difference to the size or timing of
investment programmes. Delegates at the 1974 Symposium were somewhat schizo-
phrenic on the matter. Many agreed with Mr Barrett's thesis that "waste in
this country is far from being unreasonable and probably as small, if not
smaller, than elsewhere in the world" (8), but in discussions from the floor
we were treated to a competition for the worst leak story.

Today, it has been largely accepted that 'unaccounted for' water
represents about a quarter of total water supplied in the United Kingdom.
While there is still some disagreement about the effect of inaccurate
statistics on this loss figure, most people now recognise that loss levels
are high enough to warrant serious attention. The fact that both the
Water Research Centre and the National Water Council have recently investigated
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leakage is significant in i tse l f . With the acceptance that loss levels are
too high to simply ignore, the relevant question now is what level of expend-
iture on detection and repair is appropriate in any given area at any given
time. As I said in the 1974 paper the theoretical economic answer to this
is clear; expenditure should occur until the cost of saving a further unit
of water equals the additional cost of supplying an extra unit. This rule
implies two things. First, the object of the exercise is not to minimise
leakage loss for i ts own sake, but to ensure that effective supplies are
provided at the least cost. I t is only rational to spend additional money
on saving water i f the costs involved are lower than those of producing the
water in the f i r s t place. And second, the appropriate level of expenditure
wi l l vary from place to place, since the cost of producing water varies
spatially.

Ideally, the method of waste control employed should be determined by
the level of expenditure which the application of the rule implies. In
practice, however, the problem is complicated by the fact that i t is not
possible to gradually increase the level of expenditure to get a neat balance
between the unit cost of control and the unit cost of supply. This arises
because the leakage control cost curve is highly stepped (figure 1).
Moreover, authorities become wedded to one type of waste control technology
and cannot easily change methods as the value of the saved water changes
over time. While i t may be possible to introduce a new waste control method
in line with any major increase in the unit cost of supply production, i t is
clearly impracticable to dismantle a control system i f the value of the saved
water fa l ls . Such fal ls are l ikely to occur immediately after a major
extension to capacity has taken place, when only operating costs are saved by
the reduction in effective demand. These di f f icul t ies mean that the theo-
retical rule cannot be followed blindly, but i t is s t i l l of great value in
showing the direction which changes in practice should take.

The DOE/NWC publication 'Leakage Control Policy and Practice' provides
a good common-sense f i r s t approach to operationalising the economic rule in
practice. The approach outlined here basically only differs in emphasis.
In calculating the appropriate level of expenditure on control, i t may be
useful to think in terms of five distinct stages.

1. Measure existing losses from different parts of the system, service
reservoirs, trunk mains, distribution network, and consumers' f i t t i ngs .
For the f i r s t three the manual gives what to a non-engineer appears a
comprehensive review of available measurement techniques, but discussion on
the last is conspicuously absent.

2. Calculate the unit cost of leakage or the unit value of the water
potentially saved. At this stage the calculation should consider the
long-term future savings which arise from the way loss reduction lowers
the effective demand trend over time. These savings include two distinct
elements, reduced operating costs (basically pumping and treatment) and the
value of the resources saved by deferring investment. At this stage i t is
worth stressing that the reduction in the demand trend produced by the
introduction of new control methods is a permanent feature; therefore more
than the next increment to capacity may be deferred (figure 2). This may
not be important i f the next increment involves a massive extention to
capacity, since the discounted present value of the deferred investment in
subsequent increases in capacity wi l l be negligible. However, i t is
relevant when a series of relatively small-scale extensions to fac i l i t ies is
planned.
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3. Choose the appropriate long-term methods of control for each supply area.
The term methods is deliberately put into the plural here, because for each
of the four sources of loss an appropriate control method must be chosen.
After l is t ing the possible control measures, the unit cost of saving water
using each method should be calculated. I f this cost exceeds the water
value established in stage 2, the method must clearly be rejected and when
no method of tackling a particular loss problem proves economic the simple
alternative of doing nothing remains. I t seems possible, for example, that
the costs involved in house to house inspection of consumers' f i t t ings wi l l
outweigh the resultant savings. Perhaps, i t is also worth saying that i f
an existing control practice fa i ls to meet the v iab i l i ty test, i t would be
economically rational to phase out i ts use over time. When more than one
method of reducing losses from a particular source are viable, the one
showing the greatest net savings should be selected.

4. Calculate the total value of the water saved by employing the appropriate
control techniques for different distr icts within the supply area. I t is
not real ist ic to suggest that the appropriate long-term method of control
can be immediately and simultaneously employed in a l l parts of a supply area;
equipment must be bought and installed and manpower trained or redeployed.
Therefore, there is a need to find some way of guiding the sequencing of
introduction to maximise the value of the control ef for t . The total value
of the water saved in any specific d is t r ic t in any one year wi l l depend on
three main factors; current variable cost of supply per cubic metre; loss
levels now experienced in that area; and the extent to which the existing
supply system has spare capacity (this wi l l determine whether the deferred
capital expenditure saving is a relevant short-term consideration). I t
makes economic sense to concentrate the introduction of the improved control
technology into areas where the total value of the water saved is greatest.
Gradually over the years the system can then be extended down the descending
order of total savings unti l the whole area 1s covered. A gradual and
sequential approach minimises the capital avai labi l i ty and manpower problems
involved in increasing the waste control ef for t .

5. Calculate the intensity of effort required at different time periods in
different areas. For most control methods there is not just one level of
effort at which the control system could be run. The time interval between
soundings, the frequency of reading and inspecting meters, and the speed with
which the detected leaks are repaired can al l be varied. Not only wi l l the
desired intensity of effort vary between d is t r ic ts , determined by the same
factors as in step 4, but i t w i l l also vary over time. As i t is highly
unlikely that the same intensity wi l l be required in each area at the same
time, i t becomes a question of redeploying manpower to concentrate on areas
where the value of the saved water is greatest. Hanke, in a recent paper
in Water Engineering and Management (9) has suggested that a benefit-cost
model can be used to determine the appropriate level of ef for t . Such a
model could be used in two stages. First i t can help determine the appro-
priate intensity of effort required in the longer term assuming that
additional manpower can be recruited. Second, i t can help re-allocate a
given fixed level of manpower in the short-run to distr icts where the net
benefits from waste control are at a maximum. Basically, i t is not a
question of choosing a control method and applying i t so that i t becomes
fossilised in routine, but of maintaining operational f l ex ib i l i t y to
maximise the cost savings.

The figures presented in the DOE/NWC manual clearly suggest that for
many parts of the country a more active waste control policy would be
economically viable. Why then do sub-optimal methods remain in use?
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The most usually given answer is that i t is the fault of the Government's
informal imposition of manpower ceil ings. Certainly no one wi l l deny that
leak detection and repair is a highly labour-intensive act iv i ty , but to
blame the lack of implementation solely on manpower needs is not entirely
convincing. In the f i r s t place, the better sequencing of effort and the
redeployment of labour between areas, which was discussed ear l ier , wi l l
help minimise the manpower implications of a more forceful waste control
policy. Secondly, v i r tual ly al l organisations have 'manpower slack'
which could be reduced without affecting the level or quality of work done.
The fact that such slack s t i l l remains in the water industry is suggested
by the Monopolies Commission report on the Severn-Trent (10). I t reported
cases of job-finding to improve incentive payments and to avoid the need
to reduce manning levels and also rather politely commented that "staffing
at Headquarters appears to be high". Obviously i t would be extremely
naive to believe that such problems are unique to Severn-Trent.

Finally, i t is clearly counter-productive to cut labour or to refuse
to take on additional workers when this merely increases capital expenditure
and energy or treatment costs. Certainly i t is extremely d i f f i cu l t to
just i fy maintaining leakage control efforts at present levels when "rising
transmission losses are a major component of supply requirement growth over
the next ten years and . . . the capital programme on water resources and
distribution . . . dwarfs the Authority's estimate of the costs of holding
leakage at i ts current level" (11). I t is perhaps worth pointing out
that the Government is also keen to curb public sector capital expenditure,
therefore, unless major gains can be achieved in the efficiency with which
existing resources are deployed, then the industry is going to offend against
Government policy one way or the other. In these circumstances I can do no
better than to quote a key sentence from the Monopolies Commission report
"more manpower should be allocated to leakage control when the properly
discounted costs of this act iv i ty are less than the value of the benefits,
which should include savings in the capital budget" (pl90).

One strongly suspects that the manpower issue blinds us to the underlying
reason for non-implementation and that is the real prevailing attitudes within
the industry. Although these are changing slowly, suppliers s t i l l place far
too much emphasis on capacity extension rather than on methods designed to
maximise the use of existing fac i l i t i es . By and large engineers are trained
to construct capacity, not to ensure that the need for i t is minimised. At
the 1974 Symposium waste control was r ightly dubbed the 'Cinderella of the
supply function': has i t s position really changed since then? One engineer
recently told me that i f an engineer is assigned to waste control he knows
he's a fa i lure; surely that is the real root of the problem.

TRANSFER NETWORK LOSSES

Undoubtedly the creation of the regional water authorities has promoted a
much greater degree of system integration and has significantly reduced the
'losses' which arise under the single demand centre development pattern.
The regionally integrated system has two main advantages. First, it
increases the security of supply to each centre while avoiding the need for
each supply source to be developed with large safety margins. There is in
other words, a 'pooling of risks' over a region which should allow the
regional safety margins to be lowered. Second, the total level of surplus
capacity developed throughout a region, at any one point in time, is much
reduced, since transfers can occur from surplus to deficit areas. This is
particularly important in the water case where it has been the practice to
develop supply increments in very large discrete steps and ahead of requirements.
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The economic advantages of integrated networks and supply transfers has
largely been accepted wi th in each RWA, and i t is clear that on formation most
of them saw i t as a p r i o r i t y task to assess the potential benefits from
redeploying available resources. Many notable examples could be c i ted of
the effects of such redeployment exercises on capital expenditure programmes.
However, the logic of the pro-integration arguments does not appear to have
been accepted so readi ly when the question of in ter -author i ty transfers a
arises. A number of authori t ies appear to value autonomy over the potential
cost savings from transfers. Kielder, for example, remains isolated from
the Yorkshire supply system and Rutland Water l ies largely unused while the
development of Carsington trundles ahead. Of course i t is recognised that
d i f f i c u l t i e s w i l l inevi tably be encountered in agreeing transfer terms, but
perhaps the appl icat ion of a l i t t l e commonsense economics may help here.
Recipient author i t ies must clearly pay the connection cost plus a l l the
operating costs related to thei r consumption. That provides the base-line
f igure. These costs should then be compared with a l l the savings associated
with deferred expenditure in the i r own areas. I t would pay the receiving
RWA to of fer a sum up to the difference between these two figures in order
to secure a cheaper supply. In the same way i t would be economically
rational for the 'donor' RWA to accept any contr ibution towards the capital
costs of the project . Is i t too much to suggest that in cases where
authori t ies f a i l to agree on the proportion of the cost savings to be
received by each that the Department of the Environment or the NWC should
have the power to enforce an equitable division? I t is not, of course,
the intent ion here to argue for large scale transfer schemes, but to urge
that opportunities for inter-regional transfers are taken when th is reduces
the net cost of supp!y.

LOSSES FROM UNDULY HIGH QUALITY OR QUANTITY OF SUPPLY

I t has long been my view that s igni f icant opportunities to increase the
eff ic iency in use of exist ing capacity exist by attempting to reduce the
quantity of potable, often expensively treated, water current ly being used
for purposes which could be adequately served from lower qual i ty sources.
As Mr. wi jnt jes(12) pointed out at the 1974 Symposium, in most industr ia l
societies only between 10-25% of water is used for functions requiring high
puri ty standards and yet the overall qual i ty of municipal supplies is
dictated by such uses. Theoretically i t would be possible to reduce the
non-essential use of high qual i ty water by developing dual qual i ty systems
and encouraging greater re-use. Although some engineers have recognised
the potential of such measures, i t is s t i l l true to say that very few
systematic appraisals have been conducted of the costs and benefits
involved in the adoption of such al ternat ive supply strategies.

The development of dual qual i ty systems has been resisted on three main
grounds; potential health hazards, possible adverse public reaction and the
cost of duplicating the d is t r ibu t ion system. Rejection of the poss ib i l i t ies
without analysis i s , however; commonplace. The l ikel ihood of any adverse
effects on health i s minimal since the non-potable qual i ty would be basically
disinfected and occasional inadvertent use would be harmless; the fact that
dual systems are operating elsewhere in the world without health problems is
evidence in i t s e l f . Moreover recent work by Baumann and Dworkin (13)
amongst others, has suggested that the costs of system duplication have been
overestimated and that they can be s ign i f icant ly less than those incurred in
constructing capacity and treat ing potable supplies.
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Is i t unfair to suggest that the real barrier to the introduction of a
non-potable service arises because i t is simply not part of the water
engineer's conventional package of supply options? While i t is unlikely
that widespread adoption of dual quality systems wi l l prove economic,
undoubtedly cases do exist where breaking away from the assumption that al l
urban supplies must be potable can produce marked financial savings. Two
Australian examples wi l l i l lustrate this point. First , in New South Wales
six small towns, al l of which had 1971 populations below 4000, have
introduced a two-quality service for a l l domestic consumers. Local river
water was cheap to tap but prohibitively costly to treat to potable standard,
and since up to 5Qt of supplies was used outside the home, chiefly for garden
watering, savings on treatment costs greatly outweighed expenditure on a
second 'outdoor' distribution system. No health problems or adverse public
reactions have been reported. Despite the financial success of these
projects, which arose largely through local in i t ia t ives, no attempt has been
made by the responsible authority, the State's Public Works Department, to
incorporate an assessment of dual supply potential in their routine
evaluation of capacity extension schemes in similar country towns (14).

The second example is taken from North West Tasmania where plans were
being developed for an integrated regional supply project, which would
improve supply security and give fu l ly treated water to a l l consumers for
the f i r s t time (15). In their original scheme, the consultant engineers
assumed that al l non-domestic users at present receiving piped supplies
would receive fu l ly treated water when available. This proved to be a
costly and unnecessary assumption. Firms not requiring potable supplies,
or with already installed private treatment plants, accounted for 75% of
total current peak demand for industrial water in the region. Once the
question of a two quality service had been raised i t proved remarkably simple
to devise low cost distribution methods to serve the bulk of them. In one
case, a large cement manufacturer agreed to take over the old untreated
municipal source when higher quality supplies for the town became available;
only minor works severing connections between the two systems were required.
In another area i t proved possible to omit a treatment plant at one reservoir,
reserving i ts supply for firms clustered together on an industrial estate;
the net capital cost savings, after some realignment of the distribution
network and the addition of a small domestic quality pipeline into the estate,
was SAus 800,000 (1975 prices), to which must be added the costs of operating
the treatment works. Further examples occurred throughout the region where
industrial users and extensive areas of playing fields or parks could be
served with non-treated supplies at minimal cost. I t is interesting to
note that neither the municipal authorities nor the firms concerned had ever
been asked to consider the dual quality question; the problem was not one
of pol i t ical or public acceptability merely one of acceptance of traditional
modes of operation. While these examples contain circumstances which are
particular to Australia, i t would be surprising i f similar cost saving
opportunities did not arise in Bri tain.

The potential for re-using water has similarly been neglected. Re-use
can occur within the consumers' property or could occur throughout a supply
system through the renovation and re-use of waste waters. In-property re-use
already takes place within industry, but zero unit domestic water prices make
i t uneconomic for householders to even consider private instal lat ion of, for
example, storage tanks to allow used bath water to be recycled for to i le t
flushing. Although the industry could require that once-through systems
were not installed in new houses, no such in i t iat ives appear to'have been
taken. As viable schemes are operating in Sweden and elsewhere, i t would
seem desirable that at least some economic v iab i l i ty tests were in i t ia ted.
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Re-use of waste water at the municipal level has rare'ly been seriously
considered in Br i ta in , although the potential has been long recognised in
the United States. In 1972 the US National Water Commission (16) recommended
that the use of renovated waste water "should occupy a prominent spot in
future planning for overall water resources u t i l i sa t ion" . Once again,
resistance to re-use occurs because of possible health r isks, treatment costs
and the l ikely public reaction. However, i t has been claimed that in the
United States the health risks are a non-problem since the quality of treated
waste water would undoubtedly be signif icantly higher than the tap water
presently available in many communities (17, 18).

The economic v iab i l i ty of re-use wi l l clearly vary from area to area,
depending on the cost of conventional supplies and on the level of sewage
treatment needed pre-discharge to meet local river quality standards.
Wherever advanced treatment is already required for pollution control
reasons, the additional expenditure involved in further treatment to allow
re-use could be signif icantly less than collecting, transporting and
treating raw water. I t has already been shown that re-use is a relatively
inexpensive supply option in parts of the United States (19).

As yet we know l i t t l e about the acceptability to the public of re-used
water. As Johnson (20) has said " i t would appear that water managers know
very l i t t l e of consumer responses concerning renovated waste water, but
generally consider the public would not accept i t " . However, a recent
survey in Denver, Colorado, has shown that 85% of the respondents expressed
a willingness to drink treated waste water. I f this evidence is more
widely applicable may i t not be the case that the key factor l imit ing serious
consideration of the re-use option is not public reaction but the perceptions
of water managers?

I t has long been clear that many water f i t t ings and water-using consumer
durables use far more water than is necessary. As the price mechanism
cannot operate in the domestic sector to encourage householders to instal l
water eff ic ient equipment, the only way this ' loss' can be reduced is for
the water industry to take a much more positive approach to the problem.
Some efforts have been made to calculate the v iab i l i ty of introducing dual
flush toi lets but so far these have not been translated into action. Just
as i t is economically rational to concentrate leakage detection efforts in
areas where the value of the saved water is highest, so the possibi l i ty Of
instal l ing variable flush to i lets in such high cost areas should be actively
pursued. To date, there is relatively l i t t l e evidence that serious attempts
are being made to promote the use of other water-efficient f i t t ings or to
press for development of low water using consumer durables.

CONCLUSIONS

In 1974 I accused the water industry of taking a supply-fix approach; using
capacity development to meefall foreseeable demands and neglecting methods
designed to improve the eff ic ient use of existing supplies. Undoubtedly
since that time attitudes appear to have changed, waste control is at least
discussed as a viable alternative to immediate supply extension, intra-
regional transfers have cut the need for capacity development, and some
RWA's at least have accepted that small scale staged capacity extension is
a preferable option to committing huge capital sums to inflexible large-scale
schemes. The fact that premature capacity development has occurred in the
past is d i f f i cu l t to deny; Kielder and Rutland Water wi l l remain expensive
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boating lakes f o r some time to come. The question i s have a t t i t udes
changed enough to ensure that such cost ly mistakes are not made in the
future when and i f the economy recovers. Certa in ly the suspicion remains
that one of the conclusions of the Monopolies Commission report on
Severn-Trent would apply to most i f not a l l the RWA's. "We are , however,
concerned about the low p r i o r i t y given to cost-saving investment and t h a t ,
given a cap i ta l expenditure programme of around £90 m i l l i o n per year, the
Author i ty has not yet developed a comprehensive s t ra teg ic planning process
which c lear l y demonstrates tha t the overa l l leve l of investment i s
economically j u s t i f i e d . " I t would appear that considerable scope s t i l l
ex is ts to reduce water losses and to give water and cost-saving measures
the i r due place in the water planning and management process.
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DISCUSSION

Author's introduction

Dr Rees in introducing her paper commented that she was pleased and honoured
to be invited to address the Institution for a second tine and to be able to
pursue the question of waste or loss control once again.

Previous contributors to the Symposium had concentrated on physical
water losses arising within the consumer's property, through pipeline
leakage, and from the incomplete use of catchment potential. But i t had to
be stressed that such physical losses were of concern not for their own sake
but because their existence suggested that i t might be possible to reduce
the resource inputs currently expended on the production and distribution
of water supplies. The objective of loss management was not to save water
per se, but to save land, labour, and capital resources, and i t therefore
followed that i t was not economically rational to pursue any loss management
policies unless the resulting resource savings exceeded the control costs.

In the paper a broad view had been taken of the nature of water losses
to include economic losses which could occur when productive resources were
not used to best advantage. However, no attempt had been made to reiterate
the theoretical arguments substantiating the likely existence of three forms
of economic loss which had been discussed at some length in the paper
presented at the 1974 Symposium. Given that water prices were not, and for
the unmetered sector could not be, set at marginal supply costs, the
presumption must be that economic losses were s t i l l occurring through the
use of excess quantities of water, premature investment in capacity, and
the misallocation of supplies between consumers. However, further discussion
at this time on such allocative efficiency losses served no useful purpose,
being largely irrelevant to present-day decision-making within the water
industry. Reduction of this type of loss depended on the introduction of
universal metering and appropriate unit pricing policies, and only when,
or i f , this took place would further discussion be anything other than
academic. I t had also to be pointed out that optional metering would do
l i t t l e to improve the situation, particularly as some at least of the
schemes appeared to have been designed to.encourage people to refuse the
option! As with al l other waste control measures metering and 'optimal'
pricing would only be justif iable i f the resulting resource savings
exceeded the costs involved; on present evidence this condition did not
appear to be satisfied in most parts of Britain at the present time.

Moreover, as i t had been pointed out in the paper the relevance of
further debate on allocative efficiency losses must also be questioned
since their very existence and the rules for allocative optimality were
derived from a model of the economy which was a poor approximation to
reality. I t was now well known that the introduction of theoretically
optimal pricing practices would not produce an efficient allocation of
resources i f ' ineff ic ient ' conditions occurred elsewhere in the economy.
Nor would i t necessarily produce prices or income distributions which
conformed or conventional or pol i t ical ly acceptable notions of equity.
I t had been argued that economists had paid far too much attention to
allocative efficiency and had neglected the assessment of the 'technological'
and 'product choice' efficiency of the water industry. Such neglect was
all the more surprising since allocative optimality could only be achieved
i f the industry was employing least-cost production methods.
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I t would be d i f f i cu l t for suppliers to claim that they were already
least-cost producers and most would acknowledge that scope existed to
increase the efficiency with which existing resources were ut i l ized.
I t seemed probable that efforts to increase efficiency in use would yield
much greater and more immediate returns than any attempts to introduce
notionally optimal pricing systems. In the paper, i t had been suggested
that economies could possibly be achieved in four areas: the reduction of
distribution losses, extended inter and intra-regional transfers, the use
of appropriate supply qual i t ies, and the efficiency of water-using consumer
durables.

On the surface a major attitude change towards distribution losses
had taken place over the last decade. The days when engineers were
reluctant to admit that significant losses were occurring had largely
gone. Although perhaps something of this old reluctance could be detected
in Mr Pocock's paper when he commented that 'The vexation is increased
tenfold for the water engineer who cannot prove that the situation is not
as bad as the "unaccountable" figures would suggest.' However, i t was
d i f f i cu l t to avoid the nagging doubt that although numerous expressions
of concern over losses existed on paper as yet these had not been
translated into much effective action.

In any discussion on leakage i t was crucial to remember that the
objective of control was not to minimize physical losses but to curb losses
to a point where the control costs equalled the value of the water saved.
Although from an engineer's point of view i t was probably easier to think
in terms of achieving low night flow readings, there appeared to be a danger
that some set night flow figure would become enshrined as good engineering
practice. Such a mechanistic approach to the loss problem would miss the
objective of the control exercise which was to save resources. For
example, Mr Ingham had been congratulated on achieving a net night flow
figure of 4.91/property/h, but the key question was what did this figure
mean in terms of the cost incurred per unit of savings. As both the cost
of control and the value of the water saved varied over a region, i t was
clear that no one set minimum night flow figure would be appropriate for
a l l areas.

I t was common for water engineers and managers to argue that leakage
losses could not be cut at the present time because of government pressure
to reduce manpower levels. Anyone working in the university sector was
only too aware of the problems involved in manpower cuts, but two lessons
had been learnt from that experience. First , in any organization there
was l ikely to be some manpower slack and scope for redeployment. Second,
cuts would be counterproductive in departments which brought in high fee
paying students or research funds. I t was extremely doubtful whether the
water industry could claim to be free of 'labour slack', and i t must be
uneconomic to cut manpower in an area when this merely acted to increase
capital expenditure, and energy or treatment costs. I t was d i f f i cu l t to
just i fy a situation where an Authority was planning to spend £90 mil l ion a
year when 50% of the l ikely demand growth in the area was due to projected
increases in 'unaccounted for' water.

There was no need to go over the transfer and excess capacity issue
again here, i t had already been well aired by Pearce (21). Many water
engineers had expressed annoyance with this art ic le and disputed i ts
accuracy. But i t was d i f f i cu l t to deny that expensive over-investment
had occurred and that, at least in the Kielder case, the idea of trans-
ferring surplusses had floundered on the fai lure of the two supply
authorities to agree on cost-sharing. I t was not enough to claim that
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current supply surpluses were merely the result of unforeseen fa l ls in
demand, nor was i t axiomatic that in future the RWAs would take every
economic opportunity to transfer surpluses.

On the questions of alternative supply qualities and low water-using
consumer f i t t ings and durables, i t was not known whether any of the proposed
measures would produce resource savings. But i t was argued that the
industry should take a more innovative approach and at least seriously test
whether opportunities for economy existed. Unless suppliers took a more
aggressive approach, making serious attempts to promote the use of more
water-efficient f i t t ings and supply systems, the public could not be
expected to appreciate the true costs of their supplies.

Discussion

J.E. THACKRAY (Severn-Trent Water Authority) said that he was honoured to
have been asked to open the discussion on this particular paper. Before
reading i t he had asked for the comments of two engineers and two economists.
Being i n i t i a l l y qualif ied as an engineer but now practising in the fields
of water economics and charging, he had found their different perceptions
and reactions most illuminating and he invited the comments of Dr Rees and
the audience on them. Both of the engineers said that they had found the
paper exhilarating and provocative: the economists were both disparaging
and said that i t was misdirected and that i t had been heard many times
before. This led to the obvious questions which had to be answered in
this discussion. How far had the engineers understood and made use of
the economists' methods and messages since 1974; and how far since 1974
had the economists been able to improve their factual base and take
economics from the textbook and lecture theatre into the practical situations
of the water industry?

Taking the author's headings in the paper, her f i r s t analysis concerned
'Pricing Policies and Allocative Efficiency'. Here i t seemed that she had
fallen into the classic trap laid for a l l economists, that of moving from
the undeniable fact that money motivated people seriously, to implying that
people were only seriously motivated by money: ' (allocative
efficiency losses) are inevitable because over 60% of the product is s t i l l
supplied at an effective unit price of zero ( i .e . a l l unmeasured supplies)

i t has to be recognised that no amount of tinkering with pricing
arrangements w i l l produce any significant improvements in allocative
efficiency unti l meters are installed in most properties'. In fact
careful studies by the author's colleagues had shown that in Malvern, the
only place in UK where water supply was almost universally metered, there
was no measurable price elast ic i ty in water use at UK consumption levels.
Further, the 'meter consciousness effect' measuring the persistent
difference in use for measured to unmeasured groups of customers was rather
less than 10% (22). These facts were themselves hardly surprising in view
of the degree of respect in UK for careful l iv ing and for the law, as well
as for what money could buy; and the very small percentage of the average
household budget formed by water costs. In fact 'the instal lat ion of
water meters in most properties' had i t se l f been shown to be a serious
potential mi sal location of resources (23). In economic terms the water
authorities were r ight , in Mr Thackray's view, to allow householders to use
their own money to meet the extra costs of metering over and above those
of the much simpler rateable value based unmeasured system, but not to
contemplate universal metering. Although mandatory metering in a few
small areas for the sake of the 10% saving might seem theoretically
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attractive, the legal and operational d i f f icu l t ies of running i t alongside
optional metering might well raise i ts costs and practical d i f f icu l ty beyond
a viable economic and technical level , except in isolated rural situations.
There was the possibil ity that selective mandatory metering of household
use, including substantial garden watering, might prove technically feasible
and economic when i t became practical to implement peak load/seasonal
charging for these and agricultural customers.

The author's second analysis concerned her fa i r ly orthodox approach to
leakage control economics. Mr Thackray complimented her on stressing the
need for defining appropriate methods and levels of leakage control for
different areas and for the same area at different times. The problem
here was to find reliable data to make these definitions and to monitor
the application and success of a policy based on them. Investigation
had shown that data were extremely scarce, throughout the world, on the
precise costs of different levels of control, ranging from dealing only
with reported leaks showing above ground (passive control) through the
various available stages of inspection and correction to achieve the
maximum practicable tightness in an underground system. As the complement
to i ts previous studies of household and industrial water use (22, 24)
Severn-Trent had some while ago embarked upon just such a study which would
enable i t to develop the type of finely articulated policy which Dr Rees
described, in about two years time. In three years time he hoped that
the fu l l results would be published for discussion. One of the f i r s t
facts to come out of the study was the relatively high proportion of
properties with defective stop taps belonging to the supply undertaking,
up to 24% in some of the areas surveyed. Dr Rees was, however, wrong
to imply that the Monopolies Commission had uncovered something new at
Severn-Trent. Its comments in this area were taken from internal reports
made within the Authority as part of the process of defining the massive
inherited task of co-ordinating and rationalizing the diverse leakage
control policies of i ts predecessors in a situation where the Authority
was forecasting an entirely new set of demand profiles following the
studies already referred to in Ref. 22 and 24.

In referring to her third issue of 'Transfer Network Losses', Dr Rees
was sadly out of date. In practice the economic v iab i l i ty of major water
authority transfers has generally been seriously undermined by the recently
lowered water authority forecasts of demand growth. The in i t i a l costs of
interbasin transfer links on a large scale were very high and these
propositions tended to be uneconomic unless use of the links moved rapidly
to a high level and was then held there. In particular, the case for a
Rutland Water link to defer or avoid the need for the Carsington Reservoir
had been analysed exhaustively at Public Inquiries and had not only been
rejected by the two Authorities on economic grounds, but also by the
Government following the report of an Independent Assessor.

'Losses from Unduly High Quality or Quantity of Supply' was the
author's fourth heading. Here Mr Thackray was surprised that the author
had not referred to the major system of lower quality use in UK. This
was by licensed direct use of river and groundwater, particularly by
industry. In the Severn-Trent region this exceeded use of the piped
supply by a ratio of 3 to 2 even after deducting through cooling use for
power generation in bulk. The basic costs of such sources, of good quality
and reliable y ie ld, were less than 10% of the costs of piped supply.
Alternative piped supply systems of different re l iab i l i t y and quality were
rarely economic, because two-thirds of the cost of piped systems were in
the pipes themselves, and savings on source costs were rapidly offset.
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The two Australian examples were interesting i f one had that type of climate
and socio-economic situation, but were only relevant to westernized and very
affluent communities l iv ing in an arid region.

Although UK water f i t t ings were already among the most economical and
cost effective in the world, the author was right to point to the need to
further efforts here. The Wessex Water Authority was pioneering the use
of dual and variable flush WCs, and other Water Authorities and, he hoped,
manufacturers, were eagerly awaiting the results of this experience with a
view to making significant progress in this area. For manufacturers,
this would be of great value in export markets.

In conclusion he thanked Dr Rees for r ight ly focussing attention on
the point that in most regions a rounded approach to the definit ion of
losses was essential, and for producing a paper where she had had the
courage to make sweeping and provocative assertions in order to stimulate
discussion. As with the various recommendations of the Monopolies
Commission, he would counsel that readers should consider carefully the
economics of the proposals themselves as well as their theoretical
attractiveness, before taking them past the research and development
'stage to fu l l scale implementation.

H. SPEIGHT (Southern Water Authority) in congratulating Dr Rees on a
stimulating and provocative paper, said that he ought, perhaps, to reassure
her that there was now a better understanding of the respective roles of
the water engineer and the economist: a big change in thinking over the
past f i f teen years. He had referred to that period because i t marked the
time when, on the Brit ish water supply scene, there were more than a few
flutterings in the dovecotes whenever long cherished and jealously guarded
notions of what was in the consumer's best interests were challenged by
anyone with less than a quarter of a century's experience of actually
supplying water. Not only were they now more tolerant of those in other
disciplines who challenged them to look at what they were doing and to
just i fy i t but they even acknowledged that this needed to be done. I t
might be, however, that the industry was now in some danger of providing
employment, in what was essentially a f ie ld of technological enterprise,
for rather more economists and consultants and efficiency auditors and
government accountants than for engineers and scientists . . . but that was
another matter and not to be pursued at this time.

Mr Speight said that he believed that Dr Rees was right in saying that"
engineers tended to see the construction of additional capacity as a
traditional solution while turning aside from minimizing the need for such
additions. Although the statement was generally true, however, i t was
only a partial assessment of a complex situation. Contemporary pressures
from Government via the Monopolies Commission Report, and the stone-turnings
which had followed i ts publication, advocated the desirabil i ty of minimizing
the need. They overlooked some of the practical i t ies of a situation,
however, in which the theories need to be applied in practice rather than
displayed on the printed page.

Governments might advocate measures to lead consumers to use less
water, but were they prepared to give the water suppliers the vir tual ly
dictatorial powers to enforce that advocacy? Byelaw powers now existed
to enforce the instal lat ion of dual flush devices under specified conditions,
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but what sort of an interference would i t be in the daily l i f e of the
citizen i f the industry stipulated that no more once-through-systems Were
to be installed (as Dr Rees advocated). What sort of interference would
arise i f the industry attempted to decree that showers must serve the same
purpose as baths and that spray taps would henceforth be compulsory on a l l
but the kitchen sink? One could be cynical and suggest that progress in
this direction might be quicker were the advocacy to arise from the
manufacturers of suitable appliances than from within the water industry
i tse l f !

Mr Speight said that he could not let the opportunity pass of referring
to the implicit acceptance by Dr Rees of the universal relevance and
accuracy of the voluminous contents of the Monopolies Commission Report.
Accepting that thce would always be room within any organization to cut
costs, i t did not necessarily follow that the medicine now being so freely
prescribed would effect a cure in a l l cases, or that practical i t ies were
not at least as relevant as philosophies. For instance, Dr Rees had
inferred that leakage control was a once and for a l l operation in terms
of securing a given effect. In practice the water saved by the i n i t i a l
adoption of particular methods would remain saved for only so long as i t
was practicable to mount the effort to prevent the situation reverting to
i ts former state. There was a reference in the paper to a fai lure
to develop effective transfer systems within the industry (and possibly a
call for the resurrection of a Water Resources Board with teeth). In an
imperfect world, however, i t might be necessary to continue to l ive with
surplus resource capacity for a variety of economic, po l i t i ca l , and'
practical reasons.

Finally, Mr Speight pointed out that Dr Rees referred to re-use;
implying, he f e l t , the direct reclamation of water from effluent discharges
and possibly overlooking the fact that, in the contemporary scene, signi-
ficant abstractions were supported by effluent discharges made upstream.
Re-use by a less direct mechanism, but re-use nonetheless (and not made
without misgivings in some quarters) but re-use in a manner recognizing
both the costs of alternative developments and practical l imitations.

K.F. CLARKE (Anglian Water Authority) said that Dr Rees, and economists
like Robert Smith of the Water Resources Board and Paul Herrington of
Leicester University, had made an impact on the water industry out of
proportion to their numbers, and as a result, the industry had made
tremendous strides. Therefore, i t was pleasing to see that the author
had acknowledged that progress had been made. On the other hand, i t was
disappointing that there were no firm suggestions for the next seven years;
and, more importantly, some of the assertions made by the author were
based on incorrect information.

The author's comment that progress on reducing waste was slow because
engineers were 'trained to construct capacity' showed how out of touch
with the industry she was. The industry had made dramatic advances in
the last seven years, in quantifying and identifying waste, in spite of
considerable traumas such as a massive reorganization. Today's water
engineer tended to have less to do with reinforced concrete and more to
do with Performance Aims, Performance Indicators, Levels of Service,
Management Accountancy Systems, Management Information Systems, etc. , a l l
of which were aimed at making the industry more eff ic ient.

7.19



IWES: AN UNDERSTANDING OF WATER LOSSES

The author's remarks that Rutland Water was an expensive boating lake
must be vigorously refuted. Rutland Water was not ' largely unused'.
I t was commissioned in 1977 and since then had supplied 33,000 M gallons.
Today, only four years after commissioning, i t supplied over half i t s
'parliamentary' y ie ld , and as such i t supported the whole fabric of
existence in an area stretching from Milton Keynes to Grimsby and from
Northampton to Skegness, including supporting the growth of three New Towns.

A decision to construct Carsington Reservoir was made only after a
searching inquiry, and the author could be assured that even i f water from
Rutland Water was supplied at zero cost, the Severn-Trent Water Authority's
programme for resource development, including Carsington Reservoir, would
s t i l l be cheaper. Inter-Authority transfers were never forgotten and
would be recommended i f economically viable. Mr Clarke said that he had
a professional interest in recommending them i f they were viable because
he had helped draft the Water Resources Board's f inal report which
recommended them.

Dr Rees had recommended dual systems: in fact, large dual systems did
already exist , an example was one in South Humberside. Also there was
another dual system, because in a peak week in a dry year, about 50% of
the water used in the Anglian WA region was abstracted directly by the
consumer from the water resource system, and that system was enhanced
when appropriate. On the subject of re-use, there was large potential
and this was being realised. In the year 2001, about 30% of the surface
water used in the Anglian WA region wi l l have Been used before.

Final ly, i f the author would l ike to v i s i t the Anglian WA, she would
be shown some of the achievements of the last seven years, some of which
had resulted from the influence of the small group of economists l ike her.

J.B. BUKY (World Bank) said that the pricing considerations given in the
paper highlighted the single major omission in each of the excellent papers
presented during the symposium, namely the question of loss of revenue to
the water undertaking caused by losses of any form. Since under the
Brit ish system, domestic consumers were not (yet) charged directly for
the amount of water consumed such omission was understandable. Nevertheless,
since industrial and public consumers were metered, loss of revenue due to
under registration of meters ought to be a concern. In the United States,
Brazi l , Singapore, and other places such meters (over 2in diameter
connections) were often recalibrated every 3-6 months to avoid such revenue
losses. The revenue issue should also be considered by the Brit ish water
industry because of the leading role of i ts consultants and members in
water supply in the developing countries. One of the World Bank's
primary requirements in considering financial support for water supply
projects was the financial v iab i l i t y of the borrowing ent i ty. By far the
most common form of charging for the supply of water was the use of
metered ta r i f f s and i t was therefore a v i ta l financial issue to keep
unaccounted for water (UFW) to the economically possible minimum. The
financial v iab i l i t y was not merely a 'sound business' requirement. I f
the estimated 2,300 mil l ion people who wi l l require water supply services
during the next ten years were to be sat is f ied, a major part of the required
funds would have to be generated internally by the water supply sector
through appropriate charging systems. Eff icient control of UFW was a
major consideration in every World Bank supported water supply project
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and there was a constant search for improved methods. The Bri t ish water
industry through various channels and specifically through this Inst i tut ion
should play a major part in this search and the World Bank's water sector
staff would welcome a closer cooperation with the Inst i tut ion to further
this. The leak detection practices and technologies described during
this symposium would be v i ta l l y important in many developing countries
but the commonly 'quoted' 50-60% UFW figures could not a l l be considered
leakage. I t was therefore most important that what were often called
'administrative losses' be given adequate consideration. In many cases
successful reduction of such 'losses' through improved 'accounting' might
determine that only the most simple and routine leak detection programmes
were just i f ied economically.

J.A. YOUNG (Wessex Water Authority) said that he was grateful to Dr Rees
for her paper, not only for what i t said but for what i t hadn't said. I t
was a re l ie f to be spared the usual marginal cost arguments. In a world
where charges were set by a combination of brute force, ignorance, and
legalized brigandage, the immaculate conception of charges for the water
industry was becoming rather an outworn cliche.

As well as ensuring non-discrimination between classes of consumers
under Section 30 of the 1973 Act, tempering the wind to the shorn lamb of
the lower income groups, water authorities must meet their Performance Aims,
manpower targets, keep within capital ceilings and external financing l im i ts ,
realize the required rate of return on assets, only spend capital on revenue
saving schemes, adopt inf lat ion accounting, review their asset l ives, be
scrutinized by the Department of the Environment in the wake of the
Monopolies and Mergers Report on Severn-Trent, and by accountants appointed
by the Government before going firm on budgets and charges. The overall
result of these inconsistent, ad hoc, mutually contradictory expediencies
was that at the end of the day charges would be rather higher than they
would have been i f water authorities had been le f t completely to their own
devices.

Mr Young then said that her breath of fresh air was needed to sweep
away any complacency. Things were moving and they didn't now write 10%
as their percentage of unaccounted for water when asked to provide this
information. There was now a standard method of calculating unaccounted
for water in accordance with the Leakage Control Policy & Practice Document,
but as long as domestic consumption was largely unmetered, unaccounted for
water would perforce have to be an estimate, although an increasingly
accurate one. They were also beginning to calculate the value of water
saved in different areas so that limited manpower could be directed in
the best direction as far as waste detection was concerned. Mr Young
said that he didn't know how Dr Rees's suggestion that the headquarters
staff at Severn-Trent should be remustered as waste inspectors, had gone
down there, but i t would not be the f i r s t time that his headquarters staff
had been sent out at night to carry out comprehensive waste detection tests!

Mr Young said that he did not share Dr Rees's views about duplicate
distribution systems for potable and other qualities of water, except in
special cases. There was a real problem with the risk of contamination
by cross-connections and of course by far the highest proportion of fixed
costs, 60% or more, was in underground assets, both from a capital and
revenue point of view, and i t was very uneconomic to duplicate these unless
there were very special circumstances. However, effluent was being re-used.
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Mr Young said that i f he drank the glass of water in front of him i t would
have been through, he believed, at least five sewage works on i ts route
down to the Thames, unt i l i t was treated for water distr ibut ion. At
Br isto l , Wessex supplied treated sewage effluent to industry and both
effluent and e lec t r ic i ty to the refuse destructor, and they had been
trying ever since 1974 to get a jo in t scheme of f the ground with the County
Council to u t i l i se the waste heat from the refuse destructor to add to the
6MW Wessex already generated at Avonmouth from sludge gas; and at the
Westbury cement works, sewage affluent was being used for slurry transport
and town refuse to heat the k i l n .

As far as domestic water economy was concerned, a l l new installations
had to be dual flush and with the Wessex meter pack for the domestic meter
option, two free variable flush cistern conversion kits were provided,
which would reduce average domestic consumption by 17%. I t was disappointing
to find that a large number of people interested enough to opt for a domestic
meter were not even bothering to get their plumber to instal l these variable
flush k i t s , and Wessex were about to embark an additional publicity on this
aspect. In spite of the hysteria about water charges, price elast ic i ty
s t i l l seemed to be very low for water.

Wessex were also using the variable flush kits on Exmoor as a resource
option to husband spring supplies which fe l l to a low level in the summer
when the area was f u l l of v is i tors. Mr Young agreed, however, that much
more action was needed to produce economical water appliances, such as
washing machines, and i t would be a good idea i f there was a water economy
label available from the National Water Council, on machines which were
economical in water use.

R.H. SMITH (Northumbrian Water Authority) said that the Technical Working
Group on Waste of Water had indicated i t s credentials in economics by
recommending i ts winding up; i t had thus become the f i r s t standing
technical committee to apply for voluntary severance! He thanked Dr Rees
for another paper that had the effect of putting members on their mettle
but he believed that important advances had been made since Dr Rees's
paper of 1974; a codified procedure, in the form of the Final Report of
the Technical Working Group on Waste of Water was now available and i t had
been shown to be acceptable to both economists and to engineers.

Mr Smith said that he was very pleased to note Dr Rees's approval of
the commonsense economic method used in 'Leakage Control Policy and Practice'.
One point worthy of emphasis was that in taking into account l imitations in
the accuracy of the constituent elements, i t recognized that there may be
more than one method of control that was economic for any particular system.
The less easily quantifiable factors must then be assessed and the manager's
judgement exercised on po l i t i ca l , f inancial , and operational matters before
one method of control could be determined. As an example he had worked
the figures, put forward earl ier in Mr Ingham's paper, into the Working
Group's method using only the unit operating cost and had found that regular
sounding (the current method) and d is t r i c t metering were shown to be economic
options. Figures for the unit capital cost were not available but, although
the absolute figures changed when a notional unit capital cost of 1 penny
per cubic metre was added to the unit operating cost, both regular sounding
and d i s t r i c t metering were s t i l l shown to be economic. Mr Smith said that
he was sure that he knew what Mr Ingham's choice would be.
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Dr Rees had referred to the absence of reference to leakage from
consumers f i t t ings in the Working Group's report. Significant leakage
from consumers apparatus was specifically referred to and would, of
course, be picked up during inspections of d is t r i c ts . Because inspections
for waste within buildings was so intimately tied up with inspections for
contamination, misuse, undue consumption, reverberation in pipes, etc.
i t had been decided by the Group that to go into detail would cloud the
main thrust of i t s work and i t had been agreed with the Chairman of the
Standing Technical Committee on Water Regulations that his committee
would deal with waste inside buildings. Mr Smith believed that this
had been a correct decision.

House-to-house inspections had also been referred to by Dr Rees and
Mr Smith said that these (amounting to checking taps and ball valves for
leakage) had been abandoned many years ago by the Durham County Water
Board in favour of a freely available rewashering service. The la t ter
had proved to be cheap to run, reduced leakage and maintained good
consumer relations.

S.J. GOODWIN (Water Research Centre) wrote that a number of authors had
referred to NWC Report No.26 'Leakage Control Policy and Practice'
and the author herself had commended i t as a 'good commonsense f i r s t
approach to operationalising the economic rule in practice'. The
symposium would be incomplete without mention of the importance of that
report and the substantial effect i t had made on the water industry since
publication eighteen months ago.

I t had long been accepted that economics should play a major part in
determining leakage control expenditure and many theories had been proposed
over the years. Report 26 provided for the f i r s t time a practical
procedure for determining leakage control policy which included not just
the economic considerations but the practical factors and constraints also.
This was most probably the f i r s t report of i ts kind which had been found
acceptable by engineers, economists, planners, and accountants. This
procedure was shown in Fig. 3 I t is applicable universally, to a l l parts
of a supply and distribution system and to a l l systems regardless of the
fact that an active leakage control policy was in operation.

The need for accurate estimation of leakage levels was paramount to
avoid the choice of an inappropriate method of control. David Field and
Tony Spencer had persuasively shown that this meant measurement of net
night flows using perhaps a reservoir drop test and although these
measurements involve some e f fo r t , this was but a drop in the service
reservoir compared to the effort and expenditure which would be incurred
in future years on the chosen method of control. They had heard in the
discussion that NWWA had performed such measurements for 290 zones covering
85" of the properties in their region. This was no mean feat and several
other authorities had so far achieved more than 60% coverage. Significant
progress had been made in the calculation of the unit cost of leakage, and
he estimated that to date these costs had been derived for approximately
two-thirds of England and Wales.

His f inal point concerned the question Dr Rees asked in the paper -
I f active waste (leakage) control policies were economically viable,
why did sub-optimal methods remain in use? The simple answer was time.
Since publication of the report in July 1980 substantial progress had been
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made in implementing i ts recommendations and several authorities had reached
the stage where they had determined the appropriate policies in a large part
of their regions. In the coming few years they would be applying themselves
to the much more d i f f i c u l t , expensive, and labour intensive tasks of
implementing those policies.

R.W. RILEY (Binnie & Partners) in a written contribution commented on the
third type of loss discussed by Dr Rees in her challenging and provocative
paper. That was the provision of an unduly high quality of supply.

In Hong Kong in 1962, severe drought conditions led to the reduction
of the water supply to four hours every fourth day, which naturally caused
everyone to make arrangements for water re-use on an individual basis.
Salt water flushing systems were already being provided for new housing
projects and, as an emergency measure, additional salt water flushing
mains were laid above ground on footpaths. The salt water flushing
system had continued to expand since then and was now provided as a matter
of course in a l l areas of new development. The Hong Kong Water Authority
also had a programme for converting potable water flushing fac i l i t i es to
salt water in areas of existing development, and a condition of any new .
lease of Government land in urban areas was that pipework shall be provided
in al l buildings for separate salt water flushing whether this was currently
available or not.

In his opening remarks the Minister had referred to the major works
currently being carried out on both the sewerage and water supply systems
in Baghdad. The Water Supply Administration of Baghdad had undertaken
to replace v i r tua l ly the entire treated water distribution system of the
city and also to construct a new raw water network for garden watering.
Wotk on pipes of 400mm dia. and above was proceeding concurrently for
both projects with a target of completion in th i r ty months. For pipes
smaller than 400mm dia. construction of the raw water system would probably
follow completion of the treated water network which was planned for the
end of 1984. Each network involved about 5,000km of pipelines varying
between 1600mm and 100mm dia. -

The schemes in Hong Kong and Baghdad might be taken as confirmation
of the views on dual quality systems put forward by Dr Rees but Mr Riley
sounded a warning. In theory i t was an excellent idea but the practica-
l i t i es of laying a complete new system in a major ci ty were rather
different as Baghdad was now finding to i ts cost in the dislocation of
t ra f f ic and of most other services. Some of the problems could be
overcome with a much larger time scale for construction but he thought
that the construction of a tota l ly new system, as implied by a changeover
from a single to a dual standard of supply, was unrealistic for an existing
ci ty of any significance except in very special circumstances such as those
which prevailed in Hong Kong.-

Dr Rees had quoted a series of papers edited by Baumann and Dworkin as
suggesting that the costs of system duplication had been overestimated but
the paper quoted made i t clear that i t referred primarily to new systems
while i t was also considered that dual systems may be appropriate for new
communities or new areas. The paper quoted went on to state that ' . . .
i f an existing municipal system is to be replaced more or less in i ts
entirety by a dual system, the cost might be unrealistic1. A different
paper in the series quoted the result of a major study to evaluate a dual
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supply system for a new community of 10,000 persons at Denver, Colorado,
which was rejected in favour of a single supply system. I t was also
interesting to note that the paper quoted by Dr Rees went on to discuss
metering dual quality systems and suggested that: 'Perhaps i t might not
be necessary to have separate meters for each type of water for each use.
I t may turn out that only the potable supply should be metered or perhaps
even that metering might not be needed at a l l . 1

J. DIRICKX (Antwerpse Waterwerken) in a written contribution commented on
the provision of dual supply systems, and said that the examples given in
the paper were not relevant to western industrialized countries. A study
in Belgium had shown that 15% of water used in houses had to be of the
highest quality, and a further 58% could be of a sl ight ly lesser quali ty,
but had to be hygenically harmless, so that the cost of producing i t was
almost the same as for the highest quality water. Thus, 73% of consumption
must, in effect, be drinking water.

I t was found that the provision of a dual supply system would increase
the cost of water to consumers by a factor of three or four. Furthermore
i t was fe l t that the introduction of dual supplies could encourage consumers
to use the lower quality water more lavishly, thus increasing overall
consumption.

J.S. POCOCK (Thames Water Authority) wrote that he thought that Dr Rees had
misunderstood the reason for vexation by engineers who had, perforce,
operated through tradit ional methods. The vexation did not arise from a
reluctance to accept change but from the fact that water supply systems
were often inherited; i f one found them old and inadequate for present
needs i t was d i f f i c u l t , and might be impossible, to do anything about i t .
Thus many excellent systems were designed on the principle of producing,
treating, and pumping huge quantities of water at low cost but this
objective did not always include accountability for quantities put into
supply in different geographical areas. Such systems used scale and
pumping head to maximum effect and, at the time of construction, saved
capital expenditure as well as reducing subsequent repair and replacement
costs on plant, meters, reservoirs, and gravity networks. The penalty
today was poor accountability within the considerable tolerances of
accuracy identif ied by Dr Spencer and Mr Field. Dr Rees had only added
to his vexation and he would ask her to consider what value she was
prepared to put on achieving arithmetic accountability within wide bands
of possible inaccuracy that were l i t t l e understood by the public.

J. CLAXTON-SMITH (Yorkshire Water Authority) wrote that he thought that the
comment in the paper about the unwritten, sub-objectives of water suppliers
being one of minimizing flak had, in part, been carried through to the
symposium. They had listened careful ly, but he suspected they really
did not understand water losses, because they have been given no hard
data on water usage. He took up one theme to which Dr Rees had drawn
attention; the need to get some more manpower allocated to leakage
detection and control. He drew attention to Bones's Discovery: unlimited
manpower could solve any problem except what to do with the manpower, an
example of which might be: i f one man could dig a hole in an hour why
couldn't sixty men dig a hole in a minute?
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He suggested that i t was not manpower, per se, that was required but
the abi l i ty and willingness to manage the human resource. This broke
down into two basic factors; the technical requirements, and the
motivational aspects of the management task. Here they were talking of
leakage detection and control as a real task for a water engineer.

I t may be appropriate to ponder the managerial role of the task of
leak detection and control in the 24 hour/day, 7 days/week water industry.
Leak detection seemed to involve more than i ts fa i r share of what were
termed 'unsocial hours'. I t would seem inappropriate for manpower to
be allocated to this task without the necessary leadership. I t was
worth noting that normal management working hours only gave 25% cover.
Would Dr Rees care to comment on the managerial-manpower relationship
in inst i tut ing change to reduce water loss.

Author's reply

Many important issues had been raised in the discussion session and i t had
clearly not been possible to do justice to a l l of them in a manageable
length reply. However, an attempt had been made to identify and answer
the key issues, some of which had been raised in common by several discussors.

First of a l l , Dr Rees f e l t that she had to reply to Mr Thackray's
comments on the different reactions to the paper from engineers and
economists. I t was no surprise that the economists should be 'disparaging'
since the f i r s t part of the paper had cr i t iz ied the relevance of the
conventional theoretical economic approach to efficiency within the water
industry. However, i t would be d i f f i cu l t for them to deny that the main
thrust of the academic contribution to water economics had concentrated on
allocative efficiency issues and that this approach had limited relevance,
given the highly abstract model upon which i t was based. Moreover, this
emphasis had undoubtedly led to a neglect of other areas of study which
could have much more practical significance for suppliers operating under
real world economic and pol i t ical conditions. As Mr Young had said, even
in industries where unit pricing was possible charges were not set according
to 'optimizing' c r i t e r i a , and i t was clearly necessary for attention to be
turned from the 'immaculate conception of charges' to areas where real
efficiency gains could be made. An example of what could be achieved
when economists and engineers sat down together to deal with an issue of
practical importance was clearly seen, as Mr Smith and Mr Goodwin had
pointed out, in the report of the 'Technical Working Group on Waste of
Water'.

No attempt had been made to claim that the points made in the paper
were new; in fact i t was a truism to say that very few really original
thoughts had ever been produced, progress was more l ike ly to come from the
understanding of old messages and their application to different situations.
I t was pleasing to note that the engineers found the paper 'exhilarating and
provocative'; i t was, of course, written with them in mind. Perhaps the
different reactions served to i l lustrate the gulf which s t i l l existed
between the views of the engineers and the economists. A gulf which was
also shown in quite a different context by Mr Speight's statement that
water supply was essentially a technological enterprise. This was very
much a physical science view. To most social scientists the industry's
problems were not perceived of as being technical in nature, but included
issues such as what the appropriate levels of service defined in economic,
social, and pol i t ica l terms?, how should supply costs be allocated between
consumers?, what were the distributional consequences of operating the
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water industry as a business rather than a public service?, what measures
could be adopted to improve the efficiency of resource use?, and how far
should suppliers be accountable to the public they serve? While technical
ski l ls clearly had a role to play, 'technology f i x ' solutions were not
always feasible or indeed appropriate and could not answer these key
questions. Indeed another discussor, Mr Clarke, had argued that already
the job of the water engineer had less to do with engineering sk i l ls and
more to do with economics, accounting,and man management.

Turning to the pricing policy and allocative efficiency issue raised
by Mr Thackray, i t must be made quite clear that the paper did not advocate
universal metering, in fact rather the reverse. There was no doubt that
i t would indeed be a misallocation of resources to invest in metering, or
in any other 'waste' control measure, i f the costs involved exceeded the
resource savings. This was particularly so in the metering and pricing
case as many of the theoretical allocative efficiency gains were unlikely
to materialise under real world conditions. However, i t must be pointed
out that the evidence cited by Mr Thackray on the effect of metering was
rather contradictory. I f there was indeed a consistent 102S difference
between metered and unmetered consumers this implied that some price
response was present when prices rose from zero to current unit price
levels. Studies conducted in one town were an extremely narrow data
base from which to make definite conclusions on the price e last ic i ty of
demand for water in Britain. This was particularly so when the study
period was one of rapid price in f la t ion , with l i t t l e or no real rise in
water prices, and when consumers in low rateable value properties, which
in earlier analyses had been the most price sensitive group, and been
effectively removed from the study by the introduction of fixed minimum
annual charges.

A number of discussors had taken up the comments in the paper on
leakage control, although i t was interesting to note a certain amount
of disagreement about the attention given to waste control by water
engineers. Whereas Mr Speight broadly agreed 'that engineers tended
to see the construction of additional capacity as a traditional solution
while turning aside from minimizing the need for such additions',
Mr Clarke had argued that such remarks reflected out of date information
on the industry! The fact that such disagreements occurred rather spoke
for i tse l f . The view was s t i l l held that while without doubt the
industry had made tremendous strides over the last seven years, waste
control s t i l l had not achieved equal status with supply construction in
attempts to increase supplies. I t was s t i l l comparatively rare for
investment appraisal exercises to include leakage control measures
alongside alternative capacity development schemes.

In the paper i t had never been implied that the Monopolies Commission
had uncovered something new in discussing 'unaccounted' water in Severn-Trent,
i t could hardly do so since in broad terms the issues raised by their report
had been discussed in the Inst i tut ion's own 1974 Symposium. The fact that
there was nothing new in the findings on leakage also implied that the
industry could not, as Mr Goodwin had suggested, hide behind time as the
reason explaining why more progress in waste control had not been made.
While i t was, of course, true that the DoE/NWC report had only been
published in July 1980, as long ago as 1967 a president of this Inst i tut ion
had argued that the 'unaccounted loss . . . in the majority of undertakings
would be not less than one-third of the total daily consumption . . . I t is
obvious therefore that there is room for considerable improvement in
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consumption per head per day' (25). Long before 1967 engineers such as
E. Gledhill had argued that more attention must be paid to leakage
control. Surely lack of w i l l not lack of time had been the chief factor
inhibiting progress. Finally on the leakage question, while accepting
Mr Pocock's point that given the industry's historical legacy i t was
frequently d i f f i cu l t to achieve supply accountability, as Mr Goodwin had
said accurate estimation of leakage levels was crucial and the costs of
measurement were minor compared to the costs of control.

I t had been a rel ief to hear that large scale reservoirs such as
Rutland Water were not 'largely unused', although i t was d i f f i cu l t to
judge how that fact squared with the considerably lowered forecasts of
demand growth. Would i t be indiscreet to ask whether this meant that
other older reservoirs or pumping stations were now used less intensively?
I f indeed these reservoirs were needed then surely the RWAs should improve
their public v isabi l i ty and be prepared to refute statements such as 'The
Anglian Water Authority says i t may start to use some of the huge potential
yield of Rutland Water's - 250 mill ion l i t res per day - in about five years
time'(21) made in a journal not noted for journalistic inaccuracies.
Mr Thackray's statement that large scale interbasin transfer links tended
to be uneconomic was accepted, in fact this was probably true of most
large scale supply extension schemes. I t had not been the intention of
the paper to imply that in future planning the large reservoir with
transfer links would be a viable option, but to suggest that in situations
where vast surpluses existed, and would exist for some considerable time,
transfers could be a more environmentally sensitive and a cheaper option
for the economy as a whole than the development of new reservoirs to serve
deficiency zones.

On the question of appropriate supply quality, i t was, of course,
accepted that private abstraction represented a major 'lower' quality
supply source and did involve considerable re-use. However, having said
that i t remained true that few systematic appraisals had been conducted
on the potential v iab i l i t y of planned dual supply and re-use. In no
way was i t implied in the paper that dual supply systems should be
introduced everywhere, with construction teams tearing up the urban
fabric to lay another set of pipes. In fact i t was expl ic i t ly stated
that i t was unlikely that the widespread adoption of the system would
prove economic, but in the absence of analysis i t remains to be seen
whether small scale projects serving industrial estates, recreation
complexes or even domestic consumers in new or renewed housing areas
would similarly be uneconomic. I t must be said that by no stretch of
the imagination could Northwest Tasmania be regarded as an arid region,
i t was temperate with a climate not dissimilar to parts of southern
England, albeit with summers!

All that had been attempted in the paper was to suggest that a more
innovative approach could be taken by the RWAs, in at least thinking
about their 'accepted practices' and testing alternative supply strategies.
The work being conducted by Wessex was to be welcomed and i t was to be
hoped that other authorities would follow their example.

Finally, i t must be said that there was every sympathy with Mr Young's
obviously heart f e l t plea concerning central governments various and often
inconsistent demands. I t had always been d i f f i cu l t to see how the
achievement of any test discount rate or in more modern terms the required
rate of return, could be a meaningful efficiency cr i ter ia for a monopoly
industry which raised much of i ts revenue from rates rather than unit charges.
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8. THE GOVERNMENT'S VIEW ON THE LOSS AND WASTE OP WATER

By D C MUSGRAVE, FICE, MIStructE, FIVES* and
E F IOUNG, BSc(ENG), MICE, MIWES/

INTRODUCTION

The duties and obligations of statutory water undertakers are
laid down in various Water and Local Acts. Their collective
purpose is to secure that adequate supply is maintained within
undertakers' areas; there are prescribed circumstances in which
these duties may be relaxed, such as periods of severe drought.

In turn, the Water Acts impose a duty upon Secretaries of
State to promote and secure effective execution of a national
policy for water. Thus the affairs of the water industry,
particularly its efficiency, are of concern to Ministers. For
this reason the extent of water loss interests not only the
consumer (who ultimately pays all costs) and the undertaker
(who has a duty to maintain the service) but also Ministers
(who are answerable to Parliament for their sponsorship). In
carrying out the duties imposed by the Acts, Ministers have
regard not only to the interests of consumers (the costs they
have to bear and the standard of services they receive) but
also to the many problems to be overcome by water industry
management.

THE IMPLICATIONS OF LEAKAGE AND UNDUE CONSUMPTION

Stated at its simplest, the total daily supply of water is the
sum of water taken and properly used in consumers' services plus
the water lost through leakage and undue consumption. Put
another way, the ratio between the amount of water properly used
and the total put into supply can be considered a form of "use
factor". It is salf-evident that the water industry should aim
for a high use factor as this implies not only minimal loss from
leakage but also careful use of water by its consumers.
Although these statements can be labelled as obvious or trite,
they contain the fundamentals associated with an understanding
of water losses. For every gallon properly used by consumers,
a fraction of a gallon has undoubtedly been lost (by leakage,
waste or undue consumption) on the premises and another
fraction of a gallon as a consequence of leakage from the mains.

In one respect, the use factor is a measure of "efficiency",
but the word efficiency can mean different things. A high
transmission efficiency (low leakage rate) might be attained
only at disproportionate cost. Optimum efficiency must have
regard to costs as well as benefits. In judging the efficiency
of his water undertaker, the consumer looks at the size of his
bill as well as at the reliability and quality of his supply.

•Chief Water Engineer, Department of the Environment
/Department of the Environment
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By reducing leakage from the mains and persuading consumers
to make proper use of water they receive we delay the need to
expand the undertaker's supply capability. This, in turn,
conserves the land, manpower, materials and capital needed for
construction of works to abstract or store water and to treat
and transport it. The implications for operating cost, in terms
of use of energy, chemicals and manpower, are self-evident.
Clearly, Government has an interest in any issue which may place
a demand on land, manpower, materials and capital, for these,
in the final analysis, are national resources.

Within the constraints on public expenditure necessarily
imposed on the water industry, Ministers look to each undertaker
to exercise sensible economic practices in establishing
appropriate and acceptable use factors (efficiencies, or
whatever term might be used).

WATER LOSSES IN THE CONTEXT OF NEW RESOURCE DEVELOPMENT

Prudence dictates that the needs of the future should be
provided for in good time. But an over-cautious approach can
lead to premature expenditure on new water resources, or to
provision of sourceworks larger than those required to meet
needs forseeable within a reasonable planning horizon. Thus,
in deciding when to seek powers to construct new sourceworks,
and in determining the size they should be, an undertaker must
strike a balance between the need to secure adequate supplies
in good time and for a finite period, and the need to conserve
national resources, using the definition already outlined.

The procedures to be followed in promotion of new
6ourceworks are laid down by statute. Ministers have the duty
to make the final decision and to balance the opposing
interests that are invariably involved. In doing this they
cannot neglect to have regard to the influences that present
and future water losses within the command area have on the
immediate need for new sourceworks or on the size they should
be. In considering this matter they will wish to be informed
of the economic balance between the cost of reducing water loss
and the value of the water saved.

ACCIDENTAL ESCAPES OF WATER

Mains bursts can be spectacular and may involve loss of
substantial volumes of water. They are daily occurrences the
incidence of which is only likely to be reduced in the long-term
as mains replacement proceeds and as standards of design and
construction improve. Closer control of mains pressure, made
possible by modern sensing and control equipment, may offer some
prospect of improvement as the technology develops.

Repair of bursts and steps taken to reduce their incidence
are, in general, matters of detailed operational control for the
undertaker. The aggregate effect of accidental escapes of water
is most unlikely to prejudice an undertaker's ability to maintain
supply in the long-term, but insufficient attention to upkeep
and replacement could influence its cost. Thus, in the extreme,
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neglect of the distribution system could be said to prejudice
the effective execution of the undertaker's duty to supply and
could be of interest to Ministers.

FIELD OF CONSIDERATION OP WATER LOSS

It is convenient to consider water loss under five headings:

Losses from reservoirs

Water loss within undertakers' supply and distribution
systems.

Effects of domestic metering on water loss.

Control of waste and use of water by means of water
byelaws.

Publicity for economy in the use and avoidance of waste of
water.

LOSSES FROM RESERVOIRS

Evaporation, seepage, and compensation water represent losses
which the water supply engineer regrets. Conservation of water
includes the construction of impounding reservoirs free from
seepage and, in some cases, measures to control evaporation.
In another respect, loss of water which might otherwise have
been available could occur as a consequence of afforestation.

Water undertakers are generally under an obligation to
discharge compensation water from impounding reservoirs. The
determination of compensation water for any particular reservoir
involves considerations of diverse factors such as the character
and flow of the receiving river or stream, particularly as to
whether the compensation flow should be continuous or in
accordance with an agreed formula or rule linking river flow
and the calendar.

Other interests need to be taken into account, such as the
requirements for fisheries, agriculture and industry, other
water undertakers, protection of rights of riparian landowners
and the minimum flows required to secure public health
interests. In making decisions on applications for licences to
impound or abstract and in fixing the amount of compensation
release it is necessary to balance these competing and
conflicting interests; this task frequently falls to Ministers.

Ministers are also concerned whenever orders under the
Drought Act are applied for by undertakers for the purpose of
temporary relief from compensation water conditions.
Reconciliation of the various interests in these circumstances
is most difficult.

WATER LOSSES WITHIN UNDERTAKERS' SUPPLY AND DISTRIBUTION SYSTEK6

Composed of elements as diverse as service reservoirs and pipe-
lines, constructed from materials often prone to corrosion, aged
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anything up to 100 years or more, subjected to loads often not
contemplated when constructed and, most especially, usually
located below ground out of sight, it is not surprising.that
leakages occur almost anywhere throughout a water supply system.

The current level of leakage in any area is often dictated
by standards of manufacture, design and workmanship employed 50
or more years ago, not only on distribution mains, but also on
pipework, fittings and appliances within consumers' premises.
Moreover, the level of leakage in any area is dependent upon
ground conditions and on the attitudes of management within the
undertaking towards waste control. If left unchecked, the level
of leakage will rise to a level which could necessitate
premature construction of new resource works, extension of
treatment capacity and reinforcement of distribution mains.

All this is self-evident but needs to be said. What could,
or should, be done the DoE/NWC Working Group on the Waste of
Water has made clear in its report "Leakage, Control Policy and
Practice" (1). The Establishment of this Group followed
recognition of the need for work on the subject, arising from
the Institution's Symposium on Waste Control in 1974 (2). As
one of the authors said at that time:

"The benefits obtained from waste control which include
the value of. water saved as well as the value attached to
the postponement of capital expenditure on new works
should be expressed in cash terms to be set against
expenditure, so that conscious decisions can be made
whether or not additional (or lesser) expenditure on waste
control is justified. In this manner, each water authority
would determine how much effort by each division should be
put into preventing waste; they will need to establish
what saving in water occurs for each pound spent. This
appraisal will in many cases be very difficult to carry
out but some attempt to do so must be made. What makes
the problem so intractable is the fact that we need to
know more about the extent of waste of water. We do not
know just how much leakage is taking place or where it is.
occurring."

Much of this rings true today but we have advanced since then in
that the recommendations in the DoE/NWC report provide valuable
tools by means of which the industry can tackle the problem,
decide the amount of effort that should be devoted to it and
identify areas likely to yield the best return.

There is some evidence that the present national aggregate
level of leakage (inclusive of that from consumers' underground
supply pipes) may amount to some 20# of the total volume put into
supply. It is thought that it would not be economic to attempt
to reduce loss to below 12%. On this basis there could be a
potential saving of some 8% to be won by a radical re-appraisal
of leakage control. The scale of the problem in England is
immense, concerning some 140,000 miles of mains and 18 million
service pipes. But unpublished information obtained by the
Working Group indicated that the possible annual net savings on
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account of reduction of leakage from distribution systems might
be very significant.

Clearly, this is a matter relevant to the effective execu-
tion of water undertakers' duty to supply, and one, therefore,
in which Government is entitled to take an interest. Ministers
have endorsed the recommendations of the Report of the Working
Group. In doing so they have recognised that increased effort
on leakage control has manpower implications but have expressed
the hope that some at least of the extra effort required may be
diverted from less important tasks.

Accounts of progress in implementing the Report recommenda-
tions emphasise the lack of factual data, particularly on
current leakage rates. This aside, in some areas there has been
encouraging progress since publication of the Report.
Impressive results have been achieved rapidly and with relatively
minimum effort by pressure reduction linked to telemetry. This
suggests that, because unnecessarily high distribution mains
pressures, particularly at night, contribute significantly to
water loss, consideration should be given to the possibility
that action along these lines might prove cost-effective in
other areas. Aside from reducing water loss and, perhaps,
lessening the incidence of bursts, pressure reduction could
produce other unquantifiable benefits to consumers, including
reduced wear and tear on their fittings.

It is for the water industry to demonstrate that all
reasonable and economic measures are being vigorously pursued
to reduce needless loss of water from their distribution systems.
Unless they do so they will find it difficult to urge the
consumer to take steps to conserve water within his premises or
to justify stern water byelaws, likely to have cost implications
for the water user, aimed at preventing waste or undue
consumption. They will also find it difficult to Justify the
use of national resources to expand their supply capacity.

EFFECTS OF DOMESTIC METERING ON WATER LOSS

The water industry, following publication of its report (3),
has recommended that optional metering for domestic services
should be permitted. Those taking up the offer would have a
real incentive to keep their installations in good repair and to
consider installing water-saving fittings and appliances, such
as high efficiency showers and conversion of single-flush WC
cisterns to dual-flushor variable-flush. However, reduction
in the use and waste of water would not necessarily result in
all cases. For example, metered water bills could lead to a
greater use of water where fixed charges for the use of hoses
for garden watering no longer apply.

Because water economy is beneficial not only to the
individual metered consumer but also to the water industry and
thereby to its customers collectively, it would be sensible
for the water industry to make available to consumers advice on
how they can maximise their benefits from being metered.
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CONTROL OF WASTE AMD USE OF WATER BY MEANS 0? WATER BYELAWS

It is for the water industry to take all reasonable and cost
effective measures to reduce needless loss of water as a
consequence of leakage from supply and distribution systems.
These measures apply generally up to the junctions of
undertakers' communication pipes and consumers' supply pipes.
Beyond undertakers' stopvalves, reliance for reducing loss of
water must primarily be placed on making and enforcing water
byelaws for the prevention of waste and undue consumption.
The practice of detection and service of notice requiring
repairs to be undertaken on consumers' premises is to be prefer-
red to that of prosecution for actual waste. Prosecution is
regarded as a mechanism of last resort and this view is
supported by the Department.

It is convenient to consider under four headings the way
water loss within consumers' installations can be controlled by
water byelaws:

Prevention of waste of water

Prevention of undue consumption

Enforcement of byelaws

New Model Water Byelaws

Byelaws for the purpose of preventing waste of water

Measures prescribed in byelaws for the prevention of waste
of water (and, for that matter, prevention of undue consumption)
have implications for expenditure by property owners.
Expenditure incurred by the water undertaker on mains leakage
location and control should yield a substantial fate of return,
benefitting all consumers in the form of reduction in general
scale of water charges (or smaller increases than would
otherwise be the case). In contrast, expenditure incurred by
individual non-metered property owners on conservation yields
them no direct return.

For this reason, byelaw requirements aimed at preventing
waste of water need to be capable of being shown to be
appropriate and the minimum necessary. As an example, byelaws
aimed at producing high standards for underground pipework might
well be justified on the grounds that leakages on these pipes
are usually long running before detection, resulting in
aggregate in a substantial proportion of the total loss of water.
In contrast, byelaw requirements aimed at preventing leakage
from piepwork and fittings above ground could be difficult to
justify if they aimed at ensuring, as with underground pipework,
that leakage should never occur.

By their very nature, byelaws as a code of plumbing
practice are no substitute for sound design and good workmanship.
Nor are they appropriate for securing services which are fit for
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the purpose. These aspects are best dealt with by those whose
business it is to provide such advice, be they designers,
manufacturers or installers.

It is the view of the Department that there should be as
wide a choice as possible in the selection and use of water
fittings. Although it is accepted that cheap products might
well fail, involving the owner/occupier in expense in premature
repair or replacement, the view is taken that it is not for
Government to prescribe the life expectancy of a draw-off tap
or a float operated valve. On a related matter, it is felt
that the decision whether to provide a free or subsidised tap
or valve re-washering service is one that should rest with each
undertaker in the light of local circumstances.

The question has been asked whether byelaws aimed at
preventing waste of water should apply equally in areas where
the unit values of water differ significantly. The Department's
view is that all installations at the time they are first
connected to the mains should be to a byelaw prescribed minimum
standard commensurate with the expected life of the building
served. This assumes that fittings and appliances will receive
appropriate maintenance, repair and renewal as and when
necessary. The control exercised by the undertaker on leakage
and waste in consumers systems subsequent to their connection
to the mains should be proportionate to the value placed on water
saved. Thus the starting position in all new installations
should be similar but the degree of intensity of ensuring
repairs are carried out at a given time may vary from area to
area.

Byelaws aimed at prevention of bursting of pipes and
fittings as a consequence of freezing benefit both the under-
takers and the occupants of buildings. Experience has shown that
poorly protected installations are at serious risk during
prolonged low temperature conditions. Whilst draining pipework
to avoid freezing in unoccupied or unheated buildings is
widely practised, frequent draining down to waste should be
discouraged; one way of doing 80 would be to reduce the need
by ensuring that the installation is adequately protected
against freezing. This is an area where codes of- good practice
could materially assist both undertakers and the public at large.

Byelaws for the purpose of preventing undue consumption of water

Because compulsory metering of domestic services is not in
prospect, at least for the forseeable future, there is need for
water byelaws not simply to prevent loss of water as a
consequence of leakage, but also to control water use wherever
that can be achieved without detriment to the level of service.
An important example of this is the control of water used in WC
flushing. In past years, byelaws prescribed the maximum flush
(in England, 2 gallons) following Regulation Kumber 21 of the
regulations made under the Metropolis Water Act 1871. This was
a milestone in water byelaws history; it was many years before
manufacturers were able to produce an acceptable design but
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there is no doubt that this requirement - which has been
perpetuated throughout over 100 years of byelaws - has done more
to reduce undue consumption than any other single byelaw. (*)

Since 1976» byelaws made by water undertakers have, at the
suggestion of the Department, included a requirement for
domestic WC cisterns serving pans of the washdown type to be of
the "dual-flush" variety. It was not considered feasible to
apply this new requirement retrospectively to the millions of
existing WC pans. Apart from the logistics implicit in such a
requirement, there were doubts concerning the economics inherent
in the conversion of cisterns to dual-flush. Whilst the cost of
a new dual-flush cistern is only marginally greater than that
of its single-flush equivalent, the cost of conversion of an
existing cistern is substantial compared with the prospective
saving, ie the value of water which otherwise would be lost.

The DoE/BWC Standing Technical Committee (STCWR) has been
asked to draft the technical requirements for a new Model Water
Byelaws. This Model will take much further the matter of water
economy in WC flushing. Proposals before the STCWR include:

requirements which would permit variable-flush as an
alternative to dual-flush for WC pans of the washdown
type;

the basic requirement for a low volume single-flush WC
cistern and pan (possibly of the order of 4 to 5 litres);

extension of the requirement to all premises, domestic and
non-domestic;

a measure of retrospective application by applying the
requirements to replacements or renewals of cisterns or
pans; and

extension of requirements to WC pans of all types.

Other important areas where byelaws could further control
undue consumption include retrospectively applying controls on
filling rates to urinal flushing cisterns and the setting of low
rates of water use in domestic clothes and dishwashing machines.

Enforcement of water byelaws

There is little point in making byelaws unless they can be
enforced. But enforcement carries with it implications for
expenditure and manpower; thus it is essential to include in
byelaws only those requirements which can be justified and which
can be enforced at reasonable cost. The STCWH has been asked
to prepare a report on byelaw enforcement, giving consideration
also to manpower and training needs. The Department hopes that
the resulting report from the Committee will enable the whole
structure of byelaws and their enforcement to be overhauled in
the light of present-day needs.
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New model water byelaws

The role of the Department in preventing waste and undue
consumption of water in consumer's installations is achieved
by means of Model Water Byelaws which undertakers are encouraged
to adopt as a draft when making their own Byelaws. The present
Model was published in 1966 and is now out of date technically.
The STCWH has been asked to draft technical requirements for a
new Model. The Department intends to publish these for public
comment together with the STCWH recommendations for guidance on
interpretation and on ways in which the Byelaws might be
satisfied.

PUBLICITY FOE ECONOMY IN THE USE AND AVOIDANCE 0? WASTE
~ OF WATER

Consumers' attention should be drawn to the advantages for them
in practising water conservation within their own premises.
Publicity could be given to means of promoting water economy
by making available to designers, installers and consumers
information on measures they could take to secure savings, with
consequent benefits in overall water use. For non-metered
services, information might be made available on the extent of
savings in energy use associated with use of showers instead
of baths, by the reduction of lengths of uninsulated hot water
pipes and from timely replacement of worn washers in hot water
taps. In addition, for metered services, advice could cover
likely savings and other benefits consequent upon conversion
of WC cisterns from single-flush to dual-flush, from selective
choice based on the hot water requirements of olothes and
dish-washing machines, from installing controls of urinal
flushing operations and so on. It is suggested that the industry
should study the cost-effectiveness of publicity of the type
described.

CONCLUDING REMARKS

It is self-evident that one of the major benefits arising from
an effective campaign to reduce loss (and waste) of water arises
from the deferment of capital expenditure on provision of new
source, treatment and distribution capacity. But this can only
be achieved if sufficient manpower is continuously devoted to
work in the areas of leakage control and Byelaw inspection.
Within the financial and manpower constraints under which the
water industry operates, much of the necessary extra effort
must come from re-direction from less important or less urgent
tasks.

Whilst legislation, economic methodologies, waste detection
techniques and equipment collectively provide the framework for
the control of waste and loss of water, the success of any
policy ultimately rests on the knowledge, experience and
continued enthusiasm of the men on the ground. Each leak
located is a minor skirmish won in the war against waste but
the price is continuous, dogged and patient application by
fully trained personnel.
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In this unglamorous war, for that is what i t i s , the lead
must come from management and senior engineers. Providing they
are sufficiently determined, there is no doubt that standards
will not only improve but will he sustained. In this, the
Department will continue to support the water industry because
at the end of the day, we all serve the public at large.
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DISCUSSION

Authors' in t roduct ion

In introducing the paper, Mr Musgrave said that the in te res t of Government
in water loss was centred on the e f fec t i t had on the cost of water supplied
and on the e f f i c iency of water undertakers. Delegates had heard what
Tom King, the Min is ter , had said about th is in opening the Symposium, but
even before they had heard his remarks they would have known only too well
how keen the present Government was to take a l l measures possible to ensure
a s l i n , cost-ef fect ive industry.

To prevent any misconception, i t was necessary to say again that the
water industry had not been 'picked upon' or singled out for special
treatment in the drive to improve ef f ic iency. Government pressure to
improve performance and cost-effectiveness extended throughout the public
sector and the f inancial climate was forcing the private sector to put i t s
own house in order too. Delegates might not a l l agree with the methods
that had been employed in seeking these objectives, but they had to agree
that the goals were desirable ones at which to aim. Al l concerned within
the water industry would agree that they should play their part in this
country's economic recovery by doing a l l they could to hold water charges
as low as possible without too great an adverse ef fect upon standards of
service.

The Minister 's speech, and the paper, showed how a l l this related to
the subject matter of the Symposium. As the authors saw i t , there were no
short cuts to reducing water loss. I t was a case of f ight ing many
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skirmishes on many f ronts ; there was no single set piece batt le which, i f
won, would solve a l l the problems. They f e l t , however, that there were
perhaps two main areas of ac t i v i t y which might produce worthwhile resul ts.
These were the reduction of leakage in d is t r ibu t ion systems and the
reduction of the quantity of water used for WC f lushing. Beyond that i t
was a case of paying attention to a host of minor ways in which leakage
and wastage could be reduced.

Ministers' interest in this subject was not l i ke ly to go away. They
were f i rmly seized of the importance of the subject and had asked for
regular progress reports. Ministers' pressures on c i v i l servants were
l i ke l y to lead to pressures on the water industry. The Department had
already set in motion an i n i t i a t i v e covering most of the areas included in
the paper and Ministers had asked for a progress report.

Mr Young said that consumers' underground supply pipes had been
ident i f ied as a major source of potent ia l ly long-running leakage. Could
the problem be lessened were undertakers to have powers to supply and
lay pipework from thei r communication pipe to the consumers' house (at
the expense of the builder/consumer)? Undertakers could put in pipes
which were f i t for the purpose, with l ives compatible with the bui lding
served.

The paper emphasized the importance attached to reducing water used
in WC f lushing. The Department's long-term goal was to establish the
safe lowest l im i t of water used in a single flush - that might be as
l i t t l e as 5 or even 41. Work at the BRE would provide data upon which
decisions could be based.

In discussion on an ear l ie r paper, Mr Pepper had put up a sp i r i ted
defence of the use of the 'unaccounted for water' formula. Despite i t s
apparent shortcomings, the formula was useful for monitoring progress in
part icular areas or d i s t r i c t s from time to time. Although they supported
the concept that percentages should not be used to describe 'waste ' , the
authors admitted that i t did have attract ions and that they had used i t
in the i r paper.

Concerning the use by ins ta l le rs of good qual i ty water f i t t i n g s and
the way in which the NWC's application to the Department of Trade for a
Registered Trade Mark might assist in t h i s , the Department hoped to issue
a consultation paper in the near future about a proposal that powers
should be taken to enable Ministers to regulate which types or categories
of water f i t t i n g s should appear on the Council's l i s t of tested and
approved f i t t i n g s .

Discussion

W.F. RIDLEY (Northumbrian Water Authority) opened the discussion by
thanking the authors for the i r interest ing paper, and said he would comment
separately on the loss of water by water undertakers and on the losses due
to excessive use or waste from consumer premises, because the Report of
the Technical Working Group on Waste of Water had restr ic ted i t s e l f to
the def in i t ion of a leakage control policy as far as the consumer's stop
valve. I t had l e f t matters on the consumer's premises to be dealt with
by the Standing Technical Committee on Water Regulations.

The Technical Working Group had recommended that every water
undertaking should determine the appropriate leakage control methods and
the anticipated net benefits ar is ing from these methods and that Liaison
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Officers should report annually on progress through WRC to the NWC and to
the OoE. I t did seem, therefore, that the Minister's opening comment at
the Symposium that 'a lot of water could be saved' was bad news to those
people who hoped that things would go on as before and that no positive
action need be taken on leakage control. The Minister's statement, that
'evidence of water loss figures would be required when new resources were
being promoted' was now more meaningful than i t might have been in the
past, because the method of obtaining the evidence was detailed in
Report 26. Mr Ridley thought that the industry probably had no option

.but to proceed with a logical examination of the cost and volume of water
losses from supply systems and he expected that most members of the
Institution would, on reflection, accept this as the professional thing
to do.

He noted the authors' hopes that the manpower required to introduce
proper systems under Report 26, might be diverted from other tasks.
This would not always be easy because i t was essential for success that
the personnel employed on waste reduction were keen, qual i f ied, and
dedicated. He observed that i t was particularly encouraging therefore
that details of a middle way had been given the previous day at the
Symposium; that was the use of advance technology to assist in waste
reduction, not only for i ts own good sake, but also for the new dynamic
i t could bring to the personnel engaged in loss reduction.

Mr Ridley then dealt with the authors' comments on byelaws and noted
that the authors intended to continue to avoid specifying fitness for
purpose. He questioned whether or not this was a tenable long-term
position, insofar as successive Governments seemed to be forced into
extending consumer protection. For instance, from next Apr i l , water
authorities would be required to pay compensation to persons injuriously
affected by burst mains, even when they were not responsible for the
burst. Was i t not therefore only a matter of time before l i a b i l i t y for
faulty f i t t ings installed in 'innocent' consumers' premises had to be
rectif ied by water undertakers? This would be particularly so, i f
non-traditional methods of plumbing were permitted by byelaws.

There had been comments made during the Symposium suggesting that
the metering of domestic consumers would save waste. He noted that
there was no evidence of excessive water use by unmetered consumers,
nor that the average water consumption in Great Britain by domestic
consumers was greater than in those ci t ies in Europe where water was
metered. Because current cost accounting would now raise charges
vir tual ly in l ine with in f la t ion, he fe l t that a l l water undertakers
should continue to be very sensitive to the consumer's real wishes, and
that they should not press for compulsory metering, or worse s t i l l ,
support the imposition of retrospective byelaws to reduce consumption in
consumers' premises.

M.J. ROUSE (Water Research Centre) said that the paper provided an
excellent appreciation of the relationship between the Government and the
water u t i l i t i e s in respect to water supply losses. He had two comments
on the paper and there were two other important issues which he believed
required debate.

He started with the comments on the paper. F i rs t ly , the authors had
mentioned the importance of pressure control in relation to the availa-
b i l i t y of modern telemetry systems. He agreed that the modern communication
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systems did allow much more effective control of pressures but he would
also stress that control of pressure by individual PRVs could be very
effective and i t would be wrong not to adopt pressure control in areas
where telemetry was not envisaged. Results produced from pressure
control exercises using PRVs could be equivalent to those being realised
with telemetry-based control. Secondly, the authors had said that i t
was not the responsibility of the Government to prescribe the standards
of plumbing f i t t ings and equipment. Who then should be responsible
for protecting the consumer against the installation of f i t t ings which
were going to create problems in the house?

He then turned to the two important issues involving Government which
were not included in the paper. The f i r s t one was the c i v i l l i a b i l i t y of
statutory water undertakers for escapes of water (this was Clause 6 of the
1981 Water Act) which made the water u t i l i t i e s l iable for any damage or
loss resulting from the escape of water from the distribution system.
This must be a very important issue in relation to water main maintenance
policy and to the amount of money and effort which should be applied to
i t . The second important issue which he believed ought to be mentioned
was the recently published White Paper in relation to the use of heavier
lorries on the roads in this country following the Armitage Report. I t
was clear that very l i t t l e was known about the effects of t ra f f ic loading
on underground services especially in respect to the dynamic effects of
different numbers of axles and the effect of such impact loading on
deteriorating roads. He believed that far more work needed to be done
in understanding t ra f f ic loading before the decision was taken to risk
creating a high increase in the maintenance costs of underground services.
The water industry should regard this issue as being very important,
particularly when considered in conjunction with the c iv i l l i a b i l i t y issue.

G.L. DAVIES (Southern Water Authority) said that his presence at the
Symposium was an example of the change of attitude towards waste control
now sweeping the water industry. Ten years ago he was building a dam
but today the management of waste control was among his duties. The
economic criterion for sound waste control had been clearly stated, namely
that i t was worth spending more on waste control i f the cost was less than
the value of water saved. I t a l l seemed beautifully pure and simple but
unfortunately, this was not so because of the uncertain returns from
waste control. Two factors distinguished waste control from other
conventional source works as potential resources. Waste control was
unpredictable in effect and required persistent ef for t . Proper monitoring,
performance appraisal, and review were essential, which incidentally added
to the cost, and targets should be amended in the l ight of experience.

This was the approach in his own authority where Waste Reduction
Programmes tailored to the circumstances of each water division had been
developed. One factor which he had found was that although waste control
might be economically viable, there was a financial d i f f icu l ty in that the
heavy cost of the repair backlog in the early years preceded the reductions
in operating costs. In view of the Government's requirement for water
authorities to demonstrate that a l l reasonable and economic measures for
waste control were being vigorously pursued, he asked whether the Government
would be prepared to relax revenue expenditure controls to allow for the
cost of the repair backlog. In addition, he asked whether the Government
would be understanding in applying manpower l imits when water authorities,
having cut their manpower and redeployed others, required limited additional
staff for proper leakage control.
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G.S. MILLION (Thames Water Authority) gave an example of the cost to the
consumer of cont ro l l ing waste on his premises. He had paid 121 to repair
a defective ball valve which was leaking, by his estimate, 801/day or
30m3/year. Was the repair economic? , Water was sold to metered customers
in the Thames WA region at about 17p/m but when i t came to expenditure on
waste contro l , where they were'essential ly buying water, water authori t ies
seemed reluctant to value the water lost at much more than the operating
cost - less than 2p/n» in Thames' case. Even when the capital casts (of
works deferred) were included, bringing the value to about 6p/ra ,
Mr Mi l l i on 's repair was scarcely cheaper than the al ternat ive of le t t ing
the water run to waste for ever. He hoped that water undertakings would
spent as much on waste control on the i r own apparatus as they required
their customers to spend on the i rs .

S. ALDRIDGE (Severn-Trent Water Authority) expressed his concern that a l l
the problems of those engaged in tackl ing the problem of water losses were
being frustrated by the f inancial regime under which the water authori t ies
now had to work. The new f inancial framework imposed by Government did
not help in the economic al location of resources, in fact i t discriminated
against increases in revenue expenditure and favoured capital solutions.
He referred to the impact of performance aims and the ef fect of the
recently introduced current cost accounting principles adopted to determine
income requirements by water author i t ies. Since they had been introduced,
performance aims had been expressed in unit costs for operating expenditure
only, comprising labour and other costs. The achievement of performance
aims required these unit costs to be reduced in real terms over a period of
three years. Consequently, enormous pressure had been created to reduce
manpower and other operating costs, the same costs which were required to
improve leakage cont ro l . Until the costs of capital were included in
performance aims, th is discriminatory pressure would inevitably continue
and Mr Aldridge asked Mr Musgrave and the Department of the Environment
to consider ways in which th is anomaly could be corrected as quickly as
possible.

Regarding the new current cost accounting regime, the income
requirements of the water author i t ies were now determined in a way which
produced no real impact on charges from new capital expenditure. This
was a feature which mi l i ta ted against leakage detection by operational
act ion, as the impact on income requirements, and hence charges, of solving
leakage problems by capital expenditure was minimal. The increased
operating costs required to avoid or defer the capital expenditure would be
added d i rec t ly to the income requirement and make the achievement of
performance aims more d i f f i c u l t . The ef fect ive subst i tut ion of a
f inancial target percentage of l i % in place of the interest charges on
cap i ta l , which previously had to be found from charges, was not creating
the r ight d isc ip l ine and in Mr Aldridge's view, should therefore be
reviewed by the DoE.
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A.A. REDHEAD (Anglian Water Authority) thanked the authors for the i r paper
and went on to echo the view that there seemed to be a lack of factual
information relat ing to the present leakage levels throughout the country.
In an attempt to rec t i f y th is matter the Anglian Water Authority had set
about a programme of reservoir/water tower drop tests to reveal the true
leakage levels. The leakage in the Norwich Water Division was 4.91 per
property per hour when taken as a property weighted average over the whole
Division.

In evaluating the marginal costs, and hence the cost of leakage, the
capital deferment costs had been ignored in a f i r s t stage approach to the
problem. The cost of th is level of leakage to the Division was £176,000
per annum and represents a cost of £1 per property per annum.

He concluded by suggesting that the success of the Symposium should
be judged by the a b i l i t y of those present to go out into the f i e l d and
get to grips with the problem of leakage.

J. CLAXTON-SMITH (Yorkshire Water Authority) in a wr i t ten contribution
referred to the authors' statement (p8.6) that ' rel iance for reducing loss
of water must pr imari ly be placed on making and enforcing water byelaws
for the prevention of waste and undue consumption1. In re lat ion to this
area beyond the stop valves would the authors care to state what water
usage occurred. Did they have to rely on data from Istanbul and Egyptian
villages? Of this usage would the authors care to be a l i t t l e b i t more
forthcoming as to what they mean by undue consumption, with par t icu lar
reference to subjective nature of the description 'undue'.

He had been surprised in l is tening to the papers and discussions that
only one person had indicated that an end route for the water leakage they
had been discussing, was that of the water authori ty sewers. Would the
authors care to comment on the i r perception of the implications of the
water authorit ies cycling water from their mains to the i r sewers and the i r
sewage treatment plants?

Authors' reply

The authors, in response to Mr Ridley's reference to the Minister 's remarks
on the need for evidence of water loss to be available when new resources
were being promoted in future, said that ascertaining and evaluating water
losses (or as they preferred i t , establishing the transmission ef f ic iency)
was, af ter a l l , only good-housekeeping. I t was only common sense to
prepare sound cases for new resources and to be able to demonstrate that
a l l reasonable measures had been taken in good time to postpone the need
for expensive new works.

Manpower devoted to evaluation of leakage and waste of water needed to
be suf f ic ient in number but more importantly, to be dedicated men. They
needed to see that thei r ef for ts were appreciated by management, i t was
essential that this work should not be categorized in the mind of s ta f f as
a repository for men who no-one else wanted. The continued development
of advanced technology to assist the location of leaks was essent ial .
The rewards to designers/manufacturers should be such as would promote
this work.
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Mr Ridley had asked whether i t would be only a matter of time before
l i ab i l i t y for faulty f i t t ings installed on 'innocent' consumers' premises
had to be rect i f ied by undertakers. That was an interesting question
bound up in part with safety and in other respects with damage to property.
I f and when safe operation of domestic plumbing installations merited
control by regulation of the act ivi t ies of designers/installers, provision
existed in the Health and Safety at Work etc. Act 1974 Part I I I .
Responsibility for damage to property caused by the failure to instal l
suitable f i t t i ngs , or to maintain them, lay with builders and owners.
Public opinion had not reached the stage where regulations prescribing
performance, l i f e expectancy, and so on were l ikely to be demanded, with
the concomitant acceptance of probably significantly increased costs for
consumers and others in business (such as designers, builders, and
plumbers). However, the water industry almost certainly had a common law
duty i f not a moral one towards i ts customers. Thus, fu l l information
on the quality of water (particularly i ts corrosivity in relation to
certain materials) needed to be available to the public. Any change
brought about by undertakers in water quality put into supply .carried
with i t l i a b i l i t y and obligations. These could not be avoided simply
by creating criminal offences ( i .e . byelaw prohibitions).

Mr Ridley was right to point to the uncertainties which at present
surrounded the relationship between domestic water use and metering.
The Department would want to see much clearer evidence on the l ikely
reductions in water use before recommending compulsory metering as a
cost-effective form of demand management. Similarly an important
principle underlying the Department's approach to byelaws was that any
change should be supported by evidence of cost-effectiveness. In that
way the consumers' interests could be taken into account in both byelaws
and metering. The role of current cost accounting was to act as a f i r s t
step in confronting consumers with the real costs of water services and
thereby to enable consumers charged by measure to begin correctly and
directly to communicate their real wishes.

Mr Rouse had asked who should be responsible for protecting the
consumer against f i t t ings l ike ly to create problems in the home. Questions
of regulations concerning safety had been dealt with in the reponse to
Mr Ridley's contribution. I t was worthwhile quoting the words of
Mr Finsberg, Under Secretary of State for the Environment, in a House of
Commons debate on 'Plumbing' on 10 April 1981. He had said:

Finally, we should not forget why, despite a l l the adverse
publ ici ty, people are s t i l l prepared to employ cowboy firms.
The reason, quite simply, is money. The cowboys offer
cheap prices, in return for which they use inferior material
and produce a dubious standard of workmanship. The customer
has a clear choice. He may go to a reputable plumber -
perhaps one registered with the Institute of Plumbing - who
wi l l charge him a fa i r price for the work done, or he may
prefer to take the risk of employing a cowboy, whose work
may be substandard. I f he takes that risk he may regret
such a decision, which, for the sake of a few pounds, may
rebound on him later.
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Concerning the c i v i l l i a b i l i t y of undertakers for escapes of water from
their distribution systems, i t should not be forgotten that water authorities
acted, in effect, for each and every member of the public; a l l costs and
benefits of their operations fe l l to the public. There was no reason why
the new law should affect in any way the eff ic ient operation of competently
managed systems. Under Section 6 of the Water Act 1981 (which, incidentally,
came into force on 1 April 1982) water undertakers in England and Wales were
liable in most cases where damage was caused by escapes of water from mains
or communication pipes. I t was, however, doubtful whether this would turn
out to be as important an issue in relation to water mains maintenance policy
and expenditure as Mr Rouse had suggested. The fact was that, given the
usual location of water mains, most damage from bursts was l ikely to be
caused to streets and, to a lesser extent, to the gardens of houses abutting
them. I t was, therefore, undertakers' equipment buried in streets (e.g.
gas and electr ic i ty installations) and the fabric of the streets themselves
which was most l ike ly to suffer damage, and in these cases, l i a b i l i t y would
continue to be governed by the Public Ut i l i t ies Street Works Act 1950.
The cost to undertakers of Section 6 could not be predicted with any
precision at this stage. The industry had suggested i t might be of the
order of £8-10 mill ion per year for England and Wales; the Department's
view was that i t was unlikely that the new provisions would have a major
impact on individual undertakers' water mains maintenance policy.

The cost of maintaining underground services depended on a number of
inter-related factors of which distributed t ra f f ic loading was only one.
Other important considerations were the effect of excavations for adjacent
services, weather conditions (especially low temperatures), and the age
and condition of the particular underground services.

Although Mr Rouse was right to raise the question of the effect of
increased t ra f f i c loading, i t was known that such effects were mainly
dependent on axle loading rather than vehicle weight. The proposals
in the White Paper would increase axle loading by only 3% above current
levels and therefore the effect on underground services was unlikely to be
great. The authors agreed that more work needed to be done on the overall
effect of dynamic t ra f f i c loading on highway pavements and the underlying
buried services in order that such imposed maintenance costs could be
properly allocated to those road users responsible.

Mr Davies seemed to be asking whether DoE, in setting performance aims,
would take into account the extra operating costs involved in undertaking
leakage control. The future form of performance aims would be discussed
with the industry but on the whole, the answer was 'yes' , provided that
the waste control policy had been adequately appraised. I t was surprising
that Mr Davies should emphasize the delay between incurring repair costs
and obtaining operating cost savings. Examples in the jo in t DoE/NWC
report on Leakage Control Policy and Practice (and elsewhere) suggested that
the payback period in terms of operating cost savings was only a year or so.

On the question of manpower, the Department did not apply manpower
limits as such, although i t was encouraging authorities to reduce manning
levels and monitoring their progress in this. I t was up to individual
authorities to state their pr ior i t ies for manpower deployment, though
there was clearly a case for additional staff in cost-saving areas such
as leakage control (as the Monopolies and Mergers Commission had recommended
in i ts report on Severn-Trent) provided that downward trends in overall
numbers were maintained.
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Mr Million had put his finger on a most interesting point in contrasting
the cost incurred in maintaining plumbing systems in good repair, with the
benefits derived by the person paying for the work to be carried out. In
other parts of the world, the decision whether or not to repair a f i t t ing x

was left to the metered consumer who balanced cost of repair against cost
of water wasted; a charge based on realistic marginal costs soon pursuaded
consumers to take action. But in a society where the marginal cost was
zero, legislation was needed to 'persuade' owners/occupiers to keep their
plumbing in a good state of repair. They had this legislation in this
country but undertakers were understandably reluctant to prosecute:
fines up to £400 were possible. There was no doubt that high charges
were often incurred by the public for the repair of tap washers and
float-operated valves. That could not be avoided when the justif iable
cost of a plumber simply turning out to v is i t a house could be at least
£15. That situation did not apply everywhere; some undertakers offered
a free or subsidised service.

Mr Aldridge had questioned the principle of setting performance aims
based only on operating costs. That, he claimed, distorted decisions
on the choice between capital and current spending. That was a question
to be considered for the future of performance aims, which would be
discussed with the industry. There were other controls on capital
expenditure, for example, through capital allocations, and there was a
problem in finding costs related to the actual use of capital; depreciation
over standard lives did not so relate. Adequate investment appraisal could
be seen as the counterpart control for capital spending of performance aims
in revenue expenditure. Regarding financial targets, the Department
accepted that the system of financial targets at present in operation
(until 1983/4) did not apply a correct financial discipline on new capital
expenditure. That was a complex question which the Department would
shortly be discussing in detail with the water industry; i t was to be
hoped that Mr Aldridge's constructive approach would be supported by the
industry as a whole. In the meantime the industry would be well advised
to be guided by the economic methodology underlying the NWC's Report No 26
rather than by the current financial incentives.

The authors thanked Mr. Redhead for his account of the way Anglian Water
Authority had established current leakage levels. He had reported a leakage
level of 41/property/h, average over his Division. The authors were tempted
to compare this figure with the notional average net supply to dwellings - say
three persons at 1101/day. For a total of 3301 supplied, using Mr. Redhead's
figure, <f times 2k or 96 l i t res had been lost in supply; conclusion, his
leakage was 22%'. The only safe conclusion to be drawn was that there appeared
to be scope for improvement, possibly to reach an eventual target level of
2.51/property/h, i .e. a leakage rate of about 12% However, each case should
be considered on i t s merits.

Mr Claxton-Smith had asked the authors to state what water usage
occurred beyond the (undertakers) stopvalves. In the absence of universal
metering, they had to rely on data produced by others from f ield studies
and assessments, which could be l i t t l e more than guesstimates. The Working
Group on Waste of Water had suggested that average domestic water use lay
between 110 and 1301/person/day. So much depended upon the size of the
family unit, the fac i l i t ies available, and the l i fe-sty le; garden watering
could exert significant effects on generalized statist ics. However, the
object behind the authors' statement on the making and enforcement of byelaws
was to emphasize that there were ways in which water economy could be
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improved, for example, a requirement for 61 WC cisterns in place of 91
cisterns.

The authors would not wish to hazard a guess regarding the proportion
of sewer in f i l t ra t ion which was derived from mains leakage. Sewer
in f i l t ra t ion might be likened to the problem of mains leakage in that both
were undesirable in principle. But there were economic l imits below which
true water-tightness was unjustif iable.
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SUMMING UP

J.L . VAN DER POST (Chief Execut ive, Water Research Centre) said t ha t h is
l a s t i n g impression of the Symposium was a c o l l e c t i o n o f people a l l deciding
" I t ' s a l l been sa id a l ready" . Much the same ground was covered by the
Symposium of 1974.

Mr Pocock had drawn a t t en t i on to papers publ ished i n 1892 and, to what
he recognized as, a t h i r t y year cycle in the apparent importance o f water
losses. Mr van der Post said t ha t he had been asked dur ing the conference,
did he th ink they were moving in the r i g h t d i r e c t i o n . We l l , were they
moving at a l l ? While many speakers had ind ica ted tha t there had not been
a l l t ha t much change, the papers d id show some important new departures.

I t was a p i t y tha t the Symposium d id not review the NWC/D°E Report 26
'Leakage Control Po l icy i n Prac t i ce ' which was publ ished a year ago. A l l
the B r i t i s h authors , except one, mentioned the r e p o r t , so a summary o f the
recommendations and some discussion of t h e i r implementation would have been
h e l p f u l ; above a l l , a review of those arrangements which were being made
to implement the recommendations, and a review o f progress, would have been
extremely i n t e r e s t i n g . He doubted whether any fu tu re seminar on t h i s
subject w i l l maintain tha t i t had a l l been said before.

The papers, by Mr Saxton and Dr. Rees put the problem i n
perspect ive. Each in t h e i r own way showed tha t water losses were only
part o f the problem which must be considered. Mr Saxton had given the
engineer 's view tha t water losses were only par t o f the spectrum: one must
consider losses from pumping, other energy losses, and unnecessary consumption;
and together w i th other speakers he had pointed out how important i t was to
avoid unnecessary expenditure of a l l s o r t s . Dr. Rees had taken an
economist's po in t o f view and expressed i t more f o r c e f u l l y ; she was concerned
wi th the loss of money. Together they had emphasized t ha t what they should
be worr ied about was the optimum use of resources. One lesser po in t i n
Mr Saxton1s paper deserved more comment. I t had also been mentioned by
Mr Rofe in the d iscuss ion. This was the e f f e c t o f a f f o r e s t a t i o n on upland
catchments; t rees reduced the amount o f water f low ing i n t o the r e s e r v o i r s .
As Mr Rofe had s a i d , they must have t r ees . Whether i t was economic to have
them i n th i s l oca t ion was perhaps unce r ta in ; but a t some fu tu re da te , the
marginal cost o f trees would have to be compared w i th the marginal cost o f
water in the rese rvo i r . However, the s c i e n t i f i c evidence was not a l l t h a t
conclusive. Measurements i n the catchments ind ica ted t h a t there was some
reduction in run o f f . However, he thought i t was now accepted t h a t there
was rather more uncer ta in ty i n the resu l t s than was o r i g i n a l l y thought ; and
resu l ts i n other catchments might give d i f f e r e n t answers. He was a l l f o r
t rees , and he was a l l f o r water, ' but f o r reasons which he would b r ing out
at the end of t h i s summing up, not a t a l l keen on increas ing the amount o f
cross-charging between publ ic serv ices . There were cases where cross-
charging had had a depressing e f f e c t on decis ion making, p a r t i c u l a r l y i n the
distribution activities of the nationalized industries.

Mr Field and Dr Spencer had brought home the dif f icult ies of a simple
formula for unaccounted for water. The problems were complex and the
uncertainties very much greater than one might expect at f i r s t . This paper
highlighted the diff icult ies of using the formula and implied some important
lessons when thinking for the future. They could use the calculations not
only to find out how uncertain they were, but they could know that uncertainty
to six places of decimals.
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In Mr Pocock's paper there were two really important points which
should be emphasized again and again. The f i r s t was the perceived view
of the costs (Ip per cubic metre to 17p per cubic metre). People
responsible for controll ing leakage might only see a part of the financial
structure. They saw the cost of pumping, not the cost of repairs, i .e.
they only saw the costs of their own operations. I t was only when the
problems reached such a level that the effects reach higher management,
that any action was taken; and this was the reason for the th i r ty year
cycle. His second point was made by Fig. 3 which showed the age of water
mains. I t was clear that the average age of water mains was increasing
in spite of a l l the new investment; and these assets were being used long
after the end of their depreciated l i f e . This was causing considerable
concern.

There was also one point in Mr Pocock's paper which he didn't accept.
There was no int r ins ic connection between pressure control and storage,
except that different types and location of storage required different
control and pressures. They should not reject pressure control just
because they had a particular storage problem. There was a form of
pressure control to f i t i t . The gas industry had shown that demand
activated governing would work where there was l i t t l e or no storage
capacity downstream of the governor.

That point brought him to the paper by Mr Howarth and Mr Olner where
there was a f i r s t class exposition of pressure control. They had taken
advantage of telemetry, but the system could be worked in other ways, i f
necessary. Their figure of reduction in average daily demand of between
5 and 10% was the most convincing case for pressure control: additional
benefits were the reduced numbers of bursts and hence maintenance. He
hoped that before too long Wessex WA would publish an economic appraisal
of the whole operation. The paper also described the use of the correlator
which was a signif icant advance.

I t was refreshing at this point to have the paper by Mr Ingham which
reminded them that the reason for their existence was that their customers
needed water. The emphasis on the advantages to the consumer of going in
for the best procedures was salutary and was an i l lust rat ion of how small
organizations could pioneer things quickly in ways which might be d i f f i cu l t
for larger undertakings.

The paper by I r Dirickx and I r Depamelaere gave a fascinating view of
how these problems were dealt with overseas. One of the most important
functions of the Inst i tut ion was to keep the industry looking outward.
Contact and jo in t act iv i t ies with Undertakings overseas had a most important
part to play. The paper had a particular interest for those who looked for
the effect, or rather the non-effect of ta r i f f s on leakage, and gave a
delightful description of the up-to-date practice on the Continent.

Dr. Rees' paper was a l ively discussion about the optimum use
of resources. In the complex community they lived in , recourse to this
argument was perhaps the water undertakings' most useful tool for maintaining
their position. The paper recognized that undertakings had to l ive in a
world which was not wholly logical , and beset by pol i t ical and public
pressures. Dr. Rees had held up a mirror in which they could see
themselves. I f they did not l ike the ref lect ion, perhaps they should do
something about i t . Water Authority speakers showed plainly that they had
sound arguments about the further construction of reservoirs, and inter-
Authority transfers were sometimes rather less than optimum. One could
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wish that one point had been made more forcibly. One could not leave a
transfer pipeline unused. Whereas oi l and gas could be stored in pipelines,
surface water could only be stored on the surface, or i t s quality deteriorates.
But Dr. Rees' argument was not for any particular practice but for an
economic examination of the alternatives before making decisions. She had
also commented that engineers were biased towards large construction works
rather than maintenance act iv i t ies . This was an important point and he
would deal with i t again later.

One of the most pertinent comments had come from Mr Buky of the World
Bank. He reminded that while they are discussing the optimization of an
ample supply of water and luxurious sanitation the majority of the world
had l i t t l e of either; that a tremendous part of the resources of Third
World countries was often t ied up in collecting water, or wasted by disease
from inadequate sanitation. This was a concerted argument for the optimum
use of resources by water undertakers in Britain. Their major exportable
resource was s k i l l , and expertise. I f they could run their undertakings
expertly and economically then they had more expertise available which could
be used in the Third World. He hoped the economists would agree that this
was an optimum thing to do.

The paper by Mr Musgrave and Mr Young gave 'Big Brother's' view. I t
showed the confl icting pressures on those who made regulations. I t was
immensely encouraging that they should put forward the use of the procedures
in Report 26. I t was disappointing that the water industry was not in a
position to give a sensible report on the progress made in implementing them.

Mr van dcr Post then summarized the important points which had arisen,
as follows:

1) There was a procedure available for the economic control of
losses. I t would indicate quite clearly when action should
be taken on leakage and what economic benefits would accrue;
and also under what conditions there would be no benefits.
In these circumstances, there was no longer any excuse for
not implementing a proper leakage control policy - and
ignoring the issue was not a policy. Discussions of the
problem should be more concerned with how much progress had
been made. Hopefully, in a few years time the Insti tut ion
would hold another such seminar at which they could look
back on some years of significant progress and some
substantial financial benefits.

2) The industry should stop i ts continual discussion around
leakage control and get on with implementing the recommend-
ations contained in report 26. The directors of operations
of water authorities and DoE had already recognized the need
for this and as a rnsult had set up a Committee of Liaison
Officers to report on the implementation of report 26.

3) Report 26 was the f i r s t and only report on leakage control
which was acceptable to both engineers and economists.

4) Distr ict metering had been shown to be a cost effective
method of leakage control in most UK distribution systems
and WRC were currently investigating ways of improving the
technique and developing a performance specification for
d is t r ic t meters. The cost and effectiveness of l inking
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a metering system with telemetry was also being investigated.

5) The leak noise correlator had proved to be a successful tool
for location. To date 75 instruments had been sold and
nearly a l l purchasers were getting consistent results.

Finally, he injected a view of his own. The image which engineers had
of themselves was a l l important. Dr. Rees had suggested, not without
just i f icat ion, that while a plaque could be put up commemorating the
construction of a water works, or of a reservoir, there were no prizes for
completing even several thousand holes in the road. Unfortunately this
syndrome was not confined to just the engineers in the industry or even
to their industry. I t affected in some way or another al l those who sat
on Committees, or Authorities, or Beards, or Councils.

How could they get out of this trap? Mr Pocock had showed clearly how
easy i t was for operations engineers to see only part of the cost. The
same was true of their counterparts in other industries. Arguments about
l i ab i l i t i es for costs between u t i l i t i es and highway authorities had
sometimes been used as a convenient hedge and sometimes as a reason for
getting round budget restrictions. They always led to delays. They did
not raise the sights of distribution engineers. Did they improve the
service? I t was v i ta l that engineers should know not just their own
operating costs but the fu l l picture of their undertaking's act ivi t ies and
then perhaps there would be a prize for f i l l i n g in a hole in the road.

Another reason why leakage needed to be taken seriously was that thirty
year cycles were too long for the complexities of the 1980s and 90s. As
noted earl ier, water mains were ageing; water undertakings are coming under
increasing pressure from the Government and other u t i l i t i es to keep them in
better order. The Water Act of 1979 conferred absolute l i ab i l i t y on
undertakings for dealing with water mains and i ts enforcement for April 1982
would-be a most serious matter. There would have to be very much better
attention to leakage.

Finally, there was a suspicion, so far i t was no more than a suspicion,
that the l i f e of water-pipes laid since the war might be significantly
shorter than that of pre-war pipes. In that case, they would find a l l
their water pipes were wearing out together in a very few years. This
might not happen but as long as there was any r isk, i t was another compelling
reason why they must have the means of controlling leakage, not only as a
possible operation in their repertoire but as a wel1-rehearsed and currently-
operating part of their everyday function.
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