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1. INTRODUCTION

(1)

It is claimed that the provision of cold water storage in domestic water

supplies produces four benefits, as follows:

(a) provision against interruptions of the supply caused by
repairs to the main, etc;

(b) good protection against back siphonage risks;

(c) reduction of the maximum demand rate on the mains;

(d) limitation of the pressure on the distributing pipes and
fittings connected thereto, reducing noise and waste of
water and enabling lighter and therefore cheaper piping

to be used.

The purpose of this study was to investigate (c), that is, to determine
whether the presence of individual domestic storage has any effect on the peak demand
rate for a large group of consumers, and, in doing so, to answer the following

questions:

(1) would a change to a European type all-pressure plumbing
system produce increased peak demand rates ?
(11) could better use be made of individual domestic storage to

reduce peak demand rates ?

No attempt was made to determine whether the type of plumbing system affects

the total quantity of water used by individual households.



_ o

é ~UK AND. EUROPEAN PLUMBING SYSTEMS'
There are two basic types of plumblng system used in- the UK. The‘y are often
referred to by the plumblng trade as'’“the South of England system and ‘the North of

England system respectlvely, although there is’ no strlct geograph1cal d1v1d1ng 11ne

) P PED WAT ER

for the1r use.

- 0 ['Mdin —— ., S
. | Hot . _‘___v_- . o SR

Cold — —

KITCHEN o :
Only cold tap in kitchen supplied from the
main. “Protection against back siphonage
from all outlets except cold kitchen tap.
System will continue to function -during

DISTRIBUTION mains failure.
MAIN :

Flg 1. . Slouth of England plumbing system

In the South: of England systeml(Fig 1) all the water used w1th1n the ‘house
goes through the storage ‘tank, except for the cold supply to the k1tchen which is
taken dlrectly,from the main. In the North of England system (Flg. 2) all oold taps
and the W.C. are supplied directly from the main and only the hot water system is
supplied from the storage tank. In general terms, the South of England system has"- a
stored volume of about 230 litres (50 .gallons) and the North of England system 115
11tre§ (25 gallons).



PIPED WATER

ST T T
| Main
| Hot ———
:Cdd————
I

KITCHEN
All cold water supplied from the main.
Protection against back siphonage from
hot water outlets only. W.C. can be flushed
once during mains failure.
DISTRIBUTION
MAIN

O

Fig. 2. North of England plumbing system

For the purpose of this study, a European all-pressure system was assumed to
have all outlets (hot, cold and W.C.) supplied directly from the main and to have a
W.C. flush cistern rather than a W.C. flush valve. The system is shown diagramma-

tically in Fig. 3.

It was also assumed that the European system would provide the same quantity
and flow rate at each outlet within a house, as the storage systems. This is
equivalent to saying that a change of plumbing system does not affect the way in
which a consumer uses water, that is, the consumer uses water at the same rates and

at the same time with all three systems.



KITCHEN
s S

L 1 — — _

WATER [~
HEATER

All water is supplied directly
from the main. Protection

NON-RETURN against back siphonage is by
VALVE means of a non-return valve,
DISTRIBUTION NOTE: A W. C. flush cistern

MAIN has been used rather

than a flush valve.

Fig. 3. Diagrammatic representation of a European plumbing system

Provided that the pressure within the distribution system is sufficient to
supply the demands, its actual value does not enter into demand calculations.

'Sufficient' in this case, means a head of water equal to:

the height of highest outlet above the head-loss along the service

. + . .
the main pipe at the required flow rate

If the pressure falls below this value, then the flow rate at the outlets will
be reduced and the systems are no longer comparable. At this point failure is said
to have occurred since the consumer can no longer obtain the flow he desires. A
pressurised system does not necessarily require a2 high pressure to work satisfactorily.
Consequently in practice, the diameter of the service pipe supplying the European

system may need to be larger than 15 mm to prevent premature failure of the system.

In most instances, as the pressure is gradually reduced, failure of the
European system will occur before failure of the storage system and it may not be
possible to design an effective pressurised system for use in an area of low and

fluctuating pressure.



3. METHOD OF ANALYSIS

If the demand rate, duration and starting time of every water use were known
for each consumer, the corresponding flow rates through the service pipe could be
calculated for a particular plumbing system. These individual flow rates could then
be summed to produce the flow pattern for a group of consumers. Total demand for a
group of consumers can be said to depend upon two factors, the individual rates of
flow of water through the service pipe and the diversity of use. The diversity of
use, or diversity factor as it is often called, takes account of the fact that
different numbers of people are using water at different times of day. As no
satisfactory statistical model of this diversity has yet been developed, it was
decided to calculate the diversity for each of the study areas and to use this for

predicting the effects of changing the plumbing system.

The method used for the analysis was to assume the same water use sequence for
all consumers. and then to calculate the corresponding individual flow pattern through
the service pipe, taking into account the existing plumbing system. Using this
individual flow pattern and a measured flow pattern for a group of consumers, the
number of consumers starting to use water at a particular time was calculated. The
individual flow pattern was then changed, corresponding to a change of plumbing
system, and the new patterns were combined using the starting times previously
calculated. The resultant is a predicted group demand pattern corresponding to the

new plumbing system.



e, . 4] DATA COLLECTION

Data were collected for the flow rates 1nto three areas of domestic consumers.
The areas chosen were .existing waste meter areas that could remain isolated dur1ng
the day without serlously reducing the pressures in-any part of the network. The -
flow measurements were made with waste-water meters installed in the single main
which supplféd each area, and were recdrded-over»a‘two—week period. Measurements -
were also made of . flow rates .into some 1nd1v1dua1 houses and from various types of
outlet These measurements were’ used in conjunction with the data publ1shed by
Webster(z) to.determlne a typ1cal 1nd1v1dual use sequence.. Measurements were also
made of the maximum draw-down level of domestrc storage tanks over a four—week

fperiodJ



5. ANALYSIS OF DATA

The flow data collected from the three study areas were in the form of traces
on charts with each chart covering a 24-hour period. The charts showed that the
rate of flow into each area started to rise at about 05.00 h and had reached a peak
by 09.00 h. The flow then reduced for the rest of the day but produced secondary
peaks around midday and in the evening. (A typical flow pattern for a day is shown
in Fig. 7(a), page 12.) It is possible to consider the flow pattern as being made
up of two components. The first consists of an overall flow rate which changes
slowly with respect to time and is the major component of the flow at any instant.
The second is a higher frequency component of random amplitude within a band of

+ 0.5 litres/sec.

Readings were taken from the charts at 10-mm intervals, corresponding to 15

minutes, and put on to punched cards suitable for subsequent analysis by computer.

Analysis of the data collected showed that the peak flow rate occurred between
08.00 and 09.00 h on weekdays but occurred during late morning, lunch time or early
evening at week—ends. In all three areas, the largest daily quantity of water was
used on Sundays and the smallest quantity on Thursdays. The time at which the week-
day peaks occurred could vary by as much as three—quarters of an hour between one day
and the next, and on some days two peaks, of equal height, were measured. Typical

results are shown in Table 1.

The measurements of domestic storage tank levels showed that on average the
tanks were not drawn down more than 30 mm unless the bath was used; in such cases
the level fell by about 100 mm. The maximum drop in level recorded was 280 mm. This
was measured in a house with two bathrooms which are often in simultaneous use. The

surface area of all the tanks measured was 0.54 m2 (6 ft2).

The rates of flow into individual houses showed a regular use pattern in the
morning on weekdays, but were much more varied at other times of the day and at

week-ends.



Table 1. Measurement of flow

Quantity ' Peak flow rate Peak to average
(litre) ’ ‘ (litre/sec) ratio
!

Area No. |
/Monday . 169 644 4.60 2.23
Tuesday 168 800 4.50 2.20
Wednesday 165 424 4.70 2.34
Thursday 162 892 4,55 2.30
Friday 177 662 4.60 2,14
Saturday | 198 762 . 4,90 2.03
Sunday 209 734 5.40 2.12

Area No. 2
Monday . 252 800 4.90 1.67
Tuesday 237 000 4.90 1.79
Wednesday 236 210 4,80 1.76
Thursday : 230 680 4.61 1.72
Friday 232 260 4.50 v 1.67
Saturday 240 950 4.90 1.75
Sunday 269 390 5.00 1.60

Area No. 3
Monday . . 256 533 6.06 . 2.04
Tuesday . 244 650 6.01 2.12
Wednesday 256 533 5.55 1.87
Thursday 232 767 6.06 2.25
Friday 248 844 6.06 2.10
Saturday 252 339 6.06 2.07
6.69 2.26

Sunday 262 824



6. SIMULATION OF PEAK DEMAND PERIOD

With a South of England plumbing system it is impossible to produce a flow
through the service pipe of high rate and short duration. The randon fluctuations
in flow rate measured for the groups of consumers must, therefore, have been
produced by water uses made at the kitchen tap. Similarly, it can be argued that
the gradually changing flow into each area is largely produced by the demand for

water taken through the storage tank.

For the purpose of this study, it was assumed that all individuals had the
same water-using sequence after getting up in the morning. The sequence used is
shown in Fig. 4 and consists of flushing the toilet, washing, and then cleaning
teeth. It was also assumed that a use was made from the kitchen tap at some time

before 09.00 h.

The flow pattern corresponding to this sequence of use with a South of
England plumbing system was calculated and is shown in Fig. 5. For the calculation
it was assumed that the storage tank and W.C. were both fitted with Portsmouth type
ball valves to B.S.I212(3). The flow characteristic for such a valve(é) is shown in
Fig. 6. It can be seen that once the tank level has drawn down by about 40 mm the
ball-valve is fully open and any further drop in level does not result in a higher

inflow rate.

The rate of flow of water into each study area started to increase at 05.00 h
and it was assumed that all users were out of bed by 09.00 h. This period 05.00 to
09.00 h was assumed to represent the peak period, and for the analysis was divided
into 10-second periods. The flow rate for each period was calculated from the
measurements made at 15-minute intervals, assuming a linear relationship between
readings. The individual flow pattern was similarly divided into 10-second periods.

It was assumed that the flow rate was constant within any 10-second period.

The number of consumers starting to use water in each 10-second period was

calculated as follows:

f QI’ Q2, Q3 e Qi represents the measured flow rate for the group of
consumers in each 10-second period i, and Qps Ggs g =ne qj represents
the calculated flow rate for an individual consumer in each 10-second

period j, and Ni represents the number of people starting to use water

in each period i, we have:

Q= Nyg
Q = Nja, +Nq
Q; = Nypa3*+ N, qy+Nyq y
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Fig. 5. Calculated flow through service pipe for South of England plumbing system using the demand sequence shown in Fig. 4.

"~ TIME BETWEEN: s
0500 HRS AND 0900HRS
"CLEAN TEETH KITCHEN ™ o
) ! 1 - Y o T— -7 — Ji
0 00 B0 A0 B0 N0 FO L0 ff
= | “TIME . (sec) ) L
Fig. 4. Agsumed sequence for the use of water )
/ - 'flowvthrough service pipe
2. o1y : . ; i _ - . ' ] . T ‘ [\1 »
150 200 - 250 3000 350. - 400 450 . 500 550 600



DROP IN LEVEL (mm)

0 10 20 30 40 50
1 1 1 ] 1

0-16-
7
»
9 0121
t
& 0-08-
w
O
@
Z 004
N
o

0 T T T T T T 1
0 4 8 12 16 20 24 28
NET LOSS OF WATER FROM STORAGE TANK (L)
(FOR TANK WITH A SURFACE AREA OF 0-54 m2 )
Fig. 6. BS 1212 Portsmouth ball-valve characteristics
Qi =ZN(i_j+])qjo

i=1
The values of Ni were taken to the nearest integer, or zero if negative.
The kitchen tap uses were added as a set of random demands.

Figs 7(a) and 8(a) show two typical flow patterns measured in two different
areas where all the houses were fitted with South of England plumbing systems.
Figs 7(b) and 8(b) show the measured flows excluding the kitchen use. It can be
seen that the rate of change of flow is assumed to be constant between any two of

the readings taken at 15-minute intervals.

The simulations of these measured curves are shown in Figs 9(a) and 10(a).
The simulations excluding the kitchen tap use are shown in Figs 9(b) and 10(b). It
can be seen that there is a very good fit between measured and simulated curves in
both areas and these are typical of the results obtained with other data. Integrationms
of the measured and simulated curves to yield total quantity of water used agreed to

within 10 litres.
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Fig. 8(a). Measured flow into area 2 including random kitchen tap use
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09.00

1
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Fig. 8(b). Measured flow into area 2 excluding kitchen tap use



500

soof oy ,3
o . . i

~ f k) |

(8] AR

9 : i Wl -
- 300r | o "';'Jf{""

put”

1t

100 f \ o F

FLOW RATE

. . ;‘ 0t i""’,"
aal oo bt ',"{4;'“\!_“l'{t.':\"t‘.’ll;}'.}mlaé]'
ﬁ’sﬂ-.)i"}‘k*?.%‘:;.ﬂf‘érrih?.{‘w’" bt . . . ,
0 1 1 S | _ J i}
05.00 - 06.00 07.00 - .08.00 ' 09.00

TIME OF DAY

Fig. 9(a). Simulation of flow into area 1
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Fig. 9(b). Simulation of flow into area 1 excluding kitchen tap use '
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Fig. 10(b). Simulation of flow into area 2 excluding kitchen tap use



7. PREDICTED DEMAND PATTERNS

The flow pattern for an individual household with the same use sequence but
with a European plumbing system was then calculated and is shown in Fig. 11].
Comparison of Figs 4, 5 and 22 shows the effect of storage on the flow pattern
for a single consumer. A comparison of peak and average flow rates, ignoring the

kitchen tap use, is given in Table 2.

0'37

FLOW RATE (l/sec)

T T T T T T T T T 1
0 50 160 150 200 250 300 350 400 450 500 550 600
' DURATION ( sec )

Fig. 11. Calculated flow through service pipe for plumbing system with no storage (calculated for the use sequence shown in

Fig.4) ,
Table 2. Effect of storage for single consumer
Peak rate Duration (sec) Mean rate
(1/sec) (1/sec)
With storage 0.077 610 0.03
Without storage 0.30 140 0.13

The duration is the total time for which water is flowing through the service
pipe. For the European system the duration is the sum of the two separate uses

shown in Fig. 4.

It can be seen that the peak flow rate has increased by a factor of 3.9 and the

mean flow rate by a factor of 4.3.

The overall effect of the change of plumbing system for the group of consumers

was determined by adding the curves using the values of Ni previously calculated.

if P], P2, P3 Pi }s the predicted flow rate for the group of consumers in
any period i, and 81> Bys By --- 8y is the calculated flow rate for a consumer with

a European plumbing system in period h, then:
Pl = Npg

P = N

2 | 8 * N

2 &
+ In general:

h
i ZF(i—JH) g,
J=1

P



{1 /sec)

FLOW RATE

The kitchen tap uses were then added as random uses as before.

The predicted demand curves of the two groups of consumers are shown in

Figs 12(a) and 13(a). Comparison of these two curves with Figs 9(a) and 10(a) shows
the effect of storage removal for a group of consumers. It can be seen that there
is no overall increase in peak demand rate, although there is a slight change in
shape. The European system produces a slightly higher rate of increase of demand
and the peak flow rate is of longer duration, which gives the curve slightly steeper
sides and a flat top. Figs 12(b) and 13(b) show the predicted demand curves for
each area excluding the kitchen tap use. It can be seen that the European plumbing
system produces fine-scale fluctuations in flow similar to those produced by the
kitchen tap demand. In order to demonstrate that the fluctuations were not produced
by the large peak in the particular demand sequence used, the use of the wash basin

was delayed to produce the individual flow pattern shown in Fig. l4.

By combining these patterns in the same way as before, the curve shown in
Fig. 15 was produced. It can be seen that there is very little difference between

Fig. 13(b) and Fig. 15.
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Fig. 12(a). Predicted flow into area 1 — European plumbing system
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8. REDUCTION OF PEAK DEMAND RATE

The possibility of reducing peak demand rate was investigated by studying the
effects of two different types of plumbing system. The first utilised a modified
ball-valve characteristic and the second allowed the tank to draw down a fixed amount

before refilling.

8.1. MODIFICATION OF BALL-VALVE CHARACTERISTIC

The flow characteristics for a standard half-inch Portsmouth type ball-valve
are shown in Fig. 6. It can be seen that once the level of water in the tank has
dropped more than 40 mm, the ball-valve is fully open and there is no restriction of
the flow into the tank other than the hydraulic resistance of the piping. If the
ball-valve of each consumer was modified so that it only allowed water to flow
through at the average daily demand rate for that consumer, then the flow rate for
a group of consumers would be constant over 24 hours. In practice, obviously, such
a system would be impossible to operate but it would be possible to restrict the flow
rate to some low value and allow the storage tank level to rise and fall during the

day.

Fig. 16 shows a modified ball-valve characteristic where the flow rate is
restricted to 0.01 litre/sec (8 gal/h) until the level has dropped 400 mm; after
this point the valve behaves normally and is fully open after a further drop of 40 mm.
In practice, it will be necessary to determine the tank size and inflow rate to fulfil
certain requirements, but for the time being, it is assumed that the tank is

sufficiently large to meet all requirements.

DISCHARGE RATE ( | /sec)

o_mw Existing Characteristic
0124
008
0044
0 T T - T T — T T T T 1
0 50 100 150 200 250 300 350 400 450 500 550

DROP IN TANK LEVEL ( mm)
Fig. 16. Modified ball-valve characteristic

If the storage tank in any house fills at a rate of 0.01 litre/sec, the filling
time for the use shown in Fig. 4 will be approximately 30 minutes. If an individual
with this particular use sequence occupies the bathroom for, say, 15 minutes, then
it is possible that a second person could use water within the house before the tank
had refilled from the first use. Under these circumstances the flow through the

distribution pipe would not increase to 0.02 litre/sec, but would remain at 0.0!

21
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i

litre/sec for omne hour © It 1s necessary,ltherefore, to know in how many houses people

- begin to use watet w1th1n 30 mlnutes of each otheér, ‘and to take these 1nto account

when predlctxng the rate of demand for the group of users. Thls agaxn presents the ;,

: problems of" a stat1st1ca1 model of d1ver51ty out11ned in Section 3.
Indlcatlons of how an 1nflow of..0..01 11tre/sec might. affect the demand rates
of the two groups of consumers .are shown in Flgs 17 to 20. F1gs ]7(a) and 18(a) show

the predlcted flow rate aSSum1ng that no two people in any one house start ‘to use

water w1th1n 30 m1nutes of. each other. Whereas Flgs 19(a) and 20(a) are based on the

assumpt1on that after 07.30 h, 107 of demands are followed by a second demand

‘beglnnlng 15 m1nutes after the start of the f1rst demand. F1gs 17(a), 18(a),’ 19(a)

and 20(a) exclude kltchen tap use whereas l7(b), 18(b), 19(b) " and 20(b) do. not It:l

'~1 .

can be seen, by compar1ng these curves w1th the s1mu1ated ones’ shown 1n Flgs 9" and 10,

that restr1ct1ng the 1nf10w rate to O 0.1 11tre/sec has produced ‘a- smoother curve. of

‘less steep gradlent, but has not reduced the peak rate of flow. © -~ .

. In general, as ‘the flow rate into a storage tank is reduced the probab111ty
that all of’ the tanks 1n a group w111 be f1111ng at the same t1me is 1ncreased When
~-this 1nflow rate is reduced to the mean rate for the group,,the probab111ty becomes
unity and all the tanks are f1111ng all the t1me As the 1nflow rate approaches

the mean, there 1s a good chance that all the tanks will be 51multaneously filling

at/some period’ durlng the day If the mean flow into the tanks 1s restrlcted to less

than the value q, where:

existing peak flow rate. . '
q = —————————— o
’ number of housés in the group, =~ 7 °

then the peak flow w111 be reduced regardless of the number of tanks f1111ng at any
instant. Values of q together with the mean flow rate for each of ‘the study.areas
are given in' 'Table 3. It can be seen from Table 5 that the 1nflow rate must be very

close to the mean flow rate before peak . reductlon is certaln to occur.

3

\

Table 3. Calculated number of people starting to use water in each 10-second period —-area l |

Area . N " © Limit of q. ' Mean flow

) (11tre/sec) . (11tre/sec)
I T 442 00009, 0005
2 L7900 10.005° . 0.004

3 699 0.007 . 0.004°
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Fig. 17(a). Predicted flow into area 1 with tank inflow rate restricted to 0.01 litres/sec (assuming the start of water uses within
a single house are at least 30 minutes apart)
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Fig. 17(b). Predicted flow into area 1 with tank inflow rate restricted to 0.01 litres/sec excluding kitchen tap use (assuming
start of water uses within a single house are at least 30 minutes apart)

23



5.00

4.00 sk, M
~ o e W ;f""l“'lw'l"‘ﬂ‘iﬂ.if&,-;
b l}.lijju\ ¥l : ""m»“ (\w
2 S
Z 3.00F M-

&
..ﬂ‘
}fU.
E - »‘!‘ 4
& 2.00F .
& M}
O .A"
: v
100 | 'éii*“ 4‘1.‘1).,}
| e
: F‘z’.l}\"* !
i . . ,{e'l"
kil |
0 h“(\l’»‘-ﬁ‘}‘ﬂd‘h.‘. 'JM««“ . | . }
05.00 ©06.00 07.00 08.00 09.00
TIME OF DAY

Fig. 18(a). Predicted flow into area 2 with tank inflow rate restricted to 0.01 litres/sec (assuming the start of water uses with-
in a single house are at least 30 minutes apart)
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Fig. 18(b). Predicted flow into area 2 with tank inflow rate restricted to 0.01 litres/s;ec excluding kitchen tap use (assuming

start of water uses within a single house are at least 30 minutes apart)
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Fig. 19(a) Predicted flow into area 1 — tank inflow rate restricted to 0.01 litres/sec (assuming 10% of the uses have a second
use starting 15 minutes after the first)
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Fig. 19(b). Predicted flow into area 1 — tank inflow rate restricted to 0.01 litres/sec — excluding kitchen tap use (assuming

10% of the uses have a second use starting 15 minutes after the first)
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Fig. 20(b). Predlcted flow into area 2 — tank inflow rate restncted t0 0.01 litres/sec — excludmg kitchen tap use (assummg 10%
of the uses have a second.use starting 15 mmutes after the fi lst) .
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8.2. DELAYED TANK REFILLING

The second method of peak reduction investigated consisted of allowing the
storage tank to draw down a fixed amount before starting to refill at the normal
rate. With this type of system it is possible that some consumers would not draw
any water from the main during the morning peak period if their tanks had filled the
previous evening. Consequently, this type of system could reduce the peak flow rate
and, at the same time, provide an approximate way of metering, since counting the
number of refills and multiplying by the volume of the tank gives the quantity of

water used less any used whilst the tank was refilling.

If such a system was installed, it would only be possible for the tank to start

filling whilst water was drawn from it.

1€ q, is the quantity of water drawn from the tank in some small time period

At, then the probability of the tank starting to fill in period At is

qt/c

where C = capacity of the tank.

For a group of N consumers, the expected number of consumers whose tanks start

to £fill in period At is

where Qt is the total quantity of water drawn from storage by the group of N

consumers in time period At.

The expected number of tanks filling in period At depends upon the time it

takes to fill the tank and the number of tanks starting to fill in that period.

If L = the rate of flow into the tank whilst it is filling, then the time taken

to fill is given by C/L, ignoring any water consumed whilst the tank is filling.
The expected number of tanks filling at the end of period At is given by:

T

1
/Qtdc =
T
(o}

Where G is the total quantity of water taken from storage in time C/L for the group of

of—
OL-—-
[

N consumers the expected flow rate at time T, is given by:

1

expected flow rate = %XL
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Fig. 21 shows part of a demand curve for the water taken by N consumers. The

quantity consumed can be calculated from the mean flow rate for period

T, - T x T, - T, or:
o

" Where M = mean flow rate for period C/L, substituting into the equation for expected

flow rate, we have:

=0
1]
=

expected flow rate = %XLX

Therefore the expected flow rate at time T

period C/L.

| is the mean of the rate for the previous

FLOW RATE —

—.H-FM - TIME OF DAY —»

1
/ Q,dt = G = shaded area of graph
T .

If M = mean flow rate for the period Ti - T0

then G=M (Ti - To)

Curve represents the total flow of water into an area of N users
minus the water used from the kitchen tap.

Fig. 21. Storage tank emptying/refilling cycle
With this plumbing system it would be necessary to have a fairly high \filling

rate L to prevent the system running out of water.

If L is taken as 0.14 litre/sec, then, on average, each tank in the study areas
would have a filling time of about 35 minutes during each day. Figs 22(a) and 23(a)

show the predicted demand patterns for areas | and 2 taking the filling duration as
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half an hour, and Figs 24(a) and 25(a) show the predicted demand pattern for a filling
time of one hour. Figs 22(b) to 25(b) are as Figs 22(a) to 27(a), but excluding any
use from the kitchen tap. It can be seen that in each case the peak would occur at

a later time and would be of lower magnitude than the measured peaks (Figs 9(b) and
10(b)). Table 4 shows the percentage reduction in peak flow rate for each area.
Delayed tank filling has less effect in area 2 because the peak recorded there was

of longer duration than that of area 1.

Table 4. Calculated number of people starting to use water in each 10-second period — area 2

Filling time % Reduction in peak
(min) Area | Area 2

30 6.1 2.0

60 12.7 4.0
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o
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ol L gttt SRS
O .t"‘..‘ ",..'A‘-"""“'ll" - ) | | J
05.00 06.00 07.00 08.00 3900

TIME OF DAY

Fig. 22(a). Storage tank emptying/refilling cycle. Predicted flow into area 1 — filling time 30 minutes
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Fig. 23(b). Storage tank emptying/refilling cycle, excluding kitchen tap use. Predicted flow into area 2 — filling time 30 minutes
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Fig. 24(a). Storage tank emptying/refilling cycle. Predicted flow into area 1 — filling time 60 minutes
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Fig. 24(b). Storage tank emptying/refilling cycle, excluding kitchen tap use. Predicted flow into area 1 — filling time 60 minutes
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Fig. 25(a). Storage tank emptying/refilling cycle. Predicted flow into area 2 — filling time 60 minutes
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9. DISCUSSION

vy

The, results obtained from the ana1y51s were’ surprising and unexpected ~ The

original a1ms of the prOJect were to assess the likely 1ncrease in peak demand ;rate, .

resulting from the removal of storage, and 1t had not been con51dered that this \

.vincrease could be m1n1ma1 However, with the benefit of hindSight it is not too

i

difficult to understand the reasons why 1nd1v1dual storage has 11tt1e effect on- peak (.

1

demand rates, for a 1arge group of consumers. The following is an attempt to’ explain_
these reasons 1n non—mathemat1ca1 terms. '_ . f’f, )

n

For .a.single house w1th storage, the rate of demand on the distribution system :
'1s reduced wherever the rate of flow through the serVice pipe into the. house 1s '
less than the rate of use within the house. The ratio between the two’ can.be c

defined ‘as jthe rediuction ratio. LT

S, - .+ [ rdte of demand within a house R
. : Reduction-ratio:= - - - — . .*
' S . 77 rate of flow through servicé .pipe

It cam be seen that the reduction ratio will be high whenever the rate of
demand w1th1n the: house is high and the flow through the service pipe is low.
Consequently for’ any particular. demand the reduction ratio will be greatest hefore /
Athe ball-valve is fully_open. The fact that ‘the level in the tank falls, below the
1eye1 of the float‘when,;say, filling-a bath has no 1nf1uence on the reduction ratio.

For a group of COnsumers, the fiow,rate atany instant will depend upon.the

- numher-of-houses.with~water flowing through -the servicefpipes and'the=individual
rates of flow.. If these ratesﬁof flow are reduced, then-the duration of the.flow .
must be increased in order to supply tne samevquantity ot water.' Conseduently, at
any 1nstant the ,number of consumers with water flow1ng through their service ‘pipes
will be increased and hence the total: flow rate for the group tends ‘to remain the

same., - S e e

A.group of idenricalidemands is shown diagramatically in Fig. 26 as a series
of blocks. Each block represents an ‘individual water use. The height of each block
'q\represents the fiow rate and'the 1ength“of-each block T, the duration:of'the flow
through the service pipe:' The total height‘of the"wall’“represents the peak flow

rateffor'the group of corsumers and the times £, “etc., the time-at which each

’.t.z.’

consumer, starts to use water.

v . ,
'

Fig. 27 shows the same set of demands. The, start‘times, ts tz, etc., are the
same but the flow rates, q, are -decreased -and the duration, I,'is increased so that
total Quantity of each ‘use (area) is the . same. It can be seen that no reduction in
peak flow rate for the group occurs- until some critical value-of q is reached as in

the last diagram of Fig 27.
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This greatly simplified example illustrates how a reduction in flow rate through
service pipes of individual consumers does' not necessarily result in a reduction of

flow rate for a group.

The foregoing has demonstrated that the presence or absence of individual
domestic storage has little or no effect on the peak demand rate for a large group
" of domestic consumers. As the size of a group is reduced, the storage has an
increasing effect and ﬁas, of éourse, the greatesf effect for a single consumer. The
limiting size of group for.which storage has no effect has nét been precisely deter-

mined, but appears to be in the order of.IOOO‘peOple or 300 to 400 houses.
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10. PEAKS OF SHORT DURATION

Occasionally large demands of short duration are encountered which are pro-
duced by a relatively large number of people starting to use water in a short period
of time and are consequently of low diversity. Demands of this type often occur
after popular television programmes. The demand usually consists of flushing toilets,
washing hands and making drinks. Fig. 28 shows a curve which was measured in one
of the study areas at 01.00 h. Fig. 29 shows the simulation of the peak assuming
that all consumers have the demand pattern shown in Fig. 30(a) with storage. Fig 30(b)
shows the effect of removing storage for a single consumer and Fig. 31 shows the

effect for the group.

It can be seen that the removal of storage results in a slightly higher peak
flow rate. In practice the increase in flow rate will be less than that shown in
Fig. 31, since an increase in flow will be accompanied by a reduction of pressure.
It can also be shown that if the tank inflow rate is reduced or if the tank is allowed

to draw down before refilling, a peak of this type would be further reduced.
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Fig. 28. Peak occurring at end of popular TV programme, measured at 01.00 h
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Fig 33, Predicted TV peak with European plumbing system
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11. THE THREE OTHER BENEFITS OF STORAGE

There are four benefits commonly attributed to the provision of storage;
these are listed in the introduction. Whilst this report is concerned primarily
with one of these, some opinions have been formed regarding the other three, and are

mentioned briefly below.

It cén_be seen from Fig. 1 that if the pressure in the main was less than
approximately 2 m head, all outlets, except the cold tap in the kitchen, would still
be supplied with water, and all could be used normally. If the same conditions were
applied to the system in Fig. 2, water could only be drawn from the hot taps and it
would be impossible to flush the toilet more than once. Also, if the pressufe in the
main became negative with respect to atmospheric pressure then, none of the outlets,
except the kitchen tap, could allow water to pass back into the main with the South
of Engignd system, whereas all cold water outlets in the North of England system
are potential back siphonage hazards. Consequently items (a) and (b) listed in the
introduction do not apply to a North of England system. However, this system is not
generally considered inferior to the South of England system, and the importance of

these items is therefore in some doubt.

The fourth benefit (d) listed in the introduction,namely limitation of pressure
in distributing pipes, leading to reduction of noise and waste, and also allowing
use 6f cheaper pipes, may be over-rated. Noise caused by a tank filling may be of
longer duration, even if it is of less intensity. Waste may or may not be reduced
with domestic storage; and it is common to use the same class of fitting on both

inlet and outlet sides of domestic tanks.

A South of England plumbing system can provide an adequate service to consumers,
even in areas with very low supply pressure and can even tolerate the head of water
in the main falling below the level of the storage tank for short periods. Under

these circumstances it would not be feasible to operate a European system.
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12. CONCLUSIONS

From the results of this theoretical study, it would appear that the effect of
introducing fully pressurised plumbing systems would not significantly change the
requirements for main sizing or service reservoir capacity in order to cope with
the normal daily usage patterns. The provision of individual domestic storage in
its present form appears to have no effect on the normal morning peak flow rate
produced by a large group of domestic consumers since they are waking and starting

to use water at random times.

Storage does, however, reduce the peak flow rate of a demand caused by a
number of people starting to use water within a few minutes of each other. Uses
such as these would be encountered at the end of popular TV programmes. If storage
was removed from domestic plumbing systems, then peaks of this type would be
encountered more often. The fine-scale fluctuations in flow shown in Figs 12(b) and
13(b) demonstrate the ease with which peaks of short duration (in the order of a
few seconds) are produced with a European system. In practice, European street

mains are not significantly oversized by UK standards to cope with this effect.

Restriction of the rate of flow of water into domestic storage tanks does not
significantly reduce the peak flow rate for a large group of consumers unless the
inflow rate approaches the mean flow rate for the day. Daily fluctuations in the

quantity of water used would make such a system difficult to work in practice.

Allowing the tank to draw down before starting to refill would also produce a
slight reduction in peak demand, but the effect would be too small to warrant the
increased complexity of the installation unless it was also used as a means of

metering.
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