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$%675$&7
  

    In this paper the authors investigated the flow rates of water supply system at the office
floors of a building the constructed in Tokyo Metropolitan district.  The flow rates of the
cold water, the hot water and the non-portable water in the pipes had been measured by
pulse dispatch type water supply meters every 1 second.  For resolving the problems in
measuring the instantaneous flux in the actual buildings, the authors thought out the
prediction model to estimate it by the flux of long time units. The model was constructed
by neural network.
    The maximum value of the flow rate in a pipe for 1 second could be predicted to high
accuracy from the total volume used for 24 hours, it for 10hours, the maximum value of the
flow rate in 1 minute. The predicted values were compared to the actual values by the
statistical methods. And, the values predicted by neural network model had been fitted
more than the values predicted by the linear regression analysis model.

.H\ZRUGV

Water supply; estimation of the maximum load; neural network; office building
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����,QWURGXFWLRQ

    This paper shows the estimating method of the maximum flow quantities in a second for
water supply in an office building. The instantaneous flow quantities were calculated in
surplus for planning the water supply system in according to the conventional method. It is
characteristic in Japan, because almost buildings have the receive tanks. However, for
water conservation, energy conservation, saving space, keeping hygiene and so on, the
direct water supply system became spread widely. In the Tokyo metropolitan district,
booster pumps were added. The instantaneous flow quantities must be accurate enough for
practically for this system.
    In this report we investigated the flow quantities at the actual water supply system, and
analyzed the maximum load. Then, an estimating model, which has calculated the
maximum load of water supply system, was constructed using non- linear regression
analysis. The investigated results agreed to the theoretical estimate.

��� $�VXPPDU\�RI�,QYHVWLJDWLRQ

    We show building equipment outlines of T- office building in Table 1. The water supply
and drainage system of this building is shown in Figure 1, which has a multi-dimensional
water supply.
    We measured the flow quantities in all lavatories and hot water chambers at the 20th floor
and the 36th floor two floors of this building, during December 17th  ~ 24th   in a winter term
of 1996 and August 25th  ~ 29th   in a summer term of 1997. We show the plans of
lavatories at those two floors in Figure 2 and Figure 3 There are two lavatories on the south
side and the north side of the 20th   floor, which are same plans. Flow meters were set up at
36 points of each pipe- lines for taking the data of flow quantities out of all fixtures of
every lavatories and hot water chambers, and those were measured in a second, and
recorded. We show a sight of the investigated places in Table 2.

�� 7KH�ILQGLQJV�DQG�WKH�PD[LPXP�ORDGV�RI�ZDWHU�VXSSO\

�����7KH�QXPEHU�RI�H[LVWHQW�SHUVRQV�RQ�WHVW�IORRUV
    We show the number of existent persons on each floor averaged during a month, and
variances, statistics in Table 3. Since a testing statistical hypothesis at 0.1- level
significance was treated, it became clear that the number of existent persons on the 20th

floor varied in seasons, but it on the 36th   floor could not be decided to vary in seasons.
Next, the testing statistical hypothesis at 0.05- level significance was treated for testing the
seasonal variation of the ratio of female to male. It became clear that those on the 20th

floor and the 36th   floor could not be decided to vary with the seasons. In this report we
decided that the ratio of female to male on the 20th floor was 21:79, and it on the 36th floor
was 19:81.
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7DEOH����7KH�RXWOLQH�RI�EXLOGLQJ�DQG�EXLOGLQJ�HTXLSPHQW�
$GGUHVV Tokyo Metropolitan
%XLOGLQJ�VFDOH 48 floors above ground,  3 floors below grade
7RWDO�IORRU�DUHD 195,764.31m2

7RWDO�TXDQWLWLHV�RI�ZDWHU�XVDJH
�GHVLJQ�YDOXH�

Potable water: 300m3/day
Miscellaneous water: 300m3/day (8 hour used)

7KH�ERUH�RI�WKH�ZDWHU�VXSSO\�SLSH
Potable water: φ150mm
Miscellaneous water: φ150mm

7KH�ZDWHU�UHFHLYLQJ�WDQN
Potable water: 2 places,180m3

Miscellaneous water: 1 place,340m3

$X[LOLDU\�WDQN
Potable water: 7 places,43m3

Miscellaneous water: 7 places,57m3

3RWDEOH� �
ZDWHU�

0LVFHOODQHRXV� �
ZDWHU�

5DLQ� �
ZDWHU�

:DVK�RU�GULQNLQJ�

.LWFKHQ�

)OXVK��7RLOHWV��

8WLOL]DWLRQ�
V\VWHP�

7KH�UHJXODWLQJ�WDQN� �
RI�UDLQ�ZDWHU�

5HJXODWLQJ�
WDQN�

5HPRYDO�KDUP�
HTXLSPHQW�

2YHU�IORZ� 5HFRYHU\�

'LUHFW�GUDLQDJH�
5HJXODWLQJ�GUDLQDJH�

7LPH�ODJ�GUDLQDJH�

'UDLQDJH�

)LJXUH����)ORZ�FKDUW�RI�WKH�ZDWHU�VXSSO\�DQG�WKH�GUDLQ�ZDWHU�
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7DEOH����$�OLVW�RI�WKH�LQYHVWLJDWHG�SODFHV�
7KH�FODVVLILFDWLRQ�IRU

XVH
8VDJH 'LDPHWHU

RI�D�SLSH
7KH�FODVVLILFDWLRQ

IRU�XVH
8VDJH 'LDPHWHU

RI�D�SLSH
Potable water 20 Potable water 20

Sinks
Hot water 20

Sinks
Hot water 20

Urinals
Miscellaneous

water
30

Lavatory
for the

handicappe
d. Toilets

Miscellaneous
water

30
Male

lavatory

Toilets.
Miscellaneous

water
30 Janitor’s closet Potable water 20

Potable water 20 Potable water 25
Sinks

Hot water 20
Hot water room

Hot water 20

36
F

Female
lavatory

Toilets
Miscellaneous

water
30

Potable water 25 Potable water 25
Sinks

Hot water 25
Sinks

Hot water 25

Urinals
Miscellaneous

water
30 Urinals

Miscellaneous
water

30
Male

lavatory

Toilets
Miscellaneous

water
30

Male
lavatory

Toilets
Miscellaneous

water
30

Potable water 25 Potable water 25
Sinks

Hot water 25
Sinks

Hot water 25Female
lavatory

Toilets
Miscellaneous

water
30

Female
lavatory

Toilets
Miscellaneous

water
30

Janitor’s closet Potable water 20 Janitor’s closet Potable water 20

N
or

th

Tea room Potable water 20

So
ut

h

Tea room Potable water 20
Potable water 20 Potable water 25

Sinks
Hot water 20

Hot water room
Hot water 25

20
F

Lavatory
for the

handicappe
d Toilets

Miscellaneous
water

30

                  �7DEOH����7KH�QXPEHU�RI�SHUVRQV�RQ�HDFK�IORRU�
:LQWHU 6XPPHU W�ERXQGDU\�YDOXH

$YHUDJH 9DULDQFH $YHUDJH 9DULDQFH
6WDWLVWLFV
W�YDOXH α ���

Male 166 18.2 147 51.7 6.74 > 2.120
F Female 46 14.7 37 4.3 5.18 > 2.1

Male 68 11.0 70 8.0 -0.82 < 2.136
F Female 15 5.2 18 1.0 -2.01 < 2.1
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�����7KH�PD[LPXP�ORDGV�RI�ZDWHU�VXSSO\
    We explain the technical terms as follows.
(1) The sum in a day: the total amount of used water in 24 hours from 0 to 24 o’clock.
(2) The sum in 10 hours: the total amount of used water in 10 hours from 8 to 18 o’clock.
(3) The maximum value in an hour: the value when the total amount of used water in each

hour from 8 to 18 o’clock was the largest.
(4) The maximum value in a minute: the value when the total amount of used water in

each minute at the case of (3).
(5) The maximum value in a second: the value when the total amount of used water in

each second at the case of (3).
(6) The estimated maximum values in a second: the determined values after estimation of

the population distribution with sampled values, which were the 95% value, 99% value
and 99.5% value of the estimated maximum value.

    We calculated each values of used water in 6 lavatories through each season and through
a year. The variations of the total amount of the used water in an hour are shown in Figure
4 and Figure 5, those are averaged through a year. Figure 4 is the case of male lavatory on
the north side of 20th floor. There were two peaks, which appeared at the office-going hour
and after lunch hour. Figure 5 is the case of female lavatory on the north side of 20th floor.
There were two peaks, which appeared after lunch hour and the closing hour.
    We show the sum in a day, the sum in 10 hours, the maximum value in an hour, the
maximum value in a minute, the maximum value in a second and the estimated maximum
values in a second at every lavatory investigated in Table 4. After the testing statistical
hypothesis at 0.05- level significance was treated about the maximum values in a second
investigated in each season, it became clear that the total amount of used water in winter
season might be more than in summer season. But there was no difference only as to the
estimated 95% maximum values in a second.
    If the maximum value investigated was treated as the maximum load in water supply
system, we could not design the water supply system, taking special care of reliability, and
the scale of system might be calculated larger. In this report we think that the estimated
95% maximum value in a second is the maximum load to water supply system.

�����:DWHU�DPRXQW�XVHG�E\�RQH�SHUVRQ
    The mean value, variances and statistics, which were calculated in the sum in 10 hours
divided by the existent persons on each floors are shown for Table 6. After the testing
statistical hypothesis at 0.05- level significance was treated about the water amount used by
one person investigated in each season, it became clear that there were no differences in the
case of male at 20th floor and female at 36th floor.

�����7KH�SURILOHV�RI�XVHG�ZDWHU�DPRXQW
    The daily movement and the seasonal movement are important to design the water
supply system. We treated analysis of variance to the hourly changes of amount used water.
The findings of the analysis to the lavatory for male on the north side of 20th floor are
shown in Table 7. When we built up a hypothesis that the population means of the data of
the all investigated day are coincident, the variance ratio-F was calculated as1.357. Since
this is smaller than the boundary value (1.966), the hypothesis could not be rejected. Then
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7DEOH����7KH�XVHG�TXDQWLWLHV�RI�ZDWHU�LQ�7�RIILFH�EXLOGLQJ�

7KH�PD[LPXP�YDOXH�RI
HVWLPDWLRQ�IRU���VHFRQG�

/�PLQ

7KH
PD[LPXP
YDOXH�IRU
��VHFRQG

7KH�XVH�TXDQWLW\�RI�ZDWHU��/

/DYDWRU\ 'DWH

��� ��� ����� /�PLQ

7KH
PD[LPXP
YDOXH�IRU
��PLQXWH

7KH
PD[LPXP
YDOXH�IRU
��KRXU

���KRXUV ���KRXUV

Winter 87.196 106.988 114.492 151.696 31.336 428.868 2626.110 2954.126
Summer 71.376 109.323 117.720 127.595 30.286 301.634 1978.644 2183.150

20F north
lavatory
(Male) Year-round 79.286 108.155 116.106 139.645 30.811 365.251 2302.377 2568.638

Winter 90.648 100.488 114.222 162.952 32.871 291.091 1658.540 1834.928
Summer 90.648 96.667 100.236 106.354 29.364 173.382 1015.618 1156.230

20F north
lavatory
(Female) Year-round 90.648 98.577 107.229 134.653 31.118 232.237 1337.079 1495.579

Winter 66.608 87.824 97.626 122.966 25.176 255.397 1928.659 2206.518
Summer 60.883 81.698 88.647 98.638 21.836 272.272 1709.978 1945.146

20F south
lavatory
(Male) Year-round 63.746 84.761 93.136 110.802 23.506 263.834 1819.319 2075.832

Winter 99.930 123.188 146.552 166.012 39.437 266.040 1461.520 1621.944
Summer 99.213 105.041 117.697 123.212 26.677 191.642 1132.964 1326.208

20F south
lavatory
(Female) Year-round 99.571 114.114 132.125 144.612 33.057 228.841 1297.242 1474.076

Winter 77.108 107.060 116.958 138.086 26.894 237.849 1693.538 1866.056
Summer 83.937 111.560 119.912 128.690 24.537 226.162 1444.716 1620.462

36F
lavatory
(Male) Year-round 80.523 109.310 118.435 133.388 25.715 232.006 1569.127 1743.259

Winter 109.916 124.192 125.120 148.978 36.761 210.636 1048.147 1101.222
Summer 107.064 119.912 129.904 134.496 31.686 207.552 1189.002 1248.282

36F
lavatory
(Female) Year-round 108.490 122.052 127.512 141.737 34.223 209.094 1118.575 1174.752
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we could not treat as the different data for the investigated data during a year at 0.05- level
significance.
    The findings to the analysis to all investigated lavatories are shown in Table 8. Almost of
the profiles of hourly used water amount belonged to the each population with a few
exceptions. In the case of the lavatory for females on the north side of 20th floor, there was
difference in seasons.

����7KH�FRQVWUXFWLRQ�RI�HVWLPDWLRQ�PRGHO�IRU�WKH�PD[LPXP�ORDG

    Since it costs a great deal to investigate for measuring flow quantities in a second and to
analyze the data. We confront the serious problem to execute the projects to investigate
more buildings. As the settlement of it, we studied the method to estimate the maximum
value in a second by the water amount measured in the longer period.
    Firstly, we treated the multi variables regression analysis. The following equations were
obtained:

Y = 0.778X1 + 0.027X2 + 0.009X3 - 0.013X4 + 68.108         ............ eq. (1)
                R2 = 0.2749

Y   :  The estimated maximum values in a second
X1 :  The maximum value in a minute
X2 :  The maximum value in an hour
X3 :  The sum in 10 hours
X4 :  The sum in a day
R2 :  a multiple correlation coefficient

    It is insufficient to apply the estimation model with eq.(1), because a multiple correlation
coefficient is lower. Then, we constructed the model by the neural network, which identify
the model with the non- linear regression analysis.
    We show a neural network model in Figure 6. This model has 3- layers. The first layer is
an input layer, which is made formed by 4- units. Those are the maximum value in a
minute,
the maximum value in an hour, the sum in 10 hours and the sum in a day. The second layer
is a hidden layer, which is made foamed by 9- units. The third layer is a output layer, which
has single unit. This is the maximum load in a second to water supply system. A number of
units at the hidden layer was decided by the Akaike Information Criteria (AIC). The data of
each unit of an input layer and an output layer were standardized from 0.1 to 0.9.
    Training such a network involve using the water amount data of every lavatory, which
are values for the input and output of the neural network. The data of December 24th and
August 8th were excluded, because those data were used for inspection. The neural network
would learn by adjusting the weights to minimize the error of the outputs. The error
function is the objective of the minimization procedure. The values of error function on the
training process are shown in Figure 7.
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7DEOH����7KH�PD[LPXP�TXDQWLWLHV�RI�ZDWHU�XVDJH�LQ�D�VHFRQG�
:LQWHU 6XPPHU W�ERXQGDU\�YDOXH

$YHUDJH 9DULDQFH $YHUDJH 9DULDQFH
6WDWLVWLFV
W�YDOXH α ����

The maximum
in 1 second

175.1 1412.6 139.0 1066.4 7.92 > 2.0

99.5% value 133.4 991.2 122.3 615.7 2.56 > 2.0
99% value 117.1 419.5 110.7 266.2 2.53 > 2.0
95% value 93.4 205.5 90.0 276.3 1.98 < 2.0

7DEOH����7KH�TXDQWLWLHV�RI�ZDWHU�XVDJH�SHU�RQH�SHUVRQ�
:LQWHU 6XPPHU W�ERXQGDU\�YDOXH

$YHUDJH 9DULDQFH $YHUDJH 9DULDQFH
6WDWLVWLFV
W�YDOXH α� ����

Male 27.5 1.8 24.9 2.6 2.46 < 2.8
20F

Female 67.3 29.3 57.1 4.7 5.12 > 2.8
Male 24.9 2.3 20.6 7.2 3.21 > 2.8

36F
Female 68.6 101.6 65.9 51.3 1.14 < 2.8

7DEOH����7KH�DQDO\VLV�RI�YDULDQFH�WR�WKH�GLVWULEXWLRQ�RI�XVHG�TXDQWLWLHV�RI�ZDWHU�
�1RUWK�PDOH¶V�ODYDWRU\�RQ���)�

7KH�IDFWRU�RI
YDULDWLRQ 9DULDWLRQ 'HJUHHV�RI

IUHHGRP 9DULDQFH 9DULDQFH�UDWLR )�ERXQGDU\
YDOXH

During the
groups

115566 9 12841 1.357 1.966

In the groups 1041170 110 9465
Total 1156736 119

7DEOH����7KH�UHVXOWV�RI�DQDO\VLV�RI�YDULDQFH�
7KH�SODFH�RI�WKH�XVH ��:LQWHU 6XPPHU <HDU�URXQG

20F north lavatory (Male)
20F north lavatory (Female) î
20F south lavatory (Male)
20F south lavatory (Female)
20F lavatory (Male)
20F lavatory (Female) ×
20F lavatory
20F all � �
36F lavatory (Male)
36F lavatory (Female)
36F lavatory
36F all

 :The quantities of water usage of each day are belonged to the same group.
×:The quantities of water usage of each day are not belonged to the same group.
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A scatter diagram shows the relation between the training data and the estimated data in
Figure 8. A multiple correlation coefficient is improved than the case of multi variables
regression analysis.

����)LQGLQJV�RI�HVWLPDWLRQ

    We evaluated the neural network model in the tests with the data of December 24th and
August 8th . The estimated values and the investigated values were compared and shown in
Table 9. Close agreement between investigated values and estimated values was obtained.
Since a multiple correlation coefficient is 0.824 and results of tests were better than multi
variables regression analysis, we think that this method is effective.

����&RQFOXVLRQ

    We studied the maximum load of water supply in an office building by the investigation
for measuring flow quantities in a second. Since there were difficulties in such
investigation, we examined the method to estimate the maximum value in a second by the
water amount measured in the longer period. The following results are obtained.
(1) The estimated 95% maximum value in a second is suitable for treating as the maximum

load.
(2) In estimation, the method of the neural network modeling were better than it of multi

variables regression analysis
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7DEOH����7KH�UHVXOWV�RI�SUHGLFWHG�YDOXHV�

3UHGLFWHG�YDOXH
/�PLQ

$FWXDO�YDOXH
/�PLQ

3UHGLFWHG�YDOXH
��$FWXDO�YDOXH�

/�PLQ
20F north lavatory (Male) 102.50 96.35 6.15
20F south lavatory (Male) 98.76 78.48 20.28
20F south lavatory (Female) 105.21 99.92 5.29
20F lavatory (Male) 92.81 90.83 1.98
20F lavatory 99.21 103.50 -4.28
36F lavatory (Male) 74.24 75.01 -0.78
36F lavatory (Female) 110.27 110.63 -0.37
36F lavatory 101.77 107.06 -5.29

12/24

36F all 97.99 103.50 -5.51
2F north lavatory Male) 75.26 60.67 14.59
20F south lavatory (Male) 48.78 40.32 8.45
20F south lavatory (Female) 109.85 96.36 13.49
20F lavatory (Male) 73.63 71.38 2.25
20F lavatory 88.10 99.93 -11.82
36F lavatory (Male) 48.02 60.67 -12.65
36F lavatory (Female) 109.06 110.63 -1.57
36F lavatory 105.71 107.06 -1.36

8/29

36F all 107.83 110.63 -2.80

)LJXUH����7KH�UHVXOW�RI�SUHGLFWHG�YDOXH�
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$EVWUDFW

Peak flows are the basic parameters, which are used for estimation the size of the pipe
diameters of water supply and drainage installations.

Design demand is water quantity, which reflects the critical load levels of the system
during the operational period when it should perform normally. It is obligatory when
designing the different elements of the system-pipes, pumps, booster units, tanks, water
heaters etc. Depending on the particular design task different time interval is used. The
interval can be a day, an hour, a minute, a second. Usually the approaches for calculation
of these water quantities are different.

The objective of this paper is to describe a common statistical method for calculation
the peak demands in the different branches of water supply systems, which allows taking
into account the time interval and confidence coefficient. However it needs additional
research and in order to reflect the various factors which influence water demand regime
of the different types of buildings. These parameters are specific for every country and
type of building. The paper focuses on the stochastic flow rate distribution model in the
water supply networks for buildings. Charts for practical application of the method for
sizing of the pipes of the plumbing networks are presented.

.H\ZRUGV

Flow rate; water demand; stochastic model, design, method;

��,QWURGXFWLRQ

The stochastic character of the water consumption from the water supply system is
reflected very limited from the theory and rarely used in practice. The fact that not only
the demand but also the pressure losses are random parameters too is not reflected. There
are still questions which are not solved and which need investigation, i.e. how to select
the required confidence level, what is the time interval for which the density function will
be adequate, what is the duration of the peak demands. Tessendorf [4] suggested 15
second of the duration of the peak demands for the plumbing systems. In fact the
different elements of the system can be sized for different time interval duration of the
peak demand. The idea of using different duration for the peak demand of the elements of
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water supply and plumbing systems is very promising. However it needs additional
research and in order to reflect the various factors which influence water demand regime
of the different types of buildings. These parameters are specific for every country and
type of building. This paper focuses on the stochastic flow rate distribution model in the
water supply networks for buildings.

��6WRFKDVWLF�ZDWHU�GHPDQG�PRGHO

Stochastic models developed during the last years allow application of the theoretical
stochastic methods in the design practice. Stochastic water demand model
implementation is discussed in more details in several other papers [1,2,3,4]. The model
includes harmonic, centred hourly stochastic, centred stochastic for time interval less then
1 hour components.

The parameters of the model are functions of two major factors, the number of fixtures
and the average annual specific water use per fixture and are determined by applying
regression analysis. They can be obtained rather quickly for the different types of
buildings using recorded consumption and pressure data from normally operating
plumbing systems [1,4].

The Cumulative Density Function of the process is described by normal distribution
equation:
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where
στ�is the standard deviation of the stochastic component;
τ - the time interval;
47�W� – the standardised daily profile demands;
7 – the duration of the observed period.

��6WRFKDVWLF�ZDWHU�VXSS O\�QHWZRUN�GLVWULEXWLRQ�PRGHO

Traditional methods of estimating the flow rates assume the same demand at the point
of consumption as at the network supply facilities. In fact it is one of many possible
values. The criterion for the reliability of the systems is the confidence level which is
sufficiently high (0.98-0.99). The possibility of non-coincidence of peak values for
various consumers is need additional investigations. The probability of the assumed
loading vector for all the consumers, as well as the probability of the water supply system
state (pump head and water tank levels etc.) corresponding to the demand values need to
be determined.

It is known that the principle of superposition cannot be implemented because of the
non-linearity of the water networks. Verbitsky have noticed that there are conditions
when this principle is valid [4]. If the nodal demands change in synchrony, then it is
possible to use linear operator for the resultant solution. This fact satisfies the prerequisite
for estimation the stochastic flow rate distribution.

The flow rate in any water supply network pipe can be estimated by the equation:
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where
FLM are coefficients which show the portion of the flow from each pipe in node M;
TM – the flow from pipe M;
P – the number of the nodes in the network;
Q – the number of the pipes.

If TM are random values, equation 2 shows that the parameters of the density function
of the random flow rates 4L can be determined by the traditional rules of random value
transformation.

Equation 2 does not change if 4L and TM are replaced by their mean values and the pipe
flow rate variance is determined by:
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where
&RY�TM��TN� is the covariance of the flow rates in nodes M and N.

Equations (2) and (3) determine the stochastic flow distribution in a water supply
network.

Introducing of matrices of summarised parameters into design process allows
application of well-developed procedure for linear networks.

For every node two balanced equations can be written [4]:
)()()( NLM T0T0T0 += (4)

)()()()(),(2)()()()()( 2222
NLNLNLNNLLM T9T9T0T0TT&T9T0T9T0T9DU ++= (5)

where
0�TM� is the mean flow rate value of pipe L ,
0�TL� and 0�TN�� – the mean flow rate values in pipes L and N;
9�TL� and 9�TN� – the variance coefficients o flow rate values in pipes L and N;
&�TL��TN� – correlation coefficient.

Equation (4) represents the material balance according Kirchhoff’s low and equation
(5) represents the statistical balance, which specifies the relationship of random flow rates
pipe values and the water flow rate supplied to a certain node.

��0HWKRG�IRU�HVWLPDWLRQ�WKH�SHDN�VHFRQG�DQG�KRXUO\�ZDWHU�GHPDQG

The basis of the method is the estimation of the parameters of stochastic model, which
allows using one and the same density function to determine the hourly and the shorter
time interval water demand (flow rates). The used parameters of the applied model are
referred to the public buildings. They are determined on the basis of the recorded flow
and pressure data of the existing public buildings in Bulgaria and therefore should be
clarified for the conditions in the other countries.

The method comprises the following procedures:
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����(VWLPDWLRQ�RI�WKH�DYHUDJH�KRXUO\�ZDWHU�GHPDQG��
K

4
−

The average hourly water demand for a particular building is calculated by the
following equation:

Z

G

K W

1T
4 =
−

, (6)

where

G
T
−

 is the daily water demand per capita, dm3/c.d;

1 – the number of the residents;
WZ – the working period, when shorter than 24 h, h.

����(VWLPDWLRQ�RI�WKH�DYHUDJH�KRXUO\�IL[WXUH�ZDWHU�GHPDQG��
−
T

The average hourly fixture water demand is an important factor, which influences
considerably the design flow rates and should be taken into consideration during the pipe
sizing procedure. It reflects the fact that the frequency of use of the sanitary fixtures is
dependent of the number of the residents of the building. It is determined using the
following equation:

∑

−
−

=
Q

4
T K , dm3/f.h, (7)

where

∑ Q  is the total fixture units of the building installation.

����(VWLPDWLRQ�RI�WKH�SDUDPHWHUV�RI�WKH�FXPXODWLYH�GHQVLW\�IXQFWLRQ

4.3.1 Variation coefficient
The variation coefficient of the hourly demand process, 9K is estimated according the

following mathematical expression:
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4.3.2 Ratio of the variances of t he harmonic and the stochastic hourly demand processes,
0

The ratio of the variances of the harmonic and the stochastic hourly water demand can
be determined by the equation [3]:
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where

∑Q  is the total fixture units supplied by the pipe;

4.3.3 Hourly water demand var iance
The variance of the hourly water demand is determined by the following equation:

2).()(
KKK

4949DU
−

= , (dm3/h)2 (10)

4.3.4 Constant water demand pr ocess variance
The variance of the constant process is calculated according to the following

mathematical expression:

( ) ( )
)1(

.

+
=

0

49DU0
49DU KF

K
, (dm3/h)2 (11)

4.3.5 Variance coefficient of th e harmonic demand process
The variation coefficient of the constant (harmonic) demand process is calculated

using the equation:
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4.3.6 Peak hourly water demand  coefficient.
The peak hourly water consumption coefficient is estimated by following equation[4]:

11
22 +++= F

K

F

K

F

K
999. . (13)

�����(VWLPDWLRQ�RI�WKH�LV�WKH� VWDQGDUG�GHYLDWLRQ�RI�WKH�VWRFKDVWLF�FRPSRQHQW� τσ

The standard deviation of the random water demand process averaged for time interval
τ is estimated according the well-known formula:
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where
)τ��is determined depending on the time interval τ by the equation:
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where
9DU�4

���V�� is the variance of the recorded water consumption time series (with time
interval τ ����V) performed for particular type of building.
)τ can also be calculated (after checking the adequacy )using the following

mathematical expression (4):
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����(VWLPDWLRQ�RI�WKH�GHVLJQ �IORZ�UDWHV
The design flow rates are estimated depending on the confidence level 3P:

ε≤
−

P

PW

3

34) )(
(17)

where ) 4
W
( )  is the value of the cumulative density function (CDF) (see equation 1).

ε – the relative allowed error;
4 – the design flow rate for time interval τ, determined as the upper limit of

integration of the CDF.

��5HVXOWV

The design flow rates for the building water supply systems can be determined
depending only of two major parameters:

• the total pipe fixture units;
• the annual specific water demand per fixture.

The practical application of the method can easily be done by developing the
corresponding tables and charts as well as creating of friendly software.

As the water consumption regime is different for the different types of buildings it is
necessary the parameters of the model to be clarified for each type of building. As the
sanitary equipment, climatic conditions and culture of the residents are different the
parameters of the CDF should be determined and clarified for each country.

The proposed charts (Figures 1 and 2) can be used for estimation of the peak second
and peak hourly flow rates for the public buildings. They are created using the established
parameters for the country of Bulgaria.
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��&RQFOLVLRQV

1. The proposed statistical method is based on the stochastic water demand model. The
parameters of the model are determined operatively for the different types of
buildings using recorded flow data from normally operating plumbing
systems.

2. The approach gives the possibility, the parameters to be updated periodically
with limited financial expenses.

3. The parameters of the model are specific and should be clarified for each
country.

4.  The method gives the possibilities to reflect the confidence level and the
peak flow duration.

5. The proposed charts for sizing the pipe water supply networks of public
building illustrate the practical application of the method. The average hourly
fixture water demand, which influences considerably the design flow rates
and should be taken into consideration during the pipe sizing procedure.
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$QDO\VLV�RI�7RLOHW�8VHUV�DQG�WKHLU�%HKDYLRUV
LQ�5DLOZD\�6WDWLRQV

$�VWXG\�RQ�WKH�FDOFXODWLQJ�PHWKRG�RI�IL[WXUH
UHTXLUHPHQWV�IRU�UDLOZD\�VWDWLRQV��3DUW��

6��085$.$:$��.��6$.$8(��<��.26+,.$:$��<��7$.$78�
<�1$.$*$:$

$EVWUDFW

  The purpose of this study is to establish the new calculating method of fixture
requirements for railway stations by applying a simulation method based on the
characteristic factors of stations.  In this paper, as part one of the study, we analyzed the
weekday data of toilet users and their behaviors in five stations, Tokyo area.
   The main contents are as follows;
   At first, we showed the sequential changes of the numbers of passengers and toilet
users in each hour through a day. The ratio of toilet users for the passengers has five
stages in a day. On the basis of the analysis of the U station including the people of
transfer, the number of transfers has to be considered as a factor of the calculating
method of fixture requirements for railway stations. We showed the relationships
between the passengers included the people of transfer and toilet users in each of four
stages needed for the calculation. We clarified the ratios of the number of toilet users in
each gender for the estimated numbers of passengers of male and female.
   At next, we showed the conditions of fixture usage. We analyzed the relationships
between the number of toilet users and that of fixture users in male and female.
   Then we showed the numbers of male toilet users are estimated by those of users in
urinal, and those of female toilet users are estimated by users in lavatory. On the basis of
the estimated numbers, we analyzed the relationships between the number of toilet users
and that of lavatory users in each gender. Lastly, we showed the duration time of
occupancy in the fixtures.

.H\ZRUGV

Toilet of railway station; Fixture requirement; Toilet users; Fixture users; Behavior in
toilet; Duration time of fixture occupancy
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,QWURGXFWLRQ

   In East Japan Railway Co., surveys on many stations are carried out with until now
various purposes, and the results are accumulated. From those survey results,
characteristics of the utilization in the station toilet are clarified, and the proposal of
calculating method of fixtures requirements of the new station toilets based on them has
be made to be a purpose of this study. Still, present method is based on research value
40 years ago[1].
   In this paper, the relationships between passengers getting on and off and users of the
station toilet are clarified, and the number of toilet users is calculated according to time
zone and male and female from the number of passengers including transfers as a basis
of the station toilet utilization. In the after, results of analysis of the toilets in Tokyo 5
stations are shown on frequency and occupancy time of male and female fixtures usage
actions after the toilets arrival. The following, East Japan Railway Co. are abbreviated
with "JR".

��2XWOLQHV�RI�WKH�LQYHVW LJDWHG�VWDWLRQV

   The outlines of investigated 5 stations is shown at Table 1.
   Taking the scale of the toilets in these 5 stations as Table 2, the fixtures layouts are
shown in Figure 1. K station is located for the metropolitan suburb line, and there are
universities and housing lands near, and there are much utilization of students and
housewives in the daytime. S,U stations are together located in the metropolitan loop
line. There is S station in the large scale commercial district with many stores for the
youth. U station is a terminal station of JR long distance train, and there are art galleries
and museums, concert halls, parks, etc. T,J stations are enormous terminal stations of
the metropolitan loop line.

7DEOH����7KH�RXWOLQHV�RI�LQYHVWLJDWHG�VWDWLRQV

7DEOH����7KH�QXPEHU�RI�IL[WXUHV�LQVWDOOHG�LQ�WKH�LQYHVWLJDWHG�WRLOHWV

 K  S  U  T  J 

 Number of passengers (10000 persons/day) 25 58 48 101 86

 Wicket - 1 2 -

3 4 4 12 8

 Interconnect line - - 1 2 -

1 2 6 8 4

1 3 1 - 3

- 2 2 1 2

Station name

 Private railway (except JR)

 Subway

 New trunk line wicket

 Conventional railway line wicket

 New trunk line

 JR line

 Sta t ion  name  K  S  U  T  J  
 Male water  closet  6 6 4 6 6
 Male ur ina l 8 11 18 13 12
 Male lava tory 4 3 4 4 4
 Female water  closet 7 6 6 10 7
 Female lava tory 5 3 6 7 8
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)LJXUH����/D\RXW�RI�WKH�IL[WXUHV�LQ�WKH�LQYHVWLJDWHG�PDOH�DQG�IHPDOH�WRLOHWV
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��7KH�DQDO\VHG�GDWD

   In this paper, next 5 survey results were used.
1). The field study report of toilet utilization in 1993 and 1995.
   This report analyzed each situation of toilet utilization, fixture usage and flush valve
use to obtain water consumption in the toilets when the water conservation type fixtures
are installed. In the following, name is abbreviated with "toilets survey".
2). The investigated report of passengers’ flow in U station in 1985.
   For the purpose of future planning in U station, this report investigated the
passengers’ flow on the premises. In the following, name is abbreviated with "flow
survey".
3). JR transportation advertising data book, 10000 persons survey data in 1995.
   For the purpose of effectiveness verification of the JR transit as advertising medium,
this data book was made the inhabitant of urban area. In survey for the utilization of the
station, the following are shown for main 28 stations: 1-week utilization ratio, 1-week
average utilization frequency of passengers in each station, etc. In the following, name
is abbreviated with "10000 persons survey".
4). The hourly change of the number of passengers getting and off in each ticket
classification in the automatic wicket of the JR loop line in 1993.
   The purpose of this survey is to grasp the time variation patterns of the number of
passengers in each wicket every station in JR loop line. In the following, name is
abbreviated with "loop line survey".
5). The hourly change of the number of passengers getting on and off in each ticket
classification in the automatic wicket of the JR 5 suburb lines in 1993.
The purpose of this survey is equal to 4). In the following, name is abbreviated with
"suburb line survey".

��7KH�QXPEHU�RI�SDVVHQJHUV�DQG�WKH�QXPEHU�RI�WRLOHW�XVHUV

����7KH�KRXUO\�FKDQJH�RI�WKH �QXPEHU�RI�SDVVHQJHUV�DQG�WKH�QXPEHU�RI�WRLOHW�XVHUV

The change of 1 day of the number of passengers from the first train to the last train and
the number of toilet users is shown in Figure 2 on weekday (Friday) and holiday
(Sunday) in case of K,S,U stations from the data of "toilets survey" . However, the
results of "suburb line survey" were used for the insufficient data. Though from the
Figure, there are peaks in the fluctuation of the number of weekday passengers in
morning and evening, in the holiday such peaks are not recognized. It is proven that the
change of toilet users corresponds with the change of passengers in the holiday
approximately, though it does not deal with the weekday . In comparison with weekday
and holiday, it seems to be the validness to study on the weekday when the congestion
of the time zone of toilet utilization is considered.
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)LJXUH����7KH�QXPEHU�RI�SDVVHQJHUV�DQG�WKH�QXPEHU�RI�WRLOHW�XVHUV

����7KH�KRXUO\�FKDQJH�RI�WRL OHW�XWLOL]DWLRQ�UDWLR
   The proportion of the number of toilet users for the number of passengers in any fixed
time is made to be toilet utilization ratio (%). The weekday mean values of S,K stations
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become 3.9% (male : 2.9 % female : 1.0 %) and 3.2% (male : 2.3 % female : 0.9 %)
respectively. And, it is proven that every station also shows the proportion which the
holiday is higher than that of the weekday. The change of the toilet utilization ratio on
Friday in every 1-hour is shown in Figure 3.
   Though the value of U station is high, 3 stations also show the similar tendency on the
weekday toilet utilization ratio on the hourly change. The toilet utilization ratio is
divided into 5 stages like the following, when this tendency and the number of
passengers of Figure 2 are considered.
 1) To 6 o’clock in the morning in which the part with the big change exists
 2) The peak hour in the morning in which toilet utilization ratio is small
 3) The time zone in the daytime between peaks morning and evening with small
changes
 4) The peak hour in the evening in which toilet utilization ratio is bigger than peak hour
in the morning
 5) After the peak hour in the evening in which male toilet utilization ratio rises
   To 6 o’clock in the morning, we also exclude this time zone from the calculation of
the number of fixtures, because the number of passengers and the number of toilet users
are little, .
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����7KH�DQDO\VLV�RI�WRLOHW�XWLO L]DWLRQ�UDWLR�EDVHG�RQ�8�VWDWLRQ��IORZ�VXUYH\�
   The number (removing transfers) of passengers was used for the calculation of fixture
requirement in present JR. According to the number, the above mentioned toilet
utilization ratio was calculated. However, it is necessary that transfers in premises are
analyzed as the object of the number of toilet users, if it is judged from toilet utilization
ratios of K,S stations without transfers and U station with many transfers. Therefore the
effect of the number of transfers was analyzed using data for investigation of "flow
survey" because "toilets survey" was not carried out for the measurement of the number
of transfers. The number of passengers, the number of toilet users and the value of toilet
utilization ratio from 7 o’clock for 12 hours are shown in Table 3 on 3 stations and U
station of "flow survey". The value of U station shows 5.0% (male : 3.9 %, female : 1.1
%), if it is calculated in all passage persons of this area including transfers. It becomes a
value of the level which is almost equal to K,S stations. Therefore, the necessity of
taking account of transfer as toilet users is proven.

7DEOH����7KH�QXPEHU�RI�SDVVHQJHUV��WKH�QXPEHU�RI�WRLOHW�XVHUV�DQG�WRLOHW
XWLOL]DWLRQ�UDWLRV�IRU����KRXUV

����7KH�QXPEHU�RI�SDVVHQJHUV�DQG�WKH�QXPEHU�RI�WRLOHW�XVHUV
   The relationships between the number of passengers and the number of toilet users,
they become a basis in calculation of fixtures requirements according to male and
female, are shown in Figure 4. Still, U station used the data of "flow survey" (Tuesday).
Gradient “a” in the figure shows toilet utilization ratio in each time zone. On the peak
hours in the morning and evening, the following differences occur: male (1.64%,
2.88%), female (0.67%, 0.87%). Still, “r” in the figure shows the product moment
correlation coefficient of Pearson on the number of passengers and the number of toilet
users.

����(VWLPDWLRQ�RI�WKH�QXPEHU�RI�SDVVHQJHUV�DQG�WKH�QXPEHU�RI�WRLOHW�XVHUV
DFFRUGLQJ�WR�PDOH�DQG�IHPDOH
   Ratio of male to female for the number of passengers used until now is uncertain.
Then, the number of respondents according to male and female of every station and the
proportion of commuter pass and daily ticket utilization were analyzed using "10000
persons survey". Using "loop line survey" and "suburb line survey", the numbers of
passengers using commuter pass and daily ticket in each time zone were obtained.
Afterwards, by multiplying of these values, the numbers of male and female passengers
in each time zone were calculated for every station.
   Using the number of male and female passengers in each time zone, Figure 5 shows
the relationship between the number of passengers and the numbers of toilet users

 Item  K station  S station  U station  U station 
 Number of passenger (persons) 194839 192224 58480 264446

 Male  Number of toilet users (persons) 3693 4528 6209 10268
 Toilet utilization ratio (%) 1.90 2.36 10.62 3.88

 Female  Number of toilet users (persons) 1628 1888 1489 3032
 Toilet utilization ratio(%) 0.84 0.98 2.55 1.15

(flow survey)
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according to male and female. The peak of utilization ratio in the male toilets is
different by the time. In 7 o’clock, 17 o’clock and 20 o’clock, the tendency of the
utilization ratio which rises with 2.6, 4.9 and 7.9% can read. In the female toilets, it is
proven that the utilization ratio is constant with around 2%.
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��7RLOHW�XWLOLVDWLRQ�DQG �IL[WXUHV�XVDJH

����7KH�QXPEHU�RI�WRLOHW�XVHUV�DQG�WKH�QXPEHU�RI�ZDWHU�FORVHW�XVHUV
   By grouping the hourly change of the number of toilet users in the weekday (Friday)
of K,S,U stations and the number of water closet users into male toilet and female toilet,
it is shown in Figure 6. In the figure, the numbers of fixture users deal with the
fluctuations of toilet users. The peak exists on the number of users for male water closet
in the morning, and it is proven to decrease with the progress in the time gradually.
   The peak of water closet usage in the morning has been recognized in ordinary homes.
There is a peak in this morning from the peak of toilet users before 1 hour. The number
of male urinal users increases in proportion to that of toilet users, and it increases with
the progress in the time. Though the fluctuation of toilet users and water closet users in
female are correspondent, some cases are also recognized the difference in the number
of toilet users and the number of the water closet users. Though the difference of this
toilet users and water closet users is not as female toilets, it exists in male toilets. This
difference shows that there are toilet users who use only lavatory. The above matter
shows that usage ratio of water closet differs by the time zone. Then, the relationship
between the number of toilet users and the number of each water closet users was
analyzed. It is Figure 7 that each relation was shown by the number of toilet users and
that of each water closet users in peak hour and non-peak hour. From the figure, the
male urinal usage ratio increases from the morning to the night, and it is proven that the
fluctuations are little. Though the high value of water closet usage ratio is shown in the
morning, and it lowers afterwards, the usage ratio fluctuates a little except for the peak
hour. From the above fact, it is possible to estimate the number of the users by using
these regression coefficients with the number of these urinal users, when the number of
male toilet users is uncertain. The lowest regression coefficient of 0.493 in female toilet
in the peak hour in the morning is shown, and the usage ratio fluctuates. The usage ratio
in the time zone of the others is about 0.7. And, the number of water closet users for the
users of female toilet is less than that of male toilet. It seems to be a ratio that the users
only using lavatory in female toilet are more than that in male toilet.
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)LJXUH���7KH�QXPEHU�RI�WRLOHW�XVHUV�DQG�WKH�QXPEHU�RI�ZDWHU�FORVHW�XVHUV
�ZHHNGD\�
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����/DYDWRU\�XVDJH�
   The lavatory usage ratio (proportion of the number of lavatory users for the number of
toilet users) is decided in order to enable the calculation of the recommended number of
the lavatory installed.

4.2.1 Estimation of the number of toilet users.
   It is T,J stations that the number of lavatory users is clarified. However, it is not
possible to calculate the lavatory usage ratio because the numbers of toilet users in the
stations were not measured. First therefore, the estimation method of the number of
toilet users per hour in the 2 stations is analyzed.
   It was explained in 5.1 that the estimation of the number of male toilet  users was
possible using the regression coefficient in Figure 7 in respect of the number of urinal
users, when the number of the male toilet users is uncertain. With this, the uncertain
numbers of toilet users in the 2 stations were calculated using the number of these male
urinal users.
   In the female toilets, it was mentioned before that the number of water closet users is
less than the number of toilet users because of high ratio using lavatory only. The values
of washing hand ratio (the number of lavatory users/ the number of water closet) in T,J
stations shown in Figure 8 are confirmed this, because male is around 0.5, female over
1. From the transition of this washing hand ratio, all the members of the female toilet
users seem to use almost lavatory. Therefore, it is possible to estimate the number by
substitute using the number of lavatory users, when the number of female toilet users is
uncertain.

)LJXUH���7KH�ZDVKLQJ�KDQG�UDWLR��7��-�VWDWLRQV�

������/DYDWRU\�XVDJH�UDWLR�
   Hourly lavatory usage ratios of T,J stations were obtained, after the validity of the
estimation method of the number of toilet users was analyzed by using all data of the 5
stations.
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   In Table 4, calculated values and setting values are respectively shown on each fixture
usage ratio of the 5 stations. The setting values are shown in the double line frame, and
the calculated values are shown in the bold line frame. At male urinal usage ratio of the
table, the value of S station, which was just alike in having the downtown, was used in J
station. Since there is no station, which is alike in the number of water closet, etc., it
was set at T station referring to “a” value in Figure 7. Then, the usage ratios of male
water closet and male lavatory of T,J stations were calculated by the number of toilet
users calculated from male urinal usage ratio. On the male lavatory usage ratios of
K,S,U stations, the value of the J station was applied to S station and K station with the
similarity points a little, and the value of T station was applied to U station because both
stations resemble each other in the number of lavatory installed and the conditions
around station. The female water closet usage ratios of T,J stations were calculated with
the value 1.00 for the female lavatory usage ratio. In Figure 9, the relationships between
the number of male toilet users and the number of lavatory users in T,J stations
calculated using the regression coefficient of urinal usage ratio in each time zone shown
in Figure 7 are clarified.  The letters “a” and “r” in the figure are similar to Figure 7. By
using this regression coefficient “a”, it becomes the washing hand ratio in each time
zone can calculate.

���7DEOH���&DOFXODWLRQ�UHVXOWV�RI�WKH�IL[WXUHV�XVDJH�UDWLRV

 Male water  closet  Male u r ina l  Male lava tory Female water  closet  Female lava tory 

 K st a t ion   Whole 0.098 0.663 0.276 0.613 1.00

 Satu rday, Sunday 0.096 0.662 0.296 0.628 1.00

 Monday, Fr iday 0.100 0.664 0.270 0.600 1.00

 S st a t ion   Whole 0.095 0.694 0.276 0.613 1.00

 Satu rday, Sunday 0.101 0.688 0.296 0.605 1.00

 Monday, Fr iday 0.090 0.698 0.270 0.622 1.00

 U sta t ion  Whole 0.059 0.838 0.333 0.846 1.00

 Satu rday, Sunday 0.064 0.819 0.355 0.868 1.00

 Monday, Fr iday 0.056 0.852 0.326 0.820 1.00

 T sta t ion  Whole 0.084 0.750 0.333 0.848 1.00

 Satu rday, Sunday 0.101 0.750 0.355 0.961 1.00

 Monday-Fr iday 0.079 0.750 0.326 0.805 1.00

 J  sta t ion  whole 0.102 0.694 0.276 0.603 1.00

 Satu rday, Sunday 0.116 0.688 0.296 0.748 1.00

 Monday-Fr iday 0.097 0.698 0.270 0.545 1.00

0.116 0.852 0.355 0.961 1.00

0.056 0.662 0.270 0.545 1.00

 Set t ing va lues  Calcu la ted va lues 

 Maximum value 

 Min imum value 
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��'XUDWLRQ�WLPH�RI�RFFXSDQF\�LQ�IL[WXUHV

����7KH�FKDQJH�RI�WKH�RFFXSDQF\�WLPHV�LQ�IL[WXUHV
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   Water closet occupancy times in the 5
stations are shown in Figure 10. Lavatory occupancy times in the 2 stations are shown in Figure11.
Figure10-Water closet occupancy times
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   In the whole, there is a decline in the occupancy time with the progress in the time,
and the tendency of male water closet, female water closet, male and female lavatory
becomes small in order. However, in male urinal, there is hardly the change. Still, the
occupancy times in Saturday and Sunday had also done the similar change, and large
change by day of week could not be recognized. The fluctuation of the mean values in
occupancy time is small in male urinal, and is large in male water closet. It seems to be
also receiving the effect of the number of users per hour. The statistic of fixture
occupancy time in peak hour of every station is shown in Table 5 in order to clarify the
tendency of occupancy time in the morning and evening. The lavatory uses only the
data of T,J stations.

7DEOH���'XUDWLRQ�WLPH�RI�RFFXSDQF\�LQ�IL[WXUHV��VHF��

����7KH�GLVWULEXWLRQ�LQ�WKH�RFFXSDQF\�WLPH
   In Figure 12, the cumulative frequency distributions of the occupancy time in each
fixture are shown. Water closet and lavatory can be approximated to the Erlang
distribution and Hyper-exponential distribution respectively. From this, fixture
occupancy time can be decided according to the random number in the simulation of
toilet utilization. By arranging above cases, the average occupancy times and the
distributions of each fixture for the calculation are shown in Table 6. Using the present
totaling values, "setting values"  shown in upper column of the table were decided for
the calculation. The values decided by Uehara and Saito[1] is shown at the lower
column.

 Station
name  Morning  Evening  Morning  Evening  Morning  Evening  Morning  Evening  Morning  Evening 

 Mean value 271.7 213.4 39.9 38.4 148.2 113.4 14.6 10.4 24.2 20.1
 Whole  Standard deviation 149.4 222.6 24.2 20.6 106.1 88.1 23.9 18.3 47.5 42.6

 Maximum value 1274 1668 785 293 1129 1052 291 225 532 661
 Minimum value 10 11 5 5 10 10 1 1 1 1
 Number of users 455 367 1885 3428 980 954 618 618 1110 857
 Mean value 271.7 224.5 37.8 35.0 173.7 142.5 - - - -
 Standard deviation 141.6 235.2 15.8 14.1 139.9 132.5 - - - -
 Maximum value 716 1314 101 103 1129 1052 - - - -
 Minimum value 65 18 9 5 12 29 - - - -
 Number of users 102 71 242 630 153 170 - - - -
 Mean value 317.4 185.3 40.2 35.4 169.7 - - - - -
 Standard deviation 162.4 171.9 44.6 16.0 106.7 - - - - -
 Maximum value 991 959 785 167 584 - - - - -
 Minimum value 20 19 6 5 13 - - - - -
 Number of users 90 86 328 744 117 - - - - -
 Mean value 240.3 187.7 39.0 36.5 148.3 105.7 - - - -
 Standard deviation 97.5 128.1 16.0 14.8 84.5 54.0 - - - -
 Maximum value 524 553 116 135 502 395 - - - -
 Minimum value 10 21 8 7 12 12 - - - -
 Number of users 64 54 595 825 144 224 - - - -
 Mean value 269.8 305.7 40.4 39.3 129.2 101.6 17.6 7.6 24.9 16.7
 Standard deviation 140.7 283.1 17.0 19.3 87.7 71.6 24.3 11.7 49.1 27.4
 Maximum value 678 1477 125 160 649 675 217 102 532 219
 Minimum value 17 43 5 5 10 10 3 1 1 1
 Number of users 63 52 330 635 405 327 259 303 658 403
 Mean value 257.1 196.3 41.9 47.2 155.7 116.0 12.4 13.1 23.1 23.1
 Standard deviation 162.6 241.6 18.7 33.3 117.9 90.0 23.4 22.6 45.1 52.4
 Maximum value 1274 1668 165 293 902 807 291 225 524 661
 Minimum value 28 11 5 5 12 12 1 1 1 1
 Number of users 136 104 390 594 161 233 359 315 452 454
(Morning:7.00 9.00 Evning:17:30-19:30)

 Item 
 Female water closet  Male lavatory  Female lavatory  Male water closet   Male ur inal 
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�)LJXUH�����7KH�FXPXODWLYH�IUHTXHQF\�GLVWULEXWLRQV

�7DEOH���7KH�DYHUDJH�RFFXSDQF\�WLPH�DQG�WKH�GLVWULEXWLRQV�RI�HDFK�IL[WXUH�IRU�WKH
FDOFXODWLRQ
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��&RQFOXVLRQ

   At first, we showed the sequential changes of the numbers of passengers and toilet
users in each hour through a day. The ratio of toilet users for the passengers has five
stages in a day. On the basis of the analysis of the U station including the people of
transfer, the number of transfers has to be considered as a factor of the calculating
method of fixture requirements for railway stations. We showed the relationships
between the passengers included the people of transfer and toilet users in each of four
stages needed for the calculation. We clarified the ratios of the number of toilet users in
each gender for the estimated numbers of passengers of male and female.
   At next, we showed the conditions of fixture usage. We analyzed the relationships
between the number of toilet users and that of fixture users in male and female.
   Then we showed the numbers of male toilet users are estimated by those of users in
urinal, and those of female toilet users are estimated by users in lavatory. On the basis of
the estimated numbers, we analyzed the relationships between the number of toilet users
and that of lavatory users in each gender. Lastly, we showed the duration time of
occupancy in the fixtures.
   This paper was composed the references [2][3].
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7KH�1HZ�&DOFXODWLQJ�0HWKRG�RI�)L[WXUH
5HTXLUHPHQWV�IRU�5DLOZD\�6WDWLRQ�7RLOHW

$�VWXG\�RQ�WKH�FDOFXODWLQJ�PHWKRG�RI�IL[WXUH
UHTXLUHPHQWV�IRU�UDLOZD\�VWDWLRQV��3DUW��
6��085$.$:$��.��6$.$8(��<��.26+,.$:$��<��7$.$78�
<�1$.$*$:$

$EVWUDFW

   In the first paper[1], we showed the results of analyses on the passengers and their
behaviors of toilet utilization in the East Japan Railway stations. In this paper, as part
two, we showed the new calculating method of fixture requirements for railway stations
based on the analyses of fixture usage.
   The main contents are as follows;
   We showed the calculating method and the calculating conditions by simulation. The
arrival patterns to each fixture in the toilet were set up from the investigated values.
Also, the duration time of occupancy and the service level of waiting time were shown
in each fixture. The maximum permissible waiting time in each fixture was set up from
the questionnaire survey [2]on the opinions of toilet utilization in buildings. The Monte
Carlo simulation method was applied for the calculation of fixture requirements based
on these calculating conditions. The numbers of fixture requirements were shown on the
relation of arrival rates in each fixture. The calculating results were compared with the
existing fixture numbers of the investigated five stations of the East Japan Railway.

.H\ZRUGV

Toilet of railway station; Fixture requirement; Toilet users; Fixture users; Behavior in
toilet; Duration time of fixture occupancy
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��,QWURGXFWLRQ

    East Japan Railway Co. has done many researches including the stations toilet until
now. From those survey results, the utilization of the station toilet is clarified, and the
proposal of the calculating method of the fixture requirements in the station toilet based
on them has been made to be a purpose of this study.
   In this paper, toilet arrival patterns for each fixture were set by using values clarified
in the previous paper. Afterwards, the queuing conditions according to the number of
each fixture were calculated by the simulation technique. In addition, the figures to
calculate the number of fixtures, which satisfied the permissible queuing time for every
arrival rate, were made. The permissible queuing times were set from the past research
values. Then, the recommended numbers of fixtures for the arrival rate in the toilets of
JR 5 stations were obtained using the calculating figure s. Finally, the validity of
calculating method of fixture requirements using the calculating figures was verified in
comparison with the existing number of fixtures in the 5 stations.

��1HZ�FDOFXODWLRQ�RI�WKH�QXPEHU�RI�IL[WXUHV�LQ�VWDWLRQ�WRLOHWV

   Authors propose the new calculating method of fixture requirements in station toilets
evaluated by the permissible queuing times that are simulated with the different queuing
conditions. The calculating procedure on each fixture is following. The kinds of fixtures
for calculation are the 5 types. They are male water closet, male urinal, male lavatory,
female water closet and female lavatory.
 1) The calculation of queuing conditions according to each fixture arrival rate and the
each number of fixture
 2) The calculation of the recommended number of fixtures in each arrival rate using the
permissible maximum queuing time as an evaluation index.
 3) The analysis of the existing number of fixtures in station toilets using the proposed
new calculating figures.
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��&DOFXODWLRQ�RI�TXHXLQJ�FRQGLWLRQV�DFFRUGLQJ�WR�HDFK�IL[WXUH�DUULYDO
UDWH�DQG�HDFK�QXPEHU�RI�IL[WXUHV�XVLQJ�WKH�VLPXODWLRQ

����&DOFXODWLQJ�FRQGLWLRQV

3.1.1 Arrival patterns and opera tion time for simulation
���)LUVW��DUULYDO�FKDUDFWHULVWLFV�RI�WKH�WRLOHW�XVHUV�ZHUH�DQDO\]HG��DQG�WKH
DUULYDO�SDWWHUQV�ZHUH�GHFLGHG�IRU�WKH�WRLOHW�XVHUV�LQ�WKH�VLPXODWLRQ�
���,W� LV� FRQVLGHUHG� WKDW� WKH� WRLOHW� DUULYDO� SDWWHUQ� RI� WKH�XVHUV� LV� DOPRVW
HTXDO�WR�WKH�DUULYDO�SDWWHUQ�RI�XVHUV�WR�IL[WXUH�LQ�WKH�VWDWLRQ�WRLOHW�
���7KH�DUULYDO�UDWH��SHUVRQV�PLQ���WR�WKH�PDOH�WRLOHW�LQ�SHDN�KRXU�LQ�WKH
PRUQLQJ� RI� .� VWDWLRQ� LV� VKRZQ� LQ� )LJXUH� ��� ,W� LV� ���������PLQXWHV� LQ
RUGHU�RI�WKH�WRWDOLQJ�WLPH�LQWHUYDO�LQ�WKH�ILJXUH��2WKHU�PDOH�DQG�IHPDOH
WRLOHWV� DOVR� VKRZ� WKH� VLPLODU� FKDQJHV�� 7KH� FKDQJH� RI� WKH� QXPEHU� RI
DUULYDO� SHUVRQV� GHFUHDVHV�� LI� WKH� ZLGWK� LQ� WKH� WLPH� LQWHUYDO� LQFUHDVHV�
DQG� WKH� FKDQJH� LV� VPRRWKHG�� 7KRXJK� WKHUH� LV� WKH� SHULRGLFLW\� LQ� WKH
FKDQJH�RI�WKH�QXPEHU�RI�DUULYDO�SHUVRQV��WKH�SHULRG�VHHPV�WR�EH�DURXQG
��PLQXWHV��EHFDXVH�LW�IODWWHQV�LQ����PLQXWHV�DOPRVW�
���7KH�PD[LPXP�DUULYDO�UDWH�LQ�HDFK�WLPH�LQWHUYDO�LV�VKRZQ�LQ�)LJXUH���
7KLV� PD[LPXP� DUULYDO� UDWH� FRQYHUWV� DQG� REWDLQV� WKH� QXPEHU� RI� WKH
PD[LPXP�DUULYDO�SHUVRQV� LQ�VHW� WLPH� LQWR� WKH�QXPEHU�RI�SHUVRQV�RI��
PLQXWH�� $W� WKH�PD[LPXP� DUULYDO� UDWH�� WKH� ���PLQXWHV� YDOXH� EHFRPHV
DERXW������WLPHV�RI�WKH����PLQXWHV�YDOXH�����PLQXWHV�YDOXH�IRU�WKH���
PLQXWHV�YDOXH�EHFRPHV�DERXW�����WLPHV��DQG���PLQXWHV�YDOXH�EHFRPHV
DERXW�����WLPHV��7KH�DOPRVW�IL[HG�YDOXH�RYHU�VHWWLQJ�LQWHUYDO���PLQXWHV
LV�VKRZQ�
���7KH� IUHTXHQF\� GLVWULEXWLRQV� RI� DUULYDO� UDWH� UHTXLUHG� LQ� WKH� ��PLQXWH
DYHUDJH�DUH�VKRZQ� LQ�)LJXUH����7KH�3RLVVRQ�GLVWULEXWLRQV� LQ� WKH� ILJXUH
ZHUH�FDOFXODWHG�IURP�DYHUDJH�DUULYDO�UDWHV�IRU����PLQXWHV��7KH�QXPEHU
RI�DUULYDO�SHUVRQV�LV�VLPLODU�WR�WKH�3RLVVRQ�GLVWULEXWLRQ��WKRXJK�WKHUH�LV
WKH� ZDY\� FRQFHQWUDWLRQ� RQ� WKH� DUULYDO� LQ� WKH� VKRUW� WLPH� LQ� DERXW� �
PLQXWHV�� ,W� LV� SURYHQ� WKDW� WKHUH� LV� WKH� UDQGRPQHVV� LQ� WKH� QXPEHU� RI
DUULYDO�SHUVRQV·�DSSHDUDQFH��%\�WKLV��LW�FDQ�EH�VDLG�WKDW�WRLOHW�XWLOL]DWLRQ
VLPXODWLRQ�E\�WKH�UDQGRP�QXPEHU�JHQHUDWLRQ�XVLQJ�WKH�DUULYDO�PRGHO�LV
SRVVLEOH�
���,Q� )LJXUH� ��� WKH� FKDQJH� RI� DUULYDO� UDWH� E\� WKH� UDQGRP� QXPEHU
JHQHUDWLRQ� LV�VKRZQ�E\� WKH�VDPH�FRQGLWLRQ�ZLWK�)LJXUH���� ,W� LV�SURYHQ
WKDW� WKH� DOPRVW� VDPH� DUULYDO� SDWWHUQ� ZLWK� )LJXUH� �� KDV� EHHQ
UHSURGXFHG�
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3.1.2 Fixture arrival rate
���7KH�IL[WXUH�DUULYDO�UDWH�LV�FDOFXODWHG�IURP�WKH�QXPEHU�RI�IL[WXUH�XVHUV�
ZKLFK�PXOWLSOLHG�WKH�QXPEHU�RI�WRLOHW�XVHUV�SHU�XQLW�WLPH�E\�WKH�IL[WXUH
XVDJH�UDWLR�
���:KHQ� WKH� QXPEHU� RI� WRLOHW� XVHUV� LV� XQFHUWDLQ�� LW� LV� FDOFXODWHG� E\
PXOWLSO\LQJ� WKH� QXPEHUV� RI� SDVVHQJHUV� DQG� WKH� WRLOHW� XWLOL]DWLRQ� UDWLR
VKRZQ�LQ�7DEOH���WRJHWKHU��7KHVH�YDOXHV�DUH�EHLQJ�REWDLQHG�IURP�)LJXUH
���7KH�QXPEHU�RI�PDOH�DQG�IHPDOH�SDVVHQJHUV�DQG�WKH�QXPEHUV�RI�WRLOHW
XVHUV��LQ�WKH�SUHYLRXV�SDSHU�
���3HDN�KRXU�RI�WKH�WRLOHW�XWLOL]DWLRQ�LV�PDGH�WR�EH� WKH�WLPH�]RQH�RI� WKH
TXHXLQJ�WLPH�FDOFXODWLRQ�E\�WKH�VLPXODWLRQ�
���7DEOH� �� DQG� 7DEOH� �� VKRZ� WKH� SHDN� KRXU� IRU� WKH� QXPEHUV� RI� WRLOHW
XVHUV�DQG� WKH�QXPEHU�RI� IL[WXUH�XVHUV� UHVSHFWLYHO\��)URP�7DEOH���� WKH
WHQGHQF\� LQ� ZKLFK� LW� KDV� IURP� WKH� HYHQLQJ� WR� WKH� QLJKW� IRU�PDOH� DQG
IURP�WKH�PRUQLQJ�WR�WKH�HYHQLQJ�IRU�IHPDOH�LV�SURYHQ�RQ�WKH�SHDN�RI�WKH
QXPEHUV� RI� WRLOHW� XVHUV�� 7KLV� GRHV� QRW� DJUHH� ZLWK� WKH� SHDN� RI� WKH
QXPEHU�RI�SDVVHQJHUV�
���$QG��IURP�7DEOH����LW�LV�VKLIWHG�IURP�WKH�SHDN�RI�WRLOHW�XWLOL]DWLRQ�DQG
WKH�SHDN�RI� WKH� IL[WXUH�XVDJH��DQG�HVSHFLDOO\� WKHUH� LV�GLIIHUHQFH�RQ� WKH
SHDN� RI�PDOH�ZDWHU� FORVHW�� 7KHUHIRUH�� WKH� SHDN� RI� IL[WXUH� XVDJH� LV� QRW
FRUUHVSRQGHQW�WR�WKH�IOXFWXDWLRQ�RI�WKH�QXPEHUV�RI�SDVVHQJHUV�DQG�WKH
QXPEHUV�RI� WRLOHW�XVHUV��7KHQ�� LW� IL[HV�DV�SHDN�KRXU�DFFRUGLQJ� WR�HDFK
IL[WXUH�� DQG� WKH� FDOFXODWLQJ� FRQGLWLRQV� RI� WKH� VLPXODWLRQ�� ZKLFK� FDQ
FRUUHVSRQG�LQ�WKH�WLPH�]RQH�DUH�VHW��7KH�IL[WXUH�XVDJH�UDWLR�LV�VKRZQ�LQ
7DEOH� ��� 7KH� YDOXH� RI� 7DEOH� �� LV� EHLQJ� REWDLQHG� IURP� )LJXUH� �� �7KH
QXPEHU�RI�PDOH�DQG�IHPDOH�WRLOHW�XVHUV�DQG�WKH�QXPEHU�RI�HDFK�ZDWHU
FORVHW� XVHUV�� DQG� )LJXUH� �� �7KH� QXPEHU� RI� PDOH� WRLOHW� XVHUV� DQG� WKH
QXPEHU�RI�ODYDWRU\�XVHUV��LQ�WKH�SUHYLRXV�SDSHU�
���6LQFH� WKHQ�� WKH� FRQGLWLRQV� RI� WKH� VLPXODWLRQ� DUH� DQDO\]HG� IRU� WKHVH
WLPH�]RQHV�

7DEOH���7RLOHW�XWLOL]DWLRQ�UDWLRV�RI�PDOH�DQG�IHPDOH�SDVVHQJHUV

Peak hour Men Women
Morning :7-10 2.56 1.95
Evening :17-20 4.90 2.08
Night  :20-24 7.85 2.42
Except  peak hours 6.58 3.46
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7DEOH���7KH�QXPEHUV�RI�WRLOHW�XVHUV�LQ�WKH�SHDN�KRXU

1RWH�

���7KH�VXUYH\�GDWH��.�VWDWLRQ����WK�����UG��-DQ���6�VWDWLRQ����WK�����WK��-DQ���8�VWDWLRQ���UG����WK��)HE��LQ
����
����SHUVRQV�GD\���WKH�QXPEHU�RI�XVHUV�IURP�WKH�ILUVW�WUDLQ�WR�WKH�ODVW�WUDLQ�LQ�VXUYH\�GD\
��� �SHUVRQV�KRXU��� WKH� QXPEHU� RI� XVHUV� SHU� KRXU�� 7KH� GXUDWLRQ� KRXU� LV� WKH� DFWLYLW\� KRXU� �������� RI� WKH
VWDWLRQ�
���3HDN�KRXU������WKH�SURSRUWLRQ�RI�WKH�QXPEHU�LQ�WKH�SHDN�KRXU�IRU�WKH�QXPEHU�RI�XVHUV�SHU�GD\�
���3HDN�UDWLR��WKH�UDWH�RI�WKH�QXPEHU�LQ�WKH�SHDN�KRXU�IRU�WKH�DYHUDJH�QXPEHU�RI�XVHUV�SHU�KRXU

7DEOH���(DFK�IL[WXUH�XVDJH�LQ�WKH�SHDN�KRXU

1RWH��7KH�UHVHDUFK�GDWH�LV�VDPH�IRU�7DEOH��

7DEOH���)L[WXUH�XVDJH�UDWLR�RI�PDOH�DQG�IHPDOH�WRLOHW�XVHUV����

Peak hour Peak hour

(persons/day) (persons/hour) (persons/hour)
K station Friday 6185 343,6 493 7,97 1,43 18 o’clock
Men Monday 5195 288,6 458 8,82 1,59 17 o’clock
S station Friday 7376 409,8 607 8,23 1,48 18 o’clock
Men Monday 6452 358,4 497 7,70 1,39 17 o’clock
U station Friday 10346 574,8 930 8,99 1,62 20 o’clock
Men Monday 8740 485,6 739 8,46 1,52 20 o’clock
K station Friday 2359 131,1 201 8,52 1,53 08 o’clock
Women Monday 1975 109,7 190 9,62 1,73 15 o’clock
S station Friday 2569 142,7 233 9,07 1,63 08 o’clock
Women Monday 2258 125,4 235 10,41 1,87 08 o’clock
U station Friday 1963 109,1 153 7,79 1,40 17 o’clock
Women Monday 1829 101,6 149 8,15 1,47 10 o’clock

Date
Number of toilet users

Peak ratio Peak time zone

Number of Peak hour Peak hour Peak Peak Arrival rate
fixtures (persons/hour) (persons/hour) ratio time zone (persons/min.) 

Men K station 6 Mon. 526 29,2 65 12,36 2,22 08 o’clock 1,08
water closet S station 6 Mon. 683 37,9 61 8,93 1,61 07 o’clock 1,02

U station 4 Mon. 469 26,1 48 10,23 1,84 07 o’clock 0,80
T station 6 Fri. 956 53,1 74 7,74 1,39 08 o’clock 1,23
J station 6 Sun. 944 52,4 65 6,89 1,24 08 o’clock 1,08

Men K station 8 Fri. 3951 219,5 318 8,05 1,45 20 o’clock 5,30
urinal S station 11 Fri. 4500 250,0 381 8,47 1,52 17 o’clock 6,35

U station 18 Fri. 8680 482,2 786 9,06 1,63 20 o’clock 13,10
T station 13 tree 8168 453,8 740 9,06 1,63 20 o’clock 12,33
J station 12 Fri. 7619 423,3 594 7,80 1,40 19 o’clock 9,90

Men T station 4 Fri. 4377 243,2 311 7,11 1,28 22 o’clock 5,18
lavatory J station 4 Mon. 2966 164,8 224 7,55 1,36 22 o’clock 3,73
Women K station 7 Fri. 1387 * 77,1 114 8,22 1,48 17 o’clock 1,90
water closet S station 6 Fri. 1686 93,7 126 7,47 1,35 18 o’clock 2,10

U station 6 Fri. 2090 116,1 136 6,51 1,17 17 o’clock 2,27
T station 10 Fri. 4687 260,4 338 7,21 1,30 10 o’clock 5,63
J station 7 Mon. 2409 133,8 239 9,92 1,79 08 o’clock 3,98

Women T station 7 Mon. 5210 289,4 435 8,35 1,50 10 o’clock 7,25
lavatory J station 8 Wend. 4352 241,8 430 9,88 1,78 16 o’clock 7,17

Fixture Station
Number of fixture users

(persons/day)
Date

Peak hour Male water  closet Male ur ina l Male lava tory Female water  closet Female lava tory
Morning :7-10 11.2 70.3 34.4 49.3 100.0
Evening :17-20 5.6 79.5 28.6 66.7 100.0
Night  :20-24 5.3 79.1 24.5 71.3 100.0
Except  peak hours 8.0 77.4 35.7 71.1 100.0
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3.1.3 Duration time of fixture o ccupancy
���2Q�WKH�EDVLV�RI�SUHYLRXV�SDSHU��WKH�DYHUDJH�RFFXSDQF\�WLPH�DQG�WKH
GLVWULEXWLRQ�RI�HDFK�IL[WXUH�DUH�VKRZQ�LQ�7DEOH����7KH�VHWWLQJ�YDOXHV�LQ
WKH�VLPXODWLRQ�ZHUH�GHFLGHG�UHIHUULQJ�WR�WKLV�WDEOH�

7DEOH���7KH�VHWWLQJ�YDOXHV�RI�IL[WXUH�XVDJH�IRU�WKH�VLPXODWLRQ

����6LPXODWLRQ�SURJUDP
���7KH�FDOFXODWLQJ�FRQGLWLRQV�RI�WKH�VLPXODWLRQ�SURJUDP�IRU�WRLOHW�IL[WXUH
XVDJH�ZHUH�GHFLGHG�EDVHG�RQ�WKH�DQDO\]HG�UHVXOWV�XQWLO�QRZ�
���7KH�DQDO\VLV�RI�WKH�VLPXODWLRQ�LV�RQ�WKH��TXHXLQJ���7KH�SKHQRPHQD�RI
�TXHXLQJ��RFFXU�E\�WKH�RFFXSDWLRQ�RI�DOO�IL[WXUHV�LQVWDOOHG��+RZHYHU��WKH
SKHQRPHQD� ZKLFK� �TXHXLQJ�� LQFUHDVHV� DUH� QRW� IRU� WKH� UHFRPPHQGHG
QXPEHUV�RI�IL[WXUH��7KH�FRQGLWLRQ�WKDW�WKH�SKHQRPHQD�RI��TXHXLQJ��DUH
VRRQ� GLVVROYHG� EHFRPHV� D� FRQGLWLRQ� RI� WKH� UHFRPPHQGHG� VFDOH
FDOFXODWLRQ��7KHUHIRUH��WKH�UHSURGXFWLRQ�RI�GLVVROYLQJ�WKH�SKHQRPHQD�RI
�TXHXLQJ��LV�UHTXLUHG�IRU�WKH�VLPXODWLRQ��7KH�DUULYDO�SDWWHUQ�WR�WKH�WRLOHW
VKRZV� WKH�SHULRGLF� WHQGHQF\� LQ� VRPH� H[WHQW�GXUDWLRQ�RI� SHDN�KRXU�DV
DERYH�PHQWLRQHG�� ,Q� WKLV� VLPXODWLRQ�� LW� WDNHV� ��� PLQXWHV� DV� D� SHDN
WLPH��7KLV����PLQXWHV�LV�GLYLGHG�LQ�HDFK���PLQXWHV�LQWHUYDO��DQG�WKHVH
LQWHUYDOV�KDYH�WKH�DYHUDJH�DUULYDO�UDWHV�DV����������DQG�����WLPHV�RI�WKH
���PLQXWHV�YDOXH��EHFDXVH�WKH�DYHUDJH�DUULYDO�UDWH�EHFRPHV�����WLPHV�RI
WKH����PLQXWHV�YDOXH�DOPRVW��7KHQ�� WKH�SKHQRPHQD�RI�JHQHUDWLRQ�DQG
UHVROXWLRQ�LQ��TXHXLQJ��DUH�UHSURGXFHG�LQ�WKLV�VLPXODWLRQ��%\�GRLQJ�SUH
WULDO� ��PLQXWHV� DQG� WULDO� ��� PLQXWHV� ZLWK� WKH� �� WULDO�� WKH� VLPXODWLRQ
UHFRUGV� TXHXLQJ� WLPH� RI� IL[WXUH� DUULYDO� SHUVRQV� LQ� WKH� WULDO� RI� ��
PLQXWHV��7KH�SHUVRQV�DUH�LQFOXGHG�LQ�WKH�UHFRUG�RI��TXHXLQJ��ZKR�HQWHU
WKH� WRLOHW� LQ� WULDO� KRXU� DQG� VWDUWV� WR� XVH� WKH� IL[WXUH� DIWHU� WULDO� KRXU�
KRZHYHU� WKH� DUULYDO� SHUVRQV� LQ� WKH� SUH� WULDO� DUH� QRW� LQFOXGHG�� 7KH
PD[LPXP� YDOXH� RI� WKH� UHFRUGHG� YDOXHV� LV� PDGH� WR� EH� WKH� PD[LPXP
TXHXLQJ� WLPH� DIWHU� WKH� HQG� RI� FDOFXODWLRQ�� 7KH� DUULYDO� SDWWHUQV� ZHUH
XVHG�����NLQGV�RI� ILOHV�RQ� WKLV� WULDO�DV� WKH�FDOFXODWHG�DUULYDO� UDWH�RI��
FRQGLWLRQ�� 7KLV� ILOH� ZDV� PDGH� XVLQJ� VLPXODWLRQ� UDQGRP� QXPEHU
JHQHUDWLRQ� E\� WKH�PL[HG� FRQJUXHQFLDO�PHWKRG�� 7KH� QXPEHU� RI� IL[WXUH
ZDV� FDOFXODWHG� IURP��� WR� ���� 7KH�PHDQ� YDOXH� E\� ���� NLQGV� RI� DUULYDO
SHUVRQ�ILOH�ZDV�REWDLQHG�RQ�WKH�HDFK�QXPEHU�RI�IL[WXUHV�DW�HYHU\�DUULYDO
UDWH��7KH�OLVW�RI�WKH�FDOFXODWLQJ�FRQGLWLRQV�LV�VKRZQ�DW�7DEOH���

Morning Evening Morning Evening Morning Evening Morning Evening Morning Evening

Set average value 270 210 150 110
Approximated distribution 
Phase K of  distribution 3 1 5 5 3 4 4 3 4 4

Item
Male water closet Male urinal Female water closet

Erlang distribution Super exponential distribution

Male lavatory Female lavatory

40 12.5 22.4
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7DEOH���7KH�FDOFXODWLQJ�FRQGLWLRQV�RI�WKH�VLPXODWLRQ

1RWH��7KH�IROORZLQJ�DUH�XVHG�DV�DQ�DUULYDO�UDWH�LQ�HDFK���PLQXWHV�������������������DQG������RI�VHWWLQJ
DUULYDO�UDWH��)LUVW���PLQXWHV��������LV�WKH�SUH�WULDO�

����&DOFXODWHG�UHVXOWV
���,Q�)LJXUH���� WKH�FDOFXODWHG�UHVXOWV�DUH�VKRZQ��7KH�KRUL]RQWDO�D[LV�RI
WKH� ILJXUH� LV� DUULYDO� UDWH�� DQG� WKH� YHUWLFDO� OLQH� LV� PHDQ� YDOXH� RI� WKH
PD[LPXP� TXHXLQJ� WLPHV�� 7KH� GRWWHG� OLQH� LQ� WKH� ILJXUH� VKRZV� WKH
QXPEHU�RI�IL[WXUH��DQG�WKH����������SLHFHV�DUH�GLVSOD\HG�

Male water closet Male urinal Female water closet Male lavatory Female lavatory
Arrival model ( ) 

Frequency distribution of arrival rate
Arrival rate (persons/min.) 0.025~3.0 0.2~20.0 0.05 5.0 0.3~15.0 0.6~30.0

Setting number of fixtures 1~10 20 20 18 20

Occupancy time model 
Occupancy time distribution
Phase K of  distribution 3 5 3 4 4
Average occupancy time (sec.) 300 40 150 15 25

Poisson distribution

Erlang distribution Hyper-exponential distribution
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��&DOFXODWLRQ�RI�WKH�UHFRPPHQGHG�QXPEHU�RI�IL[WXUHV�LQ�HDFK�DUULYDO
UDWH

���3HUPLVVLEOH� TXHXLQJ� WLPH� DV� D� VHUYLFH� OHYHO� LV� VHW�� VLQFH� WKH
UHODWLRQVKLS� EHWZHHQ� DUULYDO� UDWH� LQ� HDFK� QXPEHU� RI� IL[WXUHV� DQG� WKH
PD[LPXP� TXHXLQJ� WLPH� LV� FODULILHG� LQ� WKH� SUHYLRXV� FKDSWHU�� DQG� WKH
FDOFXODWLRQ�RI�WKH�UHFRPPHQGHG�QXPEHU�RI�IL[WXUHV�LV�DQDO\]HG�

����3HUPLVVLEOH�TXHXLQJ�WLPH
���3HUPLVVLEOH� TXHXLQJ� WLPH� XVHV� WKH� PD[LPXP� SHUPLVVLEOH� TXHXLQJ
WLPH�IRU�HDFK�IL[WXUH�JRWWHQ�LQ�WKH�TXHVWLRQQDLUH�VXUYH\�RQ�WKH�WRLOHW�IRU
DGXOWV>�@��5HSOLHG�WKH�PD[LPXP�SHUPLVVLEOH�TXHXLQJ�WLPH�FKDQJHV�IURP
�� WR� ����� VHFRQGV�� +RZHYHU�� LW� ZDV� UHJDUGHG� DV� D� UDQJH� IURP� ��
VHFRQGV� WR� ���� VHFRQGV� LQ� WKH� WLPH� ZLWK� WKH� MXGJPHQW� RI� ILOOLQJ� XS
WHQGHQF\�RI�WKH�UHVSRQGHQWV��HWF��ZLWK�WKH�UHOLDELOLW\��7KHUHIRUH��RQO\�WKH
UHVSRQGHQWV�RI� WKLV�UDQJH�ZHUH� WRWDOHG��7KH� WRWDOLQJ� UHVXOWV�DUH�VKRZQ
DW�7DEOH����,Q�WKH�WDEOH��WKH�YDOXH�RI�VHUYLFH�OHYHO���LV�D�PHDQ�YDOXH��7KH
YDOXH� RI� VHUYLFH� OHYHO� �� LV� SXOOHG� VWDQGDUG� GHYLDWLRQ� IURP�PHDQ� YDOXH
DQG�WKH�YDOXH�RI�VHUYLFH�OHYHO���LV�DGGHG�VWDQGDUG�GHYLDWLRQ�WR�WKH�PHDQ
YDOXH�

7DEOH���7KH�SHUPLVVLEOH�TXHXLQJ�WLPH�DFFRUGLQJ�WR�WKH�TXHVWLRQQDLUH

����&DOFXODWLRQ�RI�WKH�UHFRPPHQGHG�QXPEHU�RI�IL[WXUHV
���&DOFXODWLQJ�UHVXOW�RI�WKH�QXPEHU�RI�IL[WXUHV�DV�DQ�XQGHU�TXHXLQJ�WLPH
LQ�WKH�HYHU\�VHUYLFH�OHYHO�DUH�VKRZQ�LQ�)LJXUH����7KLV�ILJXUH�VKRZV�WKDW
WKH�UHFRPPHQGHG�QXPEHU�RI� IL[WXUH� IURP�WKH�DUULYDO� UDWH��&RQVLGHULQJ
WKH�FDOFXODWLQJ�QXPEHU�RI� IL[WXUH� LQ�H[FHHGLQJ� WKH� UDQJH�RI� WKH� ILJXUH�
WKH� FDOFXODWLQJ� IRUPXODV� IRU� UHFRPPHQGHG� QXPEHU� RI� IL[WXUHV� ZHUH
GHFLGHG�LQ�DSSO\LQJ�WKH�QRQOLQHDU�UHJUHVVLRQ�DQG�OLQHDU�UHJUHVVLRQ�VW\OH�
7KRVH�ZHUH�UHTXLUHG�E\�WKH�VLPSOH[�PHWKRG��ZKLFK�PLQLPL]HG�WKH�HUURU�
7KH�FDOFXODWLQJ�UHVXOWV�DUH�VKRZQ�DW�7DEOH����,Q�PDOH�DQG�IHPDOH�ZDWHU
FORVHW�LQ�ZKLFK�WKH�RFFXSDQF\�WLPH�LV�ORQJ��WKH�GLIIHUHQFH�KDUGO\�RFFXUV
LQ� WKH� VLJQLILFDQFH� RI� ERWK� HTXDWLRQV�� WKH� QRQOLQHDULW\� DQG� OLQHDULW\�
+RZHYHU��WKH�QRQOLQHDULW\�VHHPV�WR�EH�WKH�XVHIXOQHVV�IURP�WKH�OLQHDULW\
LQ�VKRZLQJ�WKH�ORZHULQJ�RI�WKH�UHTXLUHG�QXPEHU�RI�IL[WXUH�DFFRUGLQJ�WR
LQFUHDVH� WKH� UDQJH��7KH� OLQHDU� W\SH�VHHPV� WR�EH� WKH�XVHIXOQHVV�RQ� WKH
PDOH�ODYDWRU\�LQ�ZKLFK�WKH�RFFXSDQF\�WLPH�EHFRPHV�D�PLQLPXP�

Number  of
respondents(persons) Level 1 Level 2 Level 3

Men Feces 460 78 178 277
Ur ine 493 56 153 250
Washing hand 321 28 114 201

Women Feces 238 87 184 280

Ur ine 256 100 194 287

Washing hand 228 57 160 263

Set t ing va lue of permissible queuing t ime (sec.)
F ixture usage
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)LJXUH���7KH�UHFRPPHQGHG�QXPEHU�RI�IL[WXUHV�LQ�HDFK�VHUYLFH�OHYHO�DQG�DUULYDO
UDWH
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7DEOH���7KH�FDOFXODWLRQ�IRUPXODV�IRU�WKH�UHFRPPHQGHG�QXPEHU�RI�IL[WXUHV

1RWH��LV�/HYHO�RI�VLJQLILFDQFH����������������������������DQG��������

��7KH�UHFRPPHQGHG�QXPEHU�RI�IL[WXUH�LQ�WKH�H[LVWLQJ�VWDWLRQ�WRLOHWV
XVLQJ�WKH�FDOFXODWLQJ�ILJXUHV

���,Q�VHDUFK�RI�WKH�UHFRPPHQGHG�QXPEHU�RI�IL[WXUHV�LQ�SHDN�KRXU��LW�ZDV
FRPSDUHG� ZLWK� WKH� H[LVWLQJ� QXPEHU� RI� IL[WXUHV� LQ� WKH� -5� �� VWDWLRQV�
7KHQ�� WKH� YDOLGLW\� RI� FDOFXODWLQJ�PHWKRG� RI� IL[WXUH� UHTXLUHPHQWV� XVLQJ
WKH�QHZ�FDOFXODWLQJ�ILJXUHV�ZDV�YHULILHG�
���7KH�H[LVWLQJ�QXPEHUV�RI�HDFK�IL[WXUH�LQ�WKH���VWDWLRQV�DQG�FDOFXODWHG
YDOXHV�RI�WKH�HYHU\�VHUYLFH�OHYHO�DUH�VKRZQ�DW�7DEOH����,Q�FRPSDULQJ�WKH
UHVXOWV�� WKHUH� LV� DQ� LQVXIILFLHQW� WHQGHQF\� RI� WKH� QXPEHU� RI� PDOH� DQG
IHPDOH�ZDWHU�FORVHW��$QG��WKHUH�LV�D�VXSHUIOXRXV�WHQGHQF\�RI�WKH�QXPEHU
RI�PDOH�XULQDO�DQG�PDOH�DQG�IHPDOH�ODYDWRU\��(VSHFLDOO\��WKH�WHQGHQF\�RI
WKH� VKRUWDJH� RI� IL[WXUHV� LV� UHPDUNDEOH� LQ� IHPDOH� ZDWHU� FORVHW�� 7KHVH
VKRZ�D�WHQGHQF\�ZKLFK�UHIOHFWV�SUHVHQW�VWDWH�FRQGLWLRQV�

7DEOH���7KH�UHFRPPHQGHG�QXPEHU�RI�IL[WXUHV�E\�FDOFXODWLRQ

1RWH��7KH�UHVHDUFK�GDWH�LV�VDPH�IRU�7DEOH�����

N u m ber  of Ar r iva l r a t e
fixt u r es (per son s/m in .) Level 1 Level 2 Level 3

Ma le K st a t ion 6  Mon da y 08 o’clock 1.08 9 7 6
wa t er  closet S  s t a t ion 6  Mon da y 07 o’clock 1.02 8 7 6

U  st a t ion 4  Mon da y 07 o’clock 0.80 7 6 5
T s t a t ion 6 F r ida y 08 o’clock 1.23 10 8 7
J  s t a t ion 6  Tu esda y 08 o’clock 1.08 9 7 6

Ma le K st a t ion 8 F r ida y 20 o’clock 5.30 6 5 4
u r in a l S  s t a t ion 11 F r ida y 17 o’clock 6.35 7 5 5

U  st a t ion 18 F r ida y 20 o’clock 13.10 13 10 10
T s t a t ion 13  Th ir sda y 20 o’clock 12.33 12 10 9
J  s t a t ion 12 F r ida y 19 o’clock 9.90 10 8 7

Ma le T s t a t ion 4 F r ida y 22 o’clock 5.18 4 3 2
la va t or y J  s t a t ion 4  Mon da y 22 o’clock 3.73 3 2 2
F em a le K st a t ion 7 F r ida y 17 o’clock 1.90 8 6 6
wa t er  closet S  s t a t ion 6 F r ida y 18 o’clock 2.10 9 7 6

U  st a t ion 6 F r ida y 17 o’clock 2.27 9 8 7
T s t a t ion 10 F r ida y 10 o’clock 5.63 20 17 15
J  s t a t ion 7  Mon da y 08 o’clock 3.98 14 12 10

F em a le T s t a t ion 7  Mon da y 10 o’clock 7.25 6 4 4
la va t or y J  s t a t ion 8  Wedn esda y 16 o’clock 7.17 5 4 4

Recom m en ded n u m ber  of fixt u r es
F ixtu r e st a t ion Da t e P ea k  t im e zon e

Equation
Fixture Level 
Male water closet 1 4,805 3,319 0,494 6,498 1,355

2 4,471 1,998 0,482 5,347 0,964

3 4,445 1,031 0,341 4,733 0,675
Male urinal 1 0,899 0,719 0,096 0,911 0,750

2 0,734 0,407 -0,034 0,732 0,398

3 0,705 0,247 -2,051 0,707 -0,030
Male lavatory 1 0,286 1,058 0,366 0,418 1,070

2 0,309 0,560 -0,107 *1 0,299 0,538 *3

3 0,285 0,398 -0,378 *2 0,274 0,293 *4
Female water closet 1 2,977 1,360 0,323 3,246 1,032

2 2,639 0,692 0,149 2,686 0,641

3 2,394 0,461 0,132 2,418 0,442
Female lavatory 1 0,560 1,004 0,071 0,569 1,055

2 0,479 0,553 -0,283 0,471 0,412

3 0,483 0,901 -2,934 0,489 -0,103

c
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��&RQFOXVLRQ

���,Q� WKLV� SDSHU�� WKH� IROORZLQJ� ZHUH� VHW�� WKH� QXPEHUV� RI� WRLOHW� XVHUV
DFFRUGLQJ� WR� WLPH� ]RQH� DQG� PDOH� DQG� IHPDOH� IURP� WKH� QXPEHU� RI
SDVVHQJHUV�� IL[WXUH�XVDJH� DQG� RFFXSDQF\� WLPHV�� WRLOHW� DUULYDO� SDWWHUQV
DQG� VHUYLFH� OHYHO� E\� SHUPLVVLEOH� TXHXLQJ� WLPH� FODULILHG� E\� SUHYLRXV
SDSHU�� 7KHQ�� WKH� ILJXUH� WR� FDOFXODWH� WKH� UHFRPPHQGHG� QXPEHU� RI
IL[WXUHV� ZDV� VXJJHVWHG� E\� WKH� HYHU\� DUULYDO� UDWH� XVLQJ� SHUPLVVLEOH
TXHXLQJ�WLPH�DV�VHUYLFH�OHYHO��DIWHU�WKH�TXHXLQJ�WLPH�LQ�HDFK�QXPEHU�RI
IL[WXUHV�LV�FDOFXODWHG�E\�WKH�VLPXODWLRQ�
���)LQDOO\�� WKH� FDOFXODWHG� UHVXOWV� ZHUH� FRPSDUHG� ZLWK� WKH� H[LVWLQJ
QXPEHU�RI�IL[WXUHV�LQ�WKH���VWDWLRQV��,Q�WKH�UHVXOWV�RI�FRPSDULQJ��WKHUH
ZHUH� VXSHUIOXRXV� WHQGHQF\� IRU�PDOH� XULQDO��PDOH� DQG� IHPDOH� ODYDWRU\�
DQG�LQVXIILFLHQW�WHQGHQF\�IRU�PDOH�DQG�IHPDOH�ZDWHU�FORVHW�
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$Q�$QDO\VLV�RQ�WKH�/RDGV�RI�+RW�:DWHU�&RQVXPSWLRQ
LQ�D�&RPSDQ\�'RUPLWRU\�IRU�%XVLQHVV�6LQJOH�KDQGHG
DQG�8QPDUULHG�3HUVRQV

6��085$.$:$��'��1,6+,1$��<��.26+,.$:$��+��7$.$7$

$EVWUDFW

The purpose of this study is to get the fundamental data applied to planning and
design of hot water supply system in dormitory for business single-handed persons
taking a post without his family and unmarried persons. We analyzed about the loads of
hot water consumption on the basis of data that had been measured for two years in a
company dormitory.

First we carried out a questionnaire investigation to clarify the dweller’s attitudes
and conditions of using cold and hot water. As the results, we showed that there was a
distinct difference between the business single-handed persons and the unmarried
persons in the point of consciousness of saving water and how to use cold and hot water.

Next we analyzed about cold and hot water consumption by using monthly data of
all flats. We showed the volume of cold and hot water consumption changed in each
season and water supply temperature. And we clarified the mean values of cold and hot
water consumption per flat and per day classified by the business single-handed persons
and the unmarried persons based on the number of days stayed out, the style of taking
bath or shower as the dweller’s behaviors and the consciousness of saving water.

We also studied by using hourly data of 11 houses measured continuously, and
showed the changes of the loads of hot water consumption per flat and per day in each
season and in each day of the weeks.

.H\ZRUGV

Measurement; Hot Water Supply System; Loads of Hot Water Consumption;
Dormitory for Business Single-handed and Unmarried Persons
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���,QWURGXFWLRQ

Recently, the amount of energy consumption of hot water in the residence is
increased remarkably. It is caused by the spread of utilization of hot water equipments,
the change in user’s life style and the enlargement of capacity of hot water equipments
according to many functions for our daily life in comfort. The data on the load of hot
water is necessary for the optimum design of equipment capacity. In recent years, the
useful fundamental data were accumulated by many researches on the consumption of
hot water. However, there is little research for the dormitory targeting the business
single-handed persons taking a post without his family (Here after, we describe the
persons as “the single persons”) or unmarried persons. These buildings are recently
increased in Japan.

Under these conditions, several investigations of cold and hot water consumption
in the dormitories were done by F. Kiya et al. [4] and some researchers [7,8]. In the
studies, they had analyzed the trend of hot water consumption. However, the conditions
on the loads of hot water are not being cleared enough.

Therefore, it is meaning for equipment design and energy saving plan to grasp the
conditions of hot water consumption in these buildings. This study aims at getting the
fundamental data applied to planning and design of hot water supply systems on the
basis of data that had been measured in a company dormitory. We analyze the
relationship between the loads of hot water and the dweller’s attributes grasped from the
questionnaire investigation.

���2XWOLQH�RI�WKH�VXUYH\�EXLOGLQJ

The single and the unmarried person’s dormitory of the T company was chosen as
the survey building. Table 1 shows the outline of the survey building and it’s hot water
supply system. The dormitory is composed of 30 flats for the single persons, 30 flats for
the unmarried persons and one flat for the manager. As the facilities for the convenience
of dwellers, there are a dining room with kitchen and a table tennis room on the 1st
floor, and a dryness machine room in each floor. The hot water is supplied by the central
system equipped a heat pump. The supplied temperature of hot water is about 60
degrees to each flat. But the dining kitchen is covered with another electric water heater.

7DEOH����2XWOLQH�RI�VXUYH\�EXLOGLQJ�DQG�KRW�ZDWHU�VXSSO\�V\VWHP

The building Building use Company dormitory
Structure Reinforced concrete

Scale 6 stories
Total number of flats 30 flats for the single persons(1DK:27m2)

30 flats for the unmarried persons(1DK:24m2)

 1 flat for the manager(3LDK:71m2)
Total floor area 2,968m2

The hot water Heat source Air source heat pump
supply system Supply system Central hot water supply system

Heat pump Heating power:40.3kW
Storage tank Structure:Enclosed type

Capacity:3000 L × 2 Tanks
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Each flat is composed of a bedroom, dining kitchen and bathroom. The kitchen has
a sink with a single-handle mixing faucet, and the bathroom has a bathtub with
thermostat mixing shower and faucet, a basin and a water closet. Also, each flat has
washing machine, refrigerator, electromagnetic cooking heater and air-conditioner. In
the manager flat, there are the same equipments as each flat besides a thermostat shower
mixed faucet with the washbowl.

���2XWOLQH�RI�WKH�PHDVXUHPHQW

Fig.1 shows the hot water supply system and the measurement points. Table 2
shows the measurement outline using the automatic recording devices.

We measured the total consumption of hot water in the building at the pipe of
make-up water, point a, by the electromagnetic flow meter, and we measured the hot
water consumption per flat for 11 flats by the hot water flow meters. These data are
managed and recorded by the head office through the modem and the NTT telephone
lines. Furthermore, in addition to the automatic record, we recorded the monthly cold
and hot water consumption per flat by reading the meters directly.

We analyze the data through two years from February in 1997 to January in 1999
because personnel transfers are carried out on February 1st in case of the T company.

)LJXUH����+RW�ZDWHU�VXSSO\�V\VWHP�DQG�PHDVXUHPHQW�SRLQWV

7DEOH����0HDVXUHPHQW�RXWOLQH�RQ�WKH�KRW�ZDWHU�VXSSO\�V\VWHP

h

Water supply

Heat pump

Storage tank

Hyakuyo-bako

c Hot water supply

Remote inspection board

b  points

a

d Hot water return 

e

f

g

i

Period
Data Item Instrument Sign

Total consumption of hot water Electromagnetic flow meter a
Hot water consumption per flat (11 flats) Hot water flow meter b
Hot water supply tempareture Thermometer c
Hot water return tempareture Thermometer d
Cold water supply tempareture Thermometer e
Outdoor air tempareture Thermometer f
Hot water supply tempareture (2nd 6th floor) Thermometer g
Hot water supply tempareture (the lowest point:6 points) Thermometer h
Storage tank tempareture Thermo-couple  i 

Volume of flow
Tempareture

  Note: The sign "a  i" show the measurement points on Fig.1.

Contents

Interval

Tempareture ( )

 5 minutes (*20 minutes:untill March 4, 1997)

February 1, 1997  January 31, 1999

 1 hour

Volume of flow (L)
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���4XHVWLRQQDLUH�LQYHVW LJDWLRQ

�����2XWOLQH�RI�TXHVWLRQQDLUH �LQYHVWLJDWLRQ
We carried out a questionnaire investigation in December 1998 to clarify the

dweller’s behaviors and consciousness of saving water for uses cold and hot water in
each flat. The 43 houses moved into at the moment were investigated. We got the
information on the number of dwellers in each month from the building management
section. We asked the section to distribute the questionnaire, and collected it by mailing
from the respondents. The effective number of the respondents was 39 votes, and the
collection ratio was 91%. Table 3 shows the contents of questionnaire. We asked
dwellers to answer the behaviors of hot water usage in case of summer and winter
seasons.

7DEOH����&RQWHQWV�RI�WKH�TXHVWLRQQDLUH

�����5HVXOWV�RI�TXHVWLRQQDLUH� LQYHVWLJDWLRQ
Fig.2 shows the attributes of the respondents. All the dwellers are men, and most of

them are 20s or 40s or over 50s age. The ratio of single persons is somewhat high in the
all dwellers. In this dormitory, 40% of the dwellers work on the three-shift system per
day, and the dwellers that are under 20s age move into the dormitory for the single
persons and work on the three-shift system.

)LJXUH����$WWULEXWHV�RI�WKH�UHVSRQGHQWV

Table 4 shows the results of questionnaire on the life styles and frequency of cold –
hot water usage. As for the number of average days of stayed out due to business trip or
going home, there is much difference between the single persons; 8.33 days/ month, and
the unmarried persons; 2.17 days/ month.

 Character of the respondents  Sex, Age, Room number, Moving time into the flat
 Daily behaviors  Holiday, Working hours, Working systems

 Number of days stayed out, Consciousness of water usage
 Kitchen  Frequency of usage, Usage hours, Frequency of hot water usage
 Washing face and hands  Frequency of washing face and hands, Frequency of hot water usage
 Bathing  Frequency of bathing, Usage hours

 Bathing style, Frequency of bathing by other persons
 Washing clothes  Frequency of washing, How to washing, Use hot water or not
 Evaluation for hot water system  Flow rate, Temperature, Waiting time for hot water, Smell

                     Note: n, the number of samples

Percentage of replies to the item category        n 39
0% 20% 40% 60% 80% 100%

        Age       
10s 20s 30s 40s Over 50s

0% 20% 40% 60% 80% 100%

Living flat’s type
For the single person For the unmarried person

0% 20% 40% 60% 80% 100%

  Working style 
The three-shift system The fixed time working

n: 39
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7DEOH����/LIH�VW\OHV�DQG�IUHTXHQF\�RI�FROG���KRW�ZDWHU�XVDJH

All Single Unmarried
persons persons persons

 Daily 41,0 4,8 83,3
 behaviors 59,0 95,2 16,7

5,49 8,33 2,17
! 12,8 23,8 0,0

 of saving water ( ) $ 17,9 19,0 16,7
# 23,1 28,6 16,7
% 43,6 28,6 61,1
× 2,6 0,0 5,6

 Kitchen 1,87 2,24 1,44
0,56 0,19 1,00
1,77 1,76 1,78

summer 2,6 4,8 0,0
 of hot water usage ( ) 23,1 19,0 27,8

74,4 76,2 72,2
winter 20,5 19,0 22,2

48,7 42,9 55,6
30,8 38,1 22,2

 Washing 2,10 1,95 2,28
face  face and hands (times/day) 1,74 1,67 1,83
and summer 12,8 19,0 5,6

hands  of hot water usage ( ) 15,4 19,0 11,1
71,8 61,9 83,3

winter 66,7 66,7 66,7
20,5 19,0 22,2
12,8 14,3 11,1

 Bathing 6,68 4,60 9,00
 of bathing (times/week) 35 18 17

6,57 5,00 8,24
35 18 17

Frequency of bathing every day 9,1 0,0 21,4
and Usage hours occasionally 18,2 10,5 28,6
( ) never 72,7 89,5 50,0

n 33 19 14
every day 30,3 31,6 28,6
occasionally 6,1 0,0 14,3
never 63,6 68,4 57,1

n 33 19 14
every day 60,6 57,9 64,3
occasionally 12,1 10,5 14,3
never 27,3 31,6 21,4

n 33 19 14
every day 6,1 0,0 14,3
occasionally 12,1 15,8 7,1
never 81,8 84,2 78,6

n 33 19 14
every day 30,3 31,6 28,6
occasionally 0,0 0,0 0,0
never 69,7 68,4 71,4

n 33 19 14
every day 66,7 57,9 78,6
occasionally 6,1 10,5 0,0
never 27,3 31,6 21,4

n 33 19 14
Bathing style summer 6,3 12,5 0,0
( ) 21,9 18,8 25,0

71,9 68,8 75,0
32 16 16

winter 9,1 18,8 0,0
36,4 37,5 35,3
54,5 43,8 64,7

33 16 17
summer 13,3 33,3 0,0

20,0 16,7 22,2
66,7 50,0 77,8

15 6 9
winter 28,6 40,0 0,0

14,3 20,0 0,0
57,1 40,0 100,0

7 5 2
 Washing 2,59 1,52 3,83
 clothes  of washing (times/week) 2,31 1,38 3,39
Note:    As for the percentage of each item, the total become 100% in each content of [All persons], 

summer

winter

Frequency of usage
(times/week)

Frequency 

Frequency

Frequency 

Frequency of washing

never
usually

Consciousness

Working system ( )

winter

winter

summer

winter

never
usually
occasionally
never

summer

before

summer

very high
high

slightly high

average
low

dinner

occasionally

usually
occasionally

every day

occasionally

Frequency

never

usually
occasionally

immediately

before

before

n

breakfast
lunch

Number of days stayed out (days/month)

Three-shift working system
Fixed time working system

Contents

taking a bath

immediately

before

taking a bath

after
coming home

going
to bed

n

taking a bath and shower
taking a shower

n
taking a bath

n

n

taking a bath and shower
taking a shower

taking a bath and shower
taking a shower

n
taking a bath

taking a bath and shower
taking a shower

going
to work

after
coming home

going
to bed

going
to work
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About the consciousness of saving water, there is much difference in the ratio of
applying from “very high” to “slightly” between the single persons; about 70%, and the
unmarried persons; about 35%. Especially the ratio applying “very high” of the single
persons is about 25%.

At the kitchen, although there is a difference among the dwellers, they use hot
water a few number of frequency and few use hot water in summer. As for the washing
face and hands, the average number of frequency per day increases a few in summer
than in winter. The frequency of hot water usage is a little in summer, but over 60% of
all dwellers use the hot water in winter. And at the washing face and hands as well as at
the kitchen there is no difference between the single persons and the unmarried persons.

As for the bathing, the average number of frequency per week in the unmarried
persons is higher than that in the single persons. We could know that the single persons
go home on the weekend, supposing from the number of stayed out days. As for the
style of taking a bath, there is the tendency that persons who take a shower increase in
summer and persons who take a bath or take a bath with shower increase in winter. The
number of washing frequency increases in summer, and that of the unmarried persons is
twice as much as that of the single persons. There are few persons who use hot water for
a washing and reuse the hot water in the bath.

The loads of hot water consumption are a little at the kitchen, and most of the hot
water are consumed at the bathroom in each flat.

�����'ZHOOHU¶V�DWWULEXWHV
We measured the every one-hour for hot water consumption in the 11 houses to

clarify the characteristics of the loads of hot water in each house, and we excluded the 3
flats for the analysis because of no dwellers during the measurement. Fig.3 shows the
occupied conditions of 8 flats. All flats for the single persons were moved into or left
because the personal transfers carried out in February 1998. Therefore, we made a
distinction to the houses before and after February in the single person’s flats.
Ultimately, we analyzed 11 houses, from T1 to D3, shown in Fig.3.

)LJXUH����2FFXSLHG�FRQGLWLRQV�RI�WKH�PHDVXUHPHQW�IODWV

Table 5 shows the attributes of the measurement houses. The attributes of 4 houses,
from T1 to T4, were unknown because the dwellers of each house had already left at the
time carried out the questionnaire investigation.

T8 house

4

T3 house T7 house

T2 house T6 house

11

D2 house

D3 house

Unmarried person’s flat (2)

Unmarried person’s flat (3)

Unmarried person’s flat (1)

T1 house

D1 house

Single person’s flat (2)

Single person’s flat (3)

Single person’s flat (4)

Single person’s flat (5)

         ’97/2 ’98/2 ’99/1
Single person’s flat (1) T4 house

T5 house
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7DEOH����$WWULEXWHV�RI�WKH�PHDVXUHPHQW�KRXVHV

���5HVXOWV�RI�WKH�WHPSHUDWXUH�PHDVXUHPHQW

Fig.4 shows the change of daily average of each temperature. Hot water supply
temperature and return temperature are almost stable, and the average supply and return
temperatures are 61.0 degrees (standard deviation 0.8 degrees) and 57.0 degrees
(standard deviation 0.7 degrees) respectively. Cold water supply temperature and
outdoor air temperature change similarly through the year and have a good relation with
the correlation coefficient r=0.971. Therefore, we analyze the data based on cold water
supply temperature as from the description. And, we decide the seasonal classification
that the winter season is the period from December to March, the summer season is the
period from June to September and the middle season is other months based on the
changing tendency of each month.

)LJXUH����5HVXOWV�RI�WKH�WHPSHUDWXUH�PHDVXUHPHQW

���$QDO\VLV�RQ�WKH�PRQWKO\�FROG�DQG�KRW�ZDWHU�FRQVXPSWLRQ

In this chapter, we analyze the cold and hot water consumption measured from all
flats of the dormitory in every month. We calculated the energy consumption by the
following equation (1). Each numerical value adopted the mean value for the month.

[Monthly energy consumption] = [Monthly hot water consumption] x
 [Hot water temperature at each floor - Cold water temperature] x [Specific heat] . . .(1)

T
em

pe
ra

tu
re

(°
C

)

Cold water supply temperature 
Outdoor air temperature

Hot water supply temperature
Hot water return temperature

’97/2 4 6 8 10 12

0

20

40

60

80

’98/2 4 6 8 10 12

Number of days 
stayed out

summer winter summer winter summer winter (days/month)
T5 house over 50s Fixed time ! ! × # B S B S 8
T6 house 40s Fixed time ! ! ! ! B S B S 6
T7 house 30s Fixed time × × # # S B S 9
T8 house 40s Fixed time × # ! # S B S 8
D1 house 20s Three-shift × × × # S S 1
D2 house 20s Three-shift × × ! ! B S B S 3
D3 house 20s Fixed time × ! × × S B S 2
Note:As for the frequency of hot water usage at kitchen and washing face and hands
#  : usually     !  : occasionally     x : never
    As for the bathing style
   B . S: taking a bath and shower    S: taking a shower only

House Age Working system
Kitchen Bathing style

Washing
face and hands
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As for analysis, we showed about the average case that the single persons and the
unmarried persons were put together and the classified case because the two groups had
difference in the point of the consciousness of saving water and how to use cold and hot
water as shown in the chapter 3. And, one sample (800L/ person/ day) of the single
persons was excluded as the abnormal consumption.

�����/RDGV�RQ�DOO�RI�WKH�FRPSRVHG�IODWV
We analyze the data measured from all of the composed flats. Fig.5 shows the

average water consumption and the average hot water consumption per flat per day in
each month of the single persons and the unmarried persons. We calculated the mean
values by dividing the monthly consumption by the number of days in each month.
According to Fig.5, the unmarried persons consume the nearly double volume in
comparison with the single persons in both cold and hot water consumption. The cold
water consumption reversely fluctuates to the hot water consumption. The cold water
consumption increase in summer and the hot water consumption increase in winter, and
the pattern of change appears remarkably in the hot water consumption. The cold and
hot water consumption per flat per day of each month have relations with the correlation
coefficient r=0.617 by calculating for all flats.

)LJXUH����&ROG�DQG�KRW�ZDWHU�FRQVXPSWLRQ

Next, we analyze the loads by using the seasonal classification mentioned in
chapter 5. Fig.6 shows the frequency distributions and the cumulative frequency
distributions of the single and unmarried person’s average hot water consumption per
flat per day in each month. The unmarried person’s distributions spread out widely and
have a gentle ascent in comparison with the single person’s distributions. However, as
the distribution of each season, the two groups have the same tendency.

   
   

 C
ol

d 
w

at
er

 c
on

su
m

pt
io

n
   

   
   

  (
L

/p
er

so
n/

da
y)

Single persons
Unmarried persons

’97/2 4 6 8 10 12
0

50

100

150

200

’98/2 4 6 8 10 12

   
   

 H
ot

 w
at

er
 c

on
su

m
pt

io
n

   
   

   
   

(L
/p

er
so

n/
da

y)

Single persons
Unmarried persons

a) Cold water consumption

0

20

40

60

80

100

120

’97/2 4 6 8 10 12 ’98/2 4 6 8 10 12
b) Hot water consumption



A5 9/16

)LJXUH����)UHTXHQF\�GLVWULEXWLRQV�DQG�FXPXODWLYH�IUHTXHQF\�GLVWULEXWLRQV�RI�KRW
ZDWHU�FRQVXPSWLRQ�SHU�IODW�SHU�GD\�LQ�HDFK�PRQWK

Table 6 shows the values of cold and hot water consumption, and energy
consumption in each season. In “All seasons” at “All persons”, the cold and hot water
consumption are 121.3L/ person/ day and 51.7L/ person/ day respectively. The total
consumption shows the value between 130L/ person/ day in the single person’s
dormitory and 220L/ person/day in the unmarried person’s dormitory that were
investigated in the past researches. The hot water consumption is a few little in
comparison with the values that the authors measured in the detached houses before;
63.5L/ person/ day of the A house and 70.1L/ person/day of the E house converted to 60
degrees of supply hot water temperature.

7DEOH����9DOXHV�RI�FROG�DQG�KRW�ZDWHU�FRQVXPSWLRQ�DQG�HQHUJ\�FRQVXPSWLRQ��LQ
HDFK�VHDVRQ

House Season Average 95% value Maximum Standard Average 95% value Maximum Standard Average 95% value Maximum Standard
deviation deviation deviation

All All 121.3 257.7 545.0 71.2 1092 51.7 122.3 398.4 41.4 1093 8.27 21.17 70.61 7.29 1093
persons winter 109.4 247.4 400.0 66.5 363 66.4 141.9 398.4 49.5 364 12.29 26.42 70.61 9.11 364

summer 131.4 271.5 545.0 76.8 369 36.5 88.1 305.2 28.3 369 4.60 11.33 36.42 3.53 369
middle 123.1 253.2 451.3 68.2 360 52.5 122.6 279.0 38.0 360 7.97 19.07 48.34 5.89 360

Single all 83.1 155.2 545.0 48.4 554 36.9 83.1 305.2 28.0 554 5.90 15.03 48.34 4.83 554
persons winter 72.2 153.0 254.5 41.3 186 45.1 97.8 129.4 27.8 186 8.38 18.65 23.06 5.20 186

summer 91.0 160.4 545.0 58.1 184 27.0 52.8 305.2 25.4 184 3.42 6.76 36.42 3.14 184
middle 86.1 167.1 292.0 42.4 184 38.4 76.9 279.0 27.8 184 5.87 11.61 48.34 4.57 184

Unmarried all 160.7 283.9 451.3 69.4 538 66.9 145.8 398.4 47.0 539 10.71 25.84 70.61 8.50 539
persons winter 148.5 276.8 400.0 65.6 177 88.6 207.2 398.4 57.1 178 16.38 39.26 70.61 10.44 178

summer 171.5 311.3 431.0 72.1 185 45.9 108.1 162.7 27.9 185 5.77 13.74 19.89 3.51 185
middle 161.7 293.6 451.3 68.7 176 67.2 166.4 228.1 41.6 176 10.16 24.22 35.18 6.32 176

Cold water consumption Hot water consumption Energy consumption
n

(L/person/day) (L/person/day) (MJ/person/day)
n n

Hot water consumption(L/person/day)

a) Single persons

winter season(frequency)
summer season(frequency)
middle season(frequency)

winter season(cumulative)

summer season(cumulative)

middle season(cumulative)

All seasons(cumulative)

C
um

ul
at

iv
e 

fr
eq

ue
nc

y(
%

)

  0

 50

100

0 20 40 60 80 100 120 140 160 180 200
0

20

40

60

80

100

120

F
re

qu
en

cy

C
um

ul
at

iv
e 

fr
eq

ue
nc

y(
%

)

winter season(cumulative)

summer season(cumulative)

middle season(cumulative)

All seasons(cumulative)

winter season(frequency)
summer season(frequency)
middle season(frequency)

Fr
eq

ue
nc

y

0

20

40

60

80

100

120

Hot water consumption(L/person/day)

b) Unmarried persons

0 20 40 60 80 100 120 140 160 180 200
  0

 50

100



A5 10/16

�����/RDGV�EDVHG�RQ�WKH�GZHOOHU¶V�DWWULEXWHV
In the previous paragraph, we analyzed to grasp a general tendency without taking

the differences such as the number of days stayed out or how to use cold and hot water
into consideration. Therefore, we advance the analysis on the basis of the dweller’s
attributes that were answered about the questionnaire. Moreover, we examine the
influence on the hot water consumption by classified with the style of taking a bath or
shower as the dweller’s behaviors and further classified the each style to the
consciousness level of saving water. As for the persons who replied it "Taking a bath
every day", we classified into two groups that take a bath or a shower with the bathing
style. And in each style, we classified into a group that replied “very high” - “slightly
high” and a group that replied “average” or “low” in the consciousness of saving water.
Table 7 shows the cold and the hot water consumption in each classified group.

7DEOH����&ROG�DQG�KRW�ZDWHU�FRQVXPSWLRQ�LQ�HDFK�FODVVLILHG�JURXS

On the cold water consumption, the differences in the single persons and the
unmarried persons are influenced by the difference on the washing days as one of the
factors. So far as seeing "All persons", there are no differences between taking a bath
and taking a shower. Moreover, the group with the high consciousness of saving water
decreases the consumption as for as seeing "All persons".

On the hot water consumption, the difference between taking a bath and taking a
shower is clear in each season. The group of taking a bath increases the volume of
consumption. Moreover, on the consciousness of saving water in each style, the
tendency is same with the cold water consumption, and the difference appears
remarkably in the group of taking a bath.

Assuming that dwellers use the most of hot water for the bathing behavior in
summer, the following content can be said about the taking a shower in summer. When
we convert the volume of hot water consumption at hot water supply temperature 57.5
degrees, taking a shower temperature 41.0 degrees and cold water supply temperature
27.6 degrees, the volume of consumption in the single and unmarried persons becomes
65.4 L and 101.5 L respectively. This value is a little small in comparison with the
experimental results that the authors carried out by using the general shower head (G-3;
Number of holes 60, Hole size 1.0mm); 75.94 L in the saving type A (Stopping to use
hot water when washing the body or hair) and 142.61 L in the wasting type C (No
stopping to use hot water during the bathing behavior).

1 × 1 × 1 × 1 × 1 × 1 ×
cold water style

consumption consciousness 113,6 258,2 155,7 173,2 105,9 138,5 133,6 112,6 144,1 298,1 214,6 199,1
hot water style

consumption consciousness 45,0 89,1 35,1 39,2 43,3 49,9 29,4 29,0 52,0 102,2 50,2 43,5
5 4 11 10 4 1 8 3 1 3 3 7

cold water style
consumption consciousness 103,8 199,5 112,1 173,0 99,5 127,0 81,9 122,0 118,7 247,8 187,5 187,6

hot water style
consumption consciousness 79,8 149,1 61,2 82,1 81,7 69,0 38,9 66,7 73,5 202,5 116,8 86,5

9 5 7 9 7 2 5 2 2 3 2 7

Note: The unit is (L/person/day)

          As for the consciousness of saving water,  1 :[very high]  [slightly high],   ×:[average] or [low]

Unmarried personsSingle persons

Season

contents
bath showerbating style

consciousness of saving water

All persons
bath shower bath shower

summer

177,8 164,0

64,6 37,0

Number of flats (flats)

112,4 127,9 259,6 203,8

44,6 29,3 89,7 45,5

winter

138,0 146,4

104,6 72,9

Number of flats (flats)

105,6 93,4 196,2 187,6

78,8 46,8 150,9 93,2
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���$QDO\VLV�RQ�WKH�KRXUO\�ORDGV�RI�KRW�ZDWHU

In this chapter, we judge the number of days stayed out by using every one-hour
hot water data that we measured automatically at 11 flats. We analyze the loads of hot
water per flat by excluding the number of days stayed out.

And, the energy consumption per flat per day was calculated by using the hourly
mean value in the following equation (2).

[Energy consumption per flat] = [Hot water consumption per flat] x
  [Each floor hot water temperature - Cold water temperature] x [Specific heat] . . . (2)

Still, the unusual data such as the maintenance days were excluded.

�����'DLO\�ORDGV�RI�KRW�ZDWHU
Fig.7 shows the example of fluctuation of daily hot water consumption per flat.

Differences of hot water consumption in summer and winter appear clearly through a
year.

)LJXUH����)OXFWXDWLRQ�RI�GDLO\�KRW�ZDWHU�FRQVXPSWLRQ�SHU�IODW
�([DPSOH�RI�'��KRXVH�

)LJXUH����+RW�ZDWHU�FRQVXPSWLRQ�SHU�IODW�LQ�HDFK�PRQWK
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Fig.8 shows the hot water consumption per flat in each month for the single
person’s flat and the unmarried person’s flat. The values of each month are shown as the
daily average hot water consumption in the month. The seasonal fluctuations are seen
remarkably on the unmarried person’s flats. Comparing with the unmarried person’s
average value shown in the chapter 6, it is clear that the D2 house uses extremely much
volume of hot water.

Fig.9 shows the frequency distributions and the cumulative frequency distributions
of the daily hot water consumption in each season as examples of D1 and D3 house. In
the D1 house, the distributions in each season show the normal distribution type as the
frequency of the central value is large. At the order in winter, middle and summer, the
range in each season spreads out widely. In the D3 house, the range of the distribution is
wide in each season and the frequency beyond 100L/ person/ day increases especially in
winter. According to Table 5, the D1 house does not change the bathing style of taking a
shower by the season though it changes the frequency of washing face and hands.
Therefore, the change of the hot water consumption in each season is influenced by the
seasonal change of cold water supply temperature. On the other hand, the D3 house
changes behavior at the kitchen and the bathing style by the season. The dweller takes a
shower in summer, and takes a bath and shower in winter. The differences on the life
style of the D1 and D3 house appear on the distribution patterns.

)LJXUH����)UHTXHQF\�GLVWULEXWLRQV�DQG�FXPXODWLYH�IUHTXHQF\�GLVWULEXWLRQV�RI�WKH
GDLO\�KRW�ZDWHU�FRQVXPSWLRQ�LQ�HDFK�VHDVRQ�DV�H[DPSOH�RI�'��DQG�'�
KRXVH

Hot water consumption(L/person/day)

a) D1 house

winter season(frequency)
summer season(frequency)
middle season(frequency)

winter season(cumulative)

summer season(cumulative)

middle season(cumulative)

all season(cumulative)

C
um

ul
at

iv
e 

fr
eq

ue
nc

y(
%

)

winter season

summer season

middle season

all season

  0

 50

100

0 50 100 150 200 250
0

20

40

60

80

100

F
re

qu
en

cy

winter season
summer season
middle season

0

10

20

30

40

50

Hot water consumption(L/person/day)

b) D3 house

0 50 100 150 200 250

Fr
eq

ue
nc

y

C
um

ul
at

iv
e 

fr
eq

ue
nc

y(
%

)

  0

 50

100

C
um

ul
at

iv
e 

fr
eq

ue
nc

y(
%

)
  0

 50

100

C
um

ul
at

iv
e 

fr
eq

ue
nc

y(
%

)
  0

 50

100



A5 13/16

Table 8 shows the mean value, maximum value, standard deviation and the non-
excess probability 95% value as a daily loads of hot water per flat in each season.

The mean values of winter are bigger than the mean values of summer except for
the T6 house, and the majority of the values of middle season become the values
between summer and winter. In “All seasons”, the mean values per flat show large
dispersion from 25 L/ person/ day to 185L/ person/ day. The mean values of hot water
consumption of the single persons (8 houses) and the unmarried persons (3 houses) are
52.4L/ person/ day and 112.2L/ person/ day respectively. From the viewpoint of the
consciousness of saving water level, the D2 house with low level is a waste type of
water uses, and the loads of hot water correspond clearly to the consciousness of saving
water.

7DEOH����'DLO\�ORDGV�RI�KRW�ZDWHU�SHU�IODW�LQ�HDFK�VHDVRQ

Number of
Average 95% value Maximum Average 95% value Maximum days used Washing face

hot water and hands
T1 house All 51,5 130,0 250,0 43,7 8,14 23,70 47,72 7,72 220

winter 54,6 149,5 250,0 54,6 10,19 28,52 47,72 10,26 80
summer 40,1 80,0 100,0 22,2 5,12 10,86 12,77 2,88 73 As for the hot water usage
middle 60,1 142,0 160,0 44,7 8,99 21,34 27,09 6,84 67 at the kitchen and

T2 house All 39,0 80,0 130,0 21,9 5,99 13,31 23,20 3,99 197 washing face and hands

winter 53,8 90,0 130,0 26,2 9,80 16,38 23,20 4,83 42     # : usually

summer 29,4 50,0 70,0 12,9 3,79 6,89 9,61 1,80 78    ! : occasionally

middle 40,6 80,0 90,0 21,8 6,14 12,24 15,12 3,49 77  x never

T3 house All 34,5 70,0 160,0 22,1 5,50 12,93 31,81 4,06 320
winter 42,7 90,0 160,0 26,0 7,97 17,49 31,81 4,96 107 As for the bathing style

summer 26,4 50,0 130,0 15,9 3,36 7,06 16,76 2,09 107     B.S : taking a

middle 34,4 66,5 120,0 20,1 5,16 11,32 19,29 3,13 106              bath and shower
T4 house All 24,6 90,0 120,0 22,2 3,55 14,67 21,75 3,73 119        S : taking a shower

winter 31,9 109,0 110,0 32,2 5,82 20,21 20,35 5,98 21
summer 22,5 70,0 90,0 16,4 2,72 8,71 11,42 2,02 57
middle 23,9 111,0 120,0 22,8 3,54 15,14 21,75 3,71 41

T5 house All 72,5 130,0 190,0 35,4 11,27 23,25 35,15 6,82 249

! winter 89,3 150,0 190,0 43,0 16,35 28,56 35,15 8,07 84 ! # B.S

(fixed) summer 59,1 90,0 140,0 25,8 7,23 12,16 17,87 3,38 88 ! × B.S

middle 69,6 110,0 110,0 28,1 10,35 16,31 18,10 4,36 77

T6 house All 105,9 251,0 340,0 81,2 16,15 42,59 58,43 13,42 177

# winter 114,4 325,0 340,0 96,0 20,74 56,70 58,43 17,05 64 ! ? B.S

(fixed) summer 116,7 250,0 290,0 71,5 14,17 33,28 39,21 9,13 54 ! ? B.S

middle 86,8 220,0 270,0 68,8 12,99 35,18 48,94 10,86 59

T7 house All 56,0 160,0 370,0 54,7 8,83 28,98 64,43 9,43 231

% winter 81,9 206,0 370,0 70,8 14,85 37,47 64,43 12,64 77 × # B.S

(fixed) summer 39,4 63,0 250,0 33,6 4,77 8,51 28,57 4,03 78 × # S

middle 46,8 120,0 280,0 43,2 6,92 20,90 36,45 6,00 76

T8 house All 35,0 79,0 110,0 20,7 5,60 13,60 19,89 3,98 221

# winter 47,6 80,0 110,0 23,5 8,66 14,31 19,89 4,24 75 # # B S

(fixed) summer 22,3 30,0 70,0 8,6 2,73 4,27 8,67 1,13 69 × ! S

middle 34,0 80,0 80,0 18,2 5,19 13,68 14,50 3,21 77

D1 house All 62,8 130,0 230,0 35,2 10,12 22,49 44,87 7,08 620

# winter 88,4 160,0 230,0 41,0 16,29 29,91 44,87 7,83 214 × ? S

(3-shift) summer 39,1 60,0 140,0 15,8 4,90 8,30 19,16 2,19 209 × × S

middle 60,0 90,0 190,0 22,5 8,97 14,25 32,37 3,81 197

D2 house All 185,1 379,5 540,0 96,9 29,46 67,35 96,71 18,69 680

× winter 240,3 430,0 540,0 106,9 44,20 80,03 96,71 19,89 230× ! B.S

(3-shift) summer 122,9 236,0 390,0 57,9 15,33 30,95 52,73 7,89 227 × ! B.S

middle 191,6 330,0 460,0 79,7 28,64 52,81 81,57 12,94 223

D3 house All 88,8 180,0 260,0 52,6 14,02 33,13 44,37 9,76 394

$ winter 125,2 210,0 250,0 54,4 22,96 38,18 44,37 9,84 119 ! × B.S

(fixed) summer 62,9 130,0 260,0 38,3 7,89 18,05 35,37 5,26 140 × × S

middle 83,6 154,0 230,0 45,8 12,49 24,00 35,91 7,27 135
Note: The dweller’s attributes of T1 ~T4 house are unknown because these flats had no dwellers at the time of the questionnaire investigation carried out.

The sign of ! $ # %   at the House show the conscious of saving water in Fig.4. 

          (3-shift) and (fixed) show the working systems.

Kitchen Bathing
House

Energy consumptionHot water consumption
Season

(L/person/day) (MJ/person/day)
S.d. S.d.

Reference column
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�����/RDGV�RI�KRW�ZDWHU�LQ�HDFK�GD\�RI�WKH�ZHHN
We defined the days from Monday to Friday as “Weekday”, Sunday and a national

holiday as “Holiday” to analyze the change by the day of the week.
Fig.10 shows the relation of the average loads of hot water per day and the

“Weekday”, “Saturday” and “Holiday” mean values in each season. Table 9 shows the
values of the hot water consumption and the energy consumption per flat in each season
and in each day of the week.

)LJXUH�����5HODWLRQ�RI�WKH�PHDQ�ORDGV�RI�KRW�ZDWHU�SHU�GD\�DQG�WKH�:HHNGD\�
6DWXUGD\�DQG�+ROLGD\�PHDQ�YDOXHV�LQ�HDFK�VHDVRQ

According to Fig.10, “Saturday” values and “Holiday” values decrease less than
“Weekday” values with the ratio of 0.95 - 0.96 on the hot water consumption, and with
the ratio of 0.94 - 0.96 on the energy consumption. Though “Weekday” values are
almost on the regression line, “Saturday” and “Holiday” values show large dispersion.
Referring to Table 9, the unmarried persons, especially three-shift working persons, use
almost the same volume of hot water by the day of the week because their holidays are
not fixed. On the other hand, the single persons sometimes do not use hot water in the
weekend by going home or staying out. The weekend values are varied by decreasing
the number of days of using hot water.
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7DEOH����9DOXHV�RI�WKH�KRW�ZDWHU�FRQVXPSWLRQ�DQG�WKH�HQHUJ\�FRQVXPSWLRQ�SHU
IODW�LQ�HDFK�VHDVRQ�DQG�LQ�HDFK�GD\�RI�WKH�ZHHN

���&RQFOXVLRQ

In this paper, we analyzed the loads of hot water per flat per day in each season and
each day of the week at the point of difference of person’s attributes and how to use
cold and hot water based on the data that were measured and recorded for two years in a
company dormitory. The main contents are as follows;

According to the questionnaire investigation, the dwellers were hardly using hot
water in the kitchen, and were almost using hot water by bathing and washing face and
hands in each house. And the single persons and unmarried persons showed each other
the difference in consciousness of saving water and how to use cold and hot water.

The cold water consumption and the hot water consumption showed each other a
reverse pattern of seasonal fluctuation. Relating with the results of the questionnaire
investigation, the unmarried persons showed more high consumption of the cold and hot
water than the single persons. And it was influenced by the bathing style and the
number of frequencies of washing face and hands.

We clarified the average cold and hot water consumption in case of summer and
winter seasons based on each person’s attributes. As for the hot water consumption, we
showed the dwellers taking a bath used more volume of hot water than the dwellers
taking a shower in both case of summer and winter, and the consciousness of saving
water corresponded to the volume of consumption at the “All persons” average.

a) Hot water consumption per flat (L/person/day)
Season Day of the week T1 house T2 house T3 house T4 house T5 house T6 house T7 house T8 house D1 house D2 house D3 house

All days 51.5 39.0 34.5 24.6 72.5 105.9 56.0 35.0 62.8 185.1 88.8
All Weekday 47.7 39.2 32.6 23.4 75.4 113.6 52.5 35.5 62.5 186.1 90.2

seasons Saturday 45.9 31.0 34.8 26.7 31.8 110.0 91.0 16.7 65.4 178.9 79.0
Holiday 69.8 40.6 42.2 (55.0) 91.3 43.2 90.9 35.3 62.0 186.3 90.2
All days 54.6 53.8 42.7 31.9 89.3 114.4 81.9 47.6 88.4 240.3 125.2

winter Weekday 45.9 54.4 40.0 33.7 93.2 123.9 78.7 48.7 88.0 245.5 126.0
season Sunday 48.0 (33.3) 39.2 (10.0) (14.0) (150.0) (136.7) (20.0) 92.0 221.3 114.3

Holiday 94.3 (62.0) 55.8 (20.0) 100.0 41.3 (94.0) 41.4 87.1 235.0 129.1
All days 40.1 29.4 26.4 22.5 59.1 116.7 39.4 22.3 39.1 122.9 62.9

summer Weekday 37.9 29.5 25.3 20.8 63.2 121.0 38.1 22.1 39.9 125.0 65.8
Season Monday (40.0) (32.5) 31.1 (40.0) 21.1 (135.0) (50.0) (15.0) 38.1 118.1 58.2

Holiday 47.5 27.7 28.9 (40.0) (70.0) (55.0) (65.0) (28.0) 36.8 118.5 51.6
All days 60.1 40.6 34.4 23.9 69.6 86.8 46.8 34.0 60.0 191.6 83.6

middle Weekday 60.2 40.3 33.0 21.8 70.8 94.6 41.4 34.8 60.0 187.8 85.6
season Tuesday 46.3 (26.7) 33.3 (15.0) 55.0 (77.5) (100.0) (16.7) 61.7 198.8 70.6

Holiday 71.0 45.4 41.1 (120.0) (83.3) 38.6 (100.0) 34.3 59.0 199.1 84.5

b) Energy consumption per flat (MJ/person/day)
Season Day of the week T1 house T2 house T3 house T4 house T5 house T6 house T7 house T8 house D1 house D2 house D3 house

All days 8.14 5.99 5.50 3.55 11.27 16.15 8.83 5.60 10.12 29.46 14.02
All Weekday 7.46 6.03 5.18 3.41 11.65 17.28 8.33 5.69 10.04 29.64 14.14

seasons Saturday 7.37 4.87 5.59 3.53 4.59 16.96 13.62 2.44 10.79 28.35 12.35
Holiday 11.27 6.17 6.79 (7.51) 15.40 6.86 14.16 5.62 9.98 29.65 14.75
All days 10.19 9.80 7.97 5.82 16.35 20.74 14.85 8.66 16.29 44.20 22.96

winter Weekday 8.54 9.88 7.47 6.14 17.06 22.38 14.28 8.82 16.21 45.15 23.10
season Sunday 8.85 (6.33) 7.22 (1.84) (2.57) (27.76) (24.01) (3.89) 17.05 40.83 20.60

Holiday 17.74 (11.36) 10.42 (3.66) 18.30 7.92 (17.30) 7.82 16.04 43.21 23.93
All days 5.12 3.79 3.36 2.72 7.23 14.17 4.77 2.73 4.90 15.33 7.89

summer Weekday 4.81 3.80 3.22 2.51 7.73 14.70 4.59 2.70 4.98 15.55 8.23
Season Monday (5.19) (4.30) 3.90 (4.86) 2.61 (16.88) (6.16) (1.86) 4.81 14.77 7.26

Holiday 6.12 3.63 3.71 (5.04) (8.33) (6.51) (8.13) (3.47) 4.65 14.96 6.61
All days 8.99 6.14 5.16 3.54 10.35 12.99 6.92 5.19 8.97 28.64 12.49

middle Weekday 9.09 6.11 4.94 3.27 10.51 14.14 6.28 5.34 9.02 28.14 12.78
season Tuesday 6.59 (4.18) 5.22 (2.38) 8.07 (11.60) (13.16) (2.35) 9.37 29.84 10.64

Holiday 10.44 6.73 6.04 (16.28) (12.77) 5.85 (13.26) 4.97 8.61 29.47 12.61
Note: The values that the number of samples are five or less show within ( ) as the reference. 
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Next, we clarified the hot water consumption and the energy consumption per flat
per day based on the hourly data that were measured from the 11 houses. And we
showed that though the hot water consumption in each flat was dispersed by the life
style or how to use cold and hot water, the values of hot water consumption classified
with the bathing style became near by the values calculated with monthly data. Finally
as for the loads of hot water in each day of the week, we showed that the Saturday and
Holiday values were about 5% smaller than the Weekday values.
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Results of some Brazilian Rational Water Use Program in buildings have appointed
more values of reduction impact of water consumption for the action of detection and
correction of leaks. Thus, this paper presents guidelines for waste of water control in
buildings, with emphasis for wastes caused by leaks. This action is one of the most
important for the reduction and stabilization of water consumption in lower levels.

.H\ZRUGV

Leak detection; water loss control; water conservation

��,QWURGXFWLRQ

Brazil is one of the countries with largest water resources, but spite of that it suffers
water scarcity in some regions. This problem occurs in function of several factors such
as: physicals, climatic, social, economics, politics and cultural as well as due to the
reduction of the quality of surface water resulting from throwing of domestic and
industrials effluents, without treatment or insufficient treatment, verified in great urban
centers.

Observing this scenery, the Brazilian government is implementing since 1997 the
PNCDA – National Program of Combat of Waste of Water with the aims to reduce
demand and water consumption, through adequation of users’ procedures and the
development of technologies that promote rational water use in public and building
systems.

Thus, “Programa de Uso Racional da Água – PURA” - Rational Water Use Program
– PURA has been implemented in buildings of different typologies in order to reduce
the water consumption, besides offering better performance conditions of water use:
operation and maintenance. Analysing the impacts of reduction of water consumption
resultants from these programs it has been verified that the most important action is the
detection and correction of leaks.
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According to OLIVEIRA et al. (1999), the impact of reduction of water consumption
verified in a building school and hospital after leak correction was 94% and 28,4%
respectively and the impact of reduction obtained after substituting conventional
components to water savers was 8% and 15,3% respectively. According to TESIS
(1998), the impact of reduction reached in an industrial kitchen after leak correction was
12,4% and after water saver components was 12,2%.

Figure 1 shows results of that PURAs, highlighting the reduction impact values of
consumption indicator of water obtained after the correction of leaks (CI1) and also the
replacement of conventional components for water savers (CI2), related to the
consumption indicator in the background history (ICh).
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)LJXUH� � ±� 5HGXFWLRQ� LPSDFW� RI� ZDWHU� FRQVXPSWLRQ� LQ� WKUHH� EXLOGLQJ� W\SRORJLHV
DIWHU� WKH� FRUUHFWLRQ� RI� OHDNV� DQG� VXEVWLWXWLRQ� RI� FRQYHQWLRQDO
FRPSRQHQWV�IRU�ZDWHU�VDYHUV�

�� 5DWLRQDO�ZDWHU�XVH�DQG�ZDVWH�RI�ZDWHU

Rational water use in buildings is the optimization of its use considering two
operational actions in the system:
• act – action that promotes the reduction of water consumption;
• control – action that helps the stabilization of water consumption at minimum levels

reached.

����:DWHU�FRQVXPSWLRQ
In general, the wastes of water in buildings are due to: leaks in pipes; storage tanks

and components of use; inadequate concepts of water supply systems and neglecting of
users. These factors tend to increase the volumes of water used and wasted in the
system. The concept of consumption considers the quantity of water used to attend the
necessity of users, including the wastes in the system, according to equation 1:
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Consumption = used water + wasted water                                             (1)

Thus, the values of daily water consumption indicator, obtained in systems of
different typologies, include the volume of water used in activities and the volume of
water wasted, both excessive use or water loss.

����:DVWH�RI�ZDWHU
Waste of water is that water that has being disposable in a water supply building

system and it is lost before using for an activity or, when it is used in an excessive way.
The concept of waste of water is presented in equation 2:

Waste = loss + excessive use                                                                   (2)

Water loss is the water that escapes from the system before being used to a final
activity. In general, the water losses occur due to the follow factors:
• leak – flow out of water from a water supply system, from pipes and fixtures,

components of use, storage tanks and pumps and others equipment;
• bad performance of the system – an example is a recycling system of hot water

operating as an inadequate manner, it means, with a long time of hope and therefore,
producing water loss before being used by user;

• neglecting of user – exemplified by a faucet not closed correctly after its using.

Excessive use is understood as an utilization of water to a final activity in a wasteful
manner, it means, in an inadequate procedure or by a bad performance of the system.
Some examples of excessive use:
• inadequate  procedures – long time bath, washing of sidewalk with a hose instead

using a broom;
• bad performance of the system – a system which outlets are designed to flowrate

higher than it necessaries to develop the activities related to the use of water, such as
faucets with high flowrate, that besides waste of water, causes discomfort to the
users with splashing of  water.

�����/HDNV�LQ�ZDWHU�VXSSO\�V\VWHPV�RI�EXLOGLQJV
In a brazilian systems it is considered that the higher incidence of leaks in these

systems are in the outlets, but it can be observed that the water losses can be higher if
leaks occur in water supply pipe, in general, required by high values of hydraulic
pressure from water supply public system. We can highlights two groups of leaks: the
visible and the non-visible, according as following.

2.3.1 Visible leaks and non-visible leaks
Visible leaks are those that manifest by direct way, it means, through flow or

dripping of water and, therefore, are rapidly detected by users. They occur mainly in
outlets. Non-visible leaks are those manifest by indirect manner, in general, by means of
the following manners:
• humidity spots;
• sound of water flowing when none of outlet is open;
• appearance of vegetation between tiles in external floor areas;
• continuous inflow of water in storage tanks.
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��*XLGHOLQHV�IRU�ZDVWH�RI�ZDWHU�FRQWURO�LQ�EXLOGLQJV

The waste of water in building can reach the minimum levels through the following
manners of actuation in the system: detection and correction of leaks; install of water
savers components; pressure water control and adequacy of procedures related to the
water use.

According to OLIVEIRA et al. (1999), leak correction is one of most effective
actions to reduce water consumption in the system. The implementation of this action
before substituting conventional components for water savers is very important because
it is the way of avoiding false results in the reduction of consumption resulting of the
saver components. Furthermore the permanent water loss control in the system tends to
bring it closer to its full performance condition.

Installing water saver component, such as a metering or electronic faucet, it helps the
user at the same time to:
• reducing the water consumption in function of the shorter turning off time of the

faucet;
• avoiding the waste of water, through the automatic turning off, because it is

common improper closing of conventional faucets.

It is important to stress that these components require an efficient maintenance
service, because they are calibrated to a flowrate of use nearly 0,15 l/s. Thus, a
“running” faucet, it means, with a problem of closing can waste 12960 l/day, if the
problem is not rapidly detected rapidly.

About the adequacy of procedures related to the water use, it has been known that it
is also of great value to the reduction of water consumption. But, the users must be
aware to the problem of scarcity of water in order to achieve that goal, according to
MURAKAWA et al. (1992), in a research developed at Fukuoka City, in Japan.

�����3UHVVXUH�FRQWURO
The knowledge of this parameter is very important, because the flowrate in outlets

and leaks are influenced by it. The hydraulic pressure can contribute to the increasing
waste of water through more frequency of bursts of pipes.

Although the brazilian water supply building systems, in general, are required for
small pressure values, it is highlighted that the water supply pipes are always required
by high pressure values, mainly during the night, because they are connected to the
street mains. Thus, the pressure reduction in these systems as in distribution system of
high rise buildings, is an important contribution to the reduction of waste of water.

According to the Brazilian Standard NBR 5626/98, the water supply building system
must be dimensioned for maximum static pressure of 400 KPa and minimum dynamic
pressure of 5 KPa, whereas in outlets this value is 10 KPa, with exception of the outlet
of WC cistern that can achieve the minimum of 5 KPa and the outlet of WC flush valve
that can not be above to 15 KPa. Although these recommendations, a lot of water supply
systems are required by pressure values upper, contributing for water loss through of
bursts in pipes and flexible hose of WC cisterns and lavatories’ faucets.

Thus, the pressure control is recommended in the water supply building systems, for
example in the water supply pipe and outlets with high values of pressure. This work
can be executed through the connection of a pressure gauge or a data logger in outlets.
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�����'HWHFWLRQ�DQG�FRUUHFWLRQ�RI�OHDNV
Detection of leaks is considered as the process to verify and locate leaks in water

supply systems. There are several factors that influence the occurrence and detection of
leaks in water supply systems, such as: hydraulic pressure, conditions of pipe, materials,
components and execution process, maintenance, age of system and type of soil.

3.2.1 Beginning of leaks
The beginning of leaks in the water supply building systems is the increase of values

of consumption indicator of water according to equation 3.

                    Cm
       IC =                 x 1000                                                                                              (3)
               AC . ND

where:
IC = consumption indicator - l/person/day, l/student/day, etc.;
Cm = monthly consumption of water, m3.
AC = total of consumer agents – persons, students, etc.;
ND = total of days relative to the month of the water consumption.

When the evaluation of consumption indicator of background history period shows
the increase of water consumption, proceed as following:
• verify from what month there was an increase of water consumption and work

together with the users making an evaluation of retroactive facts, that can justify that
increasing, such as:
• burst of some water pipe;
• leak in some equipment or component of use;
• drain of storage tank for cleanliness;
• beginning of operation of an equipment or a new activity in the system;
• changing of procedures in some activity related to the water use;
• remodeling, enlarge, painting services and others.

If did not occur any event that justify an increase of water consumption indicator,
probably there is a leak in the system. In some cases leak occurs in so high proportions
that is not possible get a background history, because they are detected as soon as they
rise.

3.2.2 Detection of visible leaks
The visible leaks, in general, occur in pipes, valves, tanks and components of use.

a1. Leak detection in faucets
The water loss in these components ranges in function of the leak such as: dripping,

small continuous flow, type of tip of faucet, roughness of its walls and also of their
hydraulic pressure. Thus, one faucet will can lose more water at night than during the
day, due to the possibility of higher values of hydraulic pressure of the water supply
system in that period.
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a2. Leak detection in valves
One way to detect leaks in valves is through observing the existence of yellow spots

on surface of walls, mainly in walls covered with tiles of light colors.
According to the Brazilian Standard NBR 5626/98, the leaks in these fixtures can be

accepted until the value near 0,01 ml/s.

a3. Leak detection in water closets
Usually, leaks in water closets are non-visible, but when the water loss is high they

become easily visible through the flow of water on the internal wall bowl or the
formation of small waves on the surface inlet water. This leak can occur in WC cisterns
and in WC flush valve. Another local of visible leak is in flexible hose of WC cistern,
always, due to the high pressure values or inadequate sealing.

a4. Leak detection in storage tanks
The visible leaks in tanks can occur due to:

• damage float operated ball valve ±�water is loss through the overflow pipe;
• damage fixtures�±�the inlet and outlet fixtures of storage tanks can be damaged or not

be adjusted causing leaks on surface of walls and bottom of storage tanks.
• valves not completely closed – in general, gate valves are installed in net work pipe

of storage tanks and they can be with sealing problem, possibiliting the water flow,
for example, in drain pipe, which can permit the flow through the rainwater drainage
systems, postponing the leak detection.

3.2.3 Non-visible leak detection
The non-visible leak detection can be conducted by simple tests, which consist in

simple procedures at the interest points of the system or by special tests with acoustics
equipment. The special tests are conducted when is not possible to detect a leak with
simple test or to check a process of detection. An example is a detection of leak at water
supply pipe that, in general, through special tests it is located.

3.2.3.1 Simple tests
These tests are used in leak detection of water supply pipe, storage tanks and water

closets, following this manner:
• Leak detection in water supply pipe

• water meter test;
• suction test.

• Leak detection in storage tanks
• test for leak detection in underground tanks;
• test for leak detection in roof tank.

• Leak detection in water closets
• dye test.

The procedures to realize these tests are presented by OLIVEIRA (1999).

3.2.3.2 Special tests
The most difficulty of the leak detection in underground pipes is, many times,

because leaks are manifested in different local that is supposed to. For these cases some



A6 7/10

processes of non-visible leak detection are presented with the utilization of the
following acoustics equipment: listening stick, electronics geophone and leak noise
correlator. In these processes the work is executed without destruction of the floors or
walls covers. That is their advantages.

It is important to stress that in order to the leak detection be well succeed the value of
water pressure in net work of pipe must be upper to 120 KPa. Therefore, in some cases
it is better conduct this work during the night, when, in general, we can find pressure
values upper and less background noise.

 a. Listening stick process
Listening stick is the instrument more simple used in leak detection. Nevertheless, so

as to this work can be well succeed, the operator must be very prepared to distinguish
the sound of a leak and background noise. This instrument consists of a metal stick of
1500 mm with an acoustics amplifier at one of its tip, that identifies the occurrence of
the leak near the researched points, according shows figure 2.

)LJXUH���±�/HDN�GHWHFWLRQ�ZLWK�OLVWHQLQJ�VWLFN�

The listening stick is utilized in valves, water meters, hydrants or whatever link point
to the underground water pipes or in the walls. The procedures to conduct the leak
detection using the listening stick are presented by OLIVEIRA (1999).

b. Electronic geophone process
This process uses the electronics geophone that detects and amplifies the sound of a

leak but removes some of unwanted extraneous noise by the frequency filters. There are
two types of geophone: one for small values of flowrate of water loss, which is utilized
to detect leak on vertical surfaces; and other to higher water loss flowrate, utilized on
horizontal surfaces, according shows figure 3.

This process utilizes the electronic geophone that is capable of detecting the leak
noise through of a sensor placed the nearest of a underground pipe, amplifying and
filtering it, eliminating the range of frequencies not related with the installation.

amplifier
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)LJXUH���±�/HDN�GHWHFWLRQ�RQ�IORRU�ZLWK�HOHFWURQLF�JHRSKRQH�

The components of this equipment are:
(1) amplifier with six filters, being three of low frequency (100 Hz a 400 Hz) and three

of high frequency (600 Hz a 1200 Hz), through to that combination gives nine range
of frequency;

(2) sensor of high sensibility which is connected to the amplifier;
(3) phones to listen the leak noise, also connected to the amplifier.

The beginning of leak detection occurs after the location of the underground network
of pipe. The procedures for leak detection with this equipment are presented by
OLIVEIRA (1999).

c. Leak noise correlator process
This process consists in locate the leak point through using an equipment called leak

noise correlator, which is presented in figure 4. It is compounded of two acoustics
sensors, being that each one of them has one amplifier (radio transmitter). These sensors
detect the noises on the pipe and transmit them to the correlator, which processes the
signals of the noises and determines the leak position in relation to the two sensors,
showing the distances at the screen of the correlator.

The sensors are connected directly at the pipe or they are installed in points such as
valves, hydrants or in position that can be imagined leak stays between two sensors. The
operator gives to the correlator the follows information of the length of pipe researched:
distance between two sensors, diameter and material of pipe.

In the beginning of the operation great range of sounds is detected, it means, noises
of leaks, noises of turbulences and noises of flowing that feed another sources. All of
these noises are transmitted, via radio, from amplifiers to the correlator.

(2)

(1)

(3)
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)LJXUH���±�/HDN�GHWHFWLRQ�ZLWK�OHDN�QRLVH�FRUUHODWRU�

The correlator analises the signals received and identifies what of them is common to
both sensors, that, in general, corresponds to a noise of leak. From one sensor, used as
reference, the correlator measures the time that the same noise takes to reach the second
sensor. This time is called delay time – Td. This delay is directly related to the
difference between a noise source – leak, and the two sensors, according to figure 5.

Such determination is obtained to any length of pipe, material and diameter. Thus,
when the leak noise reaches sensor 2, it will have also reached point C and, therefore,
run to go through the same distance “L”. Then, when the leak noise reaches sensor 2,
the correlator measures the time that the same noise takes to reach the sensor 1 (Td), it
means, to run to go through the distance “R”.

• sensor 1 - connected to red amplifier (V)
• sensor 2 - connected to blue amplifier (A)

)LJXUH�����'HWHUPLQDWLRQ�RI�OHDN�SRLQW�LQ�D�OHQJWK�RI�SLSH��)8-,�7(&20��V�G���

Knowing the distance “D” and the sound velocity “V” in pipe between two sensors,
the position of leak can be determined by measuring the difference in time taken for the
noise to reach the two sensors. The velocity of sound ranges in function of several
factors, but particularly with the material and diameter of the pipe. The leak noise
correlator has in its memory the velocity to more commons materials and diameter of
pipes. From figure 5 the distance “L” can be determined as following:

correlator

R L L

C

V A

sensor 1 sensor 2

leak

D

amplifier

acoustic
 sensor

acoustic sensor

amplifier
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D = R + L + L                                                                                                                 (4)
L = (D – R)/2                                                                                                                  (5)
R = V . Td                                                                                                                       (6)

Substituting (5) in (4), we have:
L = [D – (V . Td)]/2                                                                                                        (7)

where:
L = distance of leak to the nearest sensor, m;
D = distance between the two sensors, m;
V = velocity of sound to respective material and diameter, m/ms;
Td = delay time, ms;
R = distance reached by leak noise during the delay time, it means, after reaches the

sensor 2, m.

The screen of the correlator shows the reference from what the delay time is
measured – blue amplifier (A) or red amplifier (V). It also gives a graphics with the
indication of the leak peak. The procedures to conduct tests with the utilization of leak
noise correlator are presented by OLIVEIRA (1999).

��� )LQDO�FRQVLGHUDWLRQV

The guidelines presented for waste of water control in buildings promote a reduction
of water consumption in minimum levels.

About equipment used in special tests, we consider that the electronic geophone and
the listening stick are more indicated to any water supply system of buildings: small,
medium and large. About the leak noise correlator, it is more indicated to high
horizontal systems, in function of a large number of access points such as valves,
hydrants and long lengths of water supply pipe.
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Abstract

In this paper, the author have developed the method to compute site area and building

area classified into building type by the image processing of land use map of present

condition those have scanned in a computer. Moreover, water consumption and water

conservation rates have quantitatively computed in the objective area and examined effec-

tive way of water use in the area.
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1 Introduction

In Japan, a lot of wastewater recycling system and storm water treatment system has

installed in buildings or areas. From up to the present, installation of these facilities has

promoted in Tokyo and Fukuoka City. But in recent days, they are installed in various

parts of the country and small buildings such as residences and apartment houses. Based

on such backgrounds, this paper aims to get water consumption in the objective area to

compute area measurement classified into building type by image processing of land use

map of present condition. These data would be basic data about future trends of water

demand and supply in the area and to examine the effective way of water use.



2. Summary of analysis

2.1 Selection of the objective area

To compute the possibility of reclaimed and storm water supply, 3 areas are selected in

Itabashi Ward of Tokyo Metropolitan because land use maps of present condition have

been published in October 1996. Each area has 1 km2 and named Area A, Area B and Area

C. Land use maps of present condition classified into site and building type or building

story of each area are following (Figure 1).

Figure 1 - Land use map of present condition (Area A and Area B)

Area B (many highrise apartment houses)

Area A (many lowrise residences and apartent houses)

Classified into site and building type Classified into building story



Classified into site and building type Classified into building story

Figure 1 - Land use map of present condition (Area C, from previous page)

Area C (urban area and old town)

Lowrise Building

Middlerise Building

Highrise Building
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1 story

2 stories

3 stories

4 and 5 stories
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over 16 stories

Pubic site

Commercial site

Housing site

Industrial site

Government

Education

Welfare

Utilities

Office
Department Store

Shop

Hotel

Leisure
Residence

Apartment House

Factory
Manufactory

Transportation

2.2 Flowchart of analysis

Flowchart of analysis indicates figure 2. In the first place, building area and total floor

area are computed on each building type by image processing from land use map of

present condition. Next, water consumption, possibility of reclaimed water demand, pos-

sibility of recyclable water supply, possibility of storm water supply, city water consump-

tion in case using reclaimed water and water conservation rates are computed in the objec-

tive area from estimated water consumption unit and water consumption rate for each

specific use.



3 Compute area and water consumption for each building type

3.1 Compute of area for each building type

Process for computing area indicates Figure 3. To compute site area, building area and

total floor area in the objective area, present state maps of land using are changed digital

data and acquired in a computer by a scanner. These maps have too many colors to dis-

criminate from each building type or story by image processing. Therefore in the first

place, color is reduced to discriminate from them. From the image at land use map of

present condition classified into site and building type, site area can be computed for each

building type. Further, building area and story can be computed for each building type by

same process. Last, total floor area for each building type can be computed to multiply

building area by average of building story.

3.2 Compute of water consumption for each building type

On Reference 1, it lists water consumption unit and water consumption rates for each

specific use for each building type excluded housing and factory sites. These data is used

the land use map of present condition of land using classified into site and building type.

Acquirement of land use map of present condition in a computer

Compute site area classified into
site and building type by image

processing

Land use map of present
condition classified into building

story

Land use map of present
condition classified into site and

building type

Compute building area classified
into building story by image

processing

Compute of total floor
area classified into

building type

Compute water
consumption unit

classified into
building type

Compute water
consumption
classified into
building type

Compute demand and
supply of reclaimed
water classified into

building type

Compute city water consumption and water conservation rates in
case using reclaimed water

Selecting and extracting objects of area

Compute supply of
storm water

classified into
building type

Figure 2 - Flowchart of analysis



Land use map of present condition

classified into site and building type

Land use map of present condition

classified into building story

Extracted site area for apartment house Extracted building area for apartment house

Compute total floor area by multipling building area by building story

Figure 3 - Process to compute area (Area B and apartment house)

And water consumption unit (Table 1), rates of reclaimed water demand in whole water

consumption (Table 2) and rates of recyclable water supply in whole water consumption

(Table 3) are computed according to the flowchart of water use for specific use (Figure 4).

In the housing site, average water consumption unit is computed as occupancy area 25

m2/person from the results of measurement and estimate on Reference 2. Water consump-

tion rates for each specific use is adopted data of Reference 2 intact (Table 5).



Table 1 - Average water consumption unit of building

in the public and commercial site

Table 2 - Rates of reclaimed water demand from whole water consumption of

building in the public and commercial site

Site Building type

Average water
consumption

unit
[l /m2day]

Compute from Reference 1)
[l/m2day]

Public Site Education 10.70
Average of Elementary school : 13.7,
Junior High School : 11.6 and High
School : 6.8

Welfare 26.35
Average of Hospital : 27.2 and Clinic
: 25.5

Others 8.65
Public and Supply institution : based
on Office

Commercial Site Office 8.65
Average of Large scale building : 8.8
, Small and medium scale building :
8.5

Department Store 21.70 Department Store : 21.7

Hotel 25.55
Average of Hotel : 21.1 and Inn :
30.0

Leisure 20.75
Average of Theater : 23.0 and Movie
house : 18.5

Shop 13.59
30% of Department : 21.7 and 70%
of House: 10.12 (from Table 2)

Site Building type

Rates of
reclaimed water

demand from
whole water
consumption

[%]

Compute from Reference 1) (Rates
of flushing water from whole water

consumption)
[%]

Public Site Education 62.3
Average of Elementary school : 58,
Junior High School : 63 and High
School : 66

Welfare 35.0
Average of Hospital : 36 and Clinic :
34

Others 35.5
Public and Supply institution : based
on Office

Commercial Site Office 35.5
Average of Large scale building : 33
, Small scale building : 38

Department Store 41.0 Department Store : 41

Hotel 23.0 Hotel : 23

Leisure 52.0
Average of Theater : 37 and Movie
house : 67

Shop 26.3
30% of Department : 41 and 70% of
House: 20 (from Table 2)



Table 3 - Rates of recyclable water supply from whole water consumption of

building in the public and commercial site

85%

15%

100%
City water

Flushing water

Kitchen water

Cooling water

Washbasin water

Waste water
recycling system

Storm Water Storm water
treatment system

Reclaimed water

Drinking water

Bath, Laundry and
Pool water

Others

Runoff

in the body

Scattered and lost

Wastewater

Figure 4 - Flowchart of water use for specific use

Site Building type

Rates of
recyclable water

supply from
whole water
consumption

[%]

Compute from Reference 1) (Rates
of kitchen and washbasin water from

whole water consumption)
[%]

Public Site Education 25.7
Average of Elementary school : 38,
Junior High School : 33 and High
School : 28 (add pool water)

Welfare 19.5
Average of Hospital : 14 and Clinic :
25

Others 33.0
Public and Supply institution : based
on Office

Commercial Site Office 33.0
Average of Large scale building : 37
, Small scale building : 29

Department Store 51.0 Department Store : 51

Hotel 66.0
Hotel : 66 (add bath and laundry
water)

Leisure 31.0
Average of Theater : 46 and Movie
house : 16

Shop 71.3
30% of Department : 51 and 70% of
House: 80 (from Table 2)



Factory
Total floor area

[m2]
Office floor area

[m2]

Rate of office
floor area from
total floor area

A 19,390 13,340 68.8%
B 1,920 150 7.8%
C 5,046 2,620 51.9%
D 14,279 2,712 19.0%
E 10,135 570 5.6%
F 19,570 540 2.8%
G 8,200 1,700 20.7%
H 5,050 540 10.7%
I 3,100 800 25.8%
J 10,516 1,504 14.3%
K 3,413 410 12.0%
L 1,597 438 27.4%
M 4,484 1,594 35.5%
N 2,353 267 11.3%
O 14,385 2,673 18.6%
P 3,275 1,202 36.7%
Q 1,320 255 19.3%
R 32,800 750 2.3%
S 21,972 725 3.3%
T 31,370 571 1.8%
U 9,989 780 7.8%
V 4,280 522 12.2%
W 14,369 334 2.3%
X 18,173 1,900 10.5%
Y 13,362 904 6.8%
Z 4,772 495 10.4%

AA 8,100 750 9.3%
Total 287,220 39,046 13.59%

Table 4 - Average water consumption unit and water consumption rates

for each specific use of building in the housing site

Table 5 - Rates of office floor area in total floor area in the industrial site

Water use
Water consumption

[l /person day]
Rates

Bath 85.3 34%
Kitchen 49.0 19%
Laundry 60.0 24%
Washbasin 7.9 3%
WC 50.7 20%
Total 252.9

252.9 [l /person day] / 25 [m2/person] = 10.12 [l /m2 day]

Compute as occupancy area : 25 [m2/person] (common
Residence and Apartment House)



In the industrial site, 27 buildings is extracted from 592 buildings that appear about

plumbing system on Reference 3 and rates of office floor area from total floor area

(13.59%). From this numerical value, office floor area is computed as compared with total

floor area and then the numerical value at office on Table 1,2,3 are applied as using city

water at office area only in the industrial site.

4 Computed results of area and water consumption

4.1 Characteristics of land use in each area

Site area, building area and total floor area has computed on the process of Section 3.1.

On a computer, images have 1,572*1,572 pixels, and actual area is 998*998 m that is

approximately equal to 996,000 m2. Consequently area per pixel have 0.403 m2. Area A is

housing area that has residences mainly, accordingly the building coverage ratio is high

and the floor area ratio is low. Area B is housing area that has high-rise apartment houses

mainly, accordingly the building coverage ratio is low and the floor area ratio is high.

Area C has both commercial and housing area, accordingly both the building coverage

ratio and the floor area ratio are high. In the next section it considers how these tendencies

affect water consumption in areas.

4.2 Characteristics of water use at each area

Computed results indicate on Table 6. Rates of reclaimed water demand in whole wa-

ter consumption is higher in Area C then Area that has a lot of office and department store

where is high rate of flushing water in whole water consumption. It indicates that re-

claimed water is of utility value where urbanization is proceeding. The other way, rates of

recyclable water supply in whole water consumption is higher in Area A than Area C. The

reason of it is that rates of residences and apartment houses in whole land use.

Possibility of storm water supply is lower in Area B than Area A because the building

coverage ratio is lower in Area B than Area A. Storm water utilization is more effective in

housing site of low-rise building.

In case that wastewater recycling system and storm water treatment system are applied

at all buildings in area, city water conservation rates are highest in Area C (25.8%) that

have much reclaimed water demand. In Area A, city water conservation rates are 22.8%

and in Area B, city water conservation rates are 22.9%. Those results are estimated indi-

vidual system in each building. But it is more effective that reclaimed water which is

supplied from residences and apartment houses because possibility of recyclable and

storm water supply is more little than reclaimed water demand at education, welfare and

leisure. At an office building, the installation of storm water treatment system is desirable

with the installation of wastewater recycling system because reclaimed water is insuffi-

cient only wastewater.



Table 6 - Computed results of water consumption and water conservation
(Area A and Area B)

A B C D

E=C*
(Average

water
consumpti
on unit)*

10-3

F=E*
(Rates of
flushing
water

usage)

G=E*
(Rates of

recyclable
water

supply)

H=B*
(Normal

amount of
precipitati

on)*
(Runoff

coefficient
)* 10-3/365

I=E-F
[F<G+H]

 or
I=E-(G+H)
[F>=G+H]

J=(G+H)/F
* 100

K=(1-I/E)
* 100

Area A

Site
Building

type
Site area

[m2]

Building
area
[m2]

Total floor
area
[m2]

Rates of
each

building
floor area
from all
building

floor area

Average
water

Consumpt
ion

[m3/day]

Reclaime
d water
demand
[m3/day]

Possibility
of

recyclable
water
supply
[m3/day]

Possibility
of storm

water
supply 4*)

[m3/day]

City water
consumpti
on in case

using
reclaimed

water
[m3]*3)

Rates of
possibility
reclaimed

water
supply

Water
conservati
on rates

Public
Site

Education 42,549 14,647 32,001 5.2% 342.41 213.32 87.88 47.94 206.59 63.7% 39.7%

Welfare 3,426 1,898 4,384 0.7% 115.52 40.43 22.53 6.21 86.78 71.1% 24.9%

Others 4,891 2,263 5,962 1.0% 51.57 18.31 17.02 7.41 33.26 133.4% 35.5%

Commerci
al Site

Office 6,351 3,180 8,247 1.3% 71.34 25.33 23.54 10.41 46.01 134.0% 35.5%

Departme
nt Store

5,313 2,224 5,586 0.9% 121.22 49.70 61.82 7.28 71.52 139.0% 41.0%

Hotel 0 0 0 0.0% 0.00 0.00 0.00 0.00 0.00 0.0% 0.0%

Leisure 7,215 1,887 4,851 0.8% 100.66 52.34 31.20 6.17 63.28 71.4% 37.1%

Shop 44,807 25,593 55,482 9.0% 754.01 198.30 537.61 83.76 555.70 313.3% 26.3%

Housing
Site

Residenc
e

292,096 130,899 259,592 42.2% 2,626.03 525.21 2,100.83 428.38 2,100.83 481.6% 20.0%

Apartment
House

160,441 85,733 235,524 38.3% 2,382.56 476.51 1,906.05 280.57 1,906.05 458.9% 20.0%

Industrial
Site

Factory*1) 28,776 15,047 3,822 0.6% 33.06 11.74 10.91 49.24 21.33 512.5% 35.5%

Total 595,864 283,370 615,452 6,598.38 1,611.19 4,799.39 927.36 5,091.35 355.4% 22.8%

Rate*2) 59.8% 28.5% 61.8% 24.4% 72.7% 14.1% 77.2%

Area B

Site
Building

type
Site area

[m2]

Building
area
[m2]

Total floor
area
[m2]

Rates of
each

building
floor area
from all
building

floor area

Average
water

Consumpt
ion

[m3/day]

Reclaime
d water
demand
[m3/day]

Possibility
of

recyclable
water
supply
[m3/day]

Possibility
of storm

water
supply 4*)

[m3/day]

City water
consumpti
on in case

using
reclaimed

water
[m3]*3)

Rates of
possibility
reclaimed

water
supply

Water
conservati
on rates

Public
Site

Education 89,888 21,047 60,664 6.3% 649.10 404.39 166.60 68.88 413.62 58.2% 36.3%

Welfare 9,836 5,268 19,800 2.1% 521.72 182.60 101.74 17.24 402.75 65.2% 22.8%

Others 50,146 19,636 59,994 6.2% 518.95 184.23 171.25 64.26 334.72 127.8% 35.5%

Commerci
al Site

Office 5,613 2,452 6,511 0.7% 56.32 19.99 18.58 8.02 36.32 133.1% 35.5%

Departme
nt Store

5,256 3,209 6,677 0.7% 144.89 59.40 73.89 10.50 85.48 142.1% 41.0%

Hotel 0 0 0 0.0% 0.00 0.00 0.00 0.00 0.00 0.0% 0.0%

Leisure 5,177 3,467 8,555 0.9% 177.52 92.31 55.03 11.35 111.14 71.9% 37.4%

Shop 14,279 8,188 24,714 2.6% 335.86 88.33 239.47 26.80 247.53 301.4% 26.3%

Housing
Site

Residenc
e

0 0 0 0.0% 0.00 0.00 0.00 0.00 0.00 0.0% 0.0%

Apartment
House

253,332 86,656 775,627 80.5% 7,846.25 1,569.25 6,277.00 283.59 6,277.00 418.1% 20.0%

Industrial
Site

Factory*1) 2,664 1,501 374 0.0% 3.24 1.15 1.07 4.91 2.09 520.4% 35.5%

Total 436,192 151,425 962,915 10,253.83 2,601.65 7,104.63 495.55 7,910.65 292.1% 22.9%

Rate*2) 43.8% 15.2% 96.7% 25.4% 69.3% 4.8% 77.1%

*1) In a factory, total floor area and water consumption are computed only office area.
*2) About "Area", Rates are ratio in total area : 996,000[m 2], about "water consumption", Rates are ratio in whole water consumption in the area
*3) "Total" is in case of individual reclaimed system. In case of using area reclaimed system, water consumption is a little reduced.
*4) "Normal amount of precipitation" is used 1,405.3[mm] in Tokyo, and "Runoff coefficient" is used 0.85.



Table 7 - Computed results of water consumption (Area C, from previous page)

5 Conclusion

In this paper, the author has developed to compute estimated water consumption us-

ing land use map of present condition and got basic data about future trends of water

demand and supply in the area and the effective way of water use. In this paper, basic

data of water consumption is quoted mainly from Reference 1, but those data is old. It is

desirable to update those data.

In this paper, area is limited and flowchart of water usage is simple and static. Water

consumption would be computed changing area and water usage, and the effective way

of water use is necessary taking into consideration of water quality and the cost in the

future.

Area C

Site
Building

type
Site area

[m2]

Building
area
[m2]

Total floor
area
[m2]

Rates of
each

building
floor area
from all
building

floor area

Average
water

Consumpt
ion

[m3/day]

Reclaime
d water
demand
[m3/day]

Possibility
of

recyclable
water
supply
[m3/day]

Possibility
of storm

water
supply 4*)

[m3/day]

City water
consumpti
on in case

using
reclaimed

water
[m3]*3)

Rates of
possibility
reclaimed

water
supply

Water
conservati
on rates

Public
Site

Education 86,165 31,449 86,292 7.6% 923.32 575.23 236.99 102.92 583.42 59.1% 36.8%

Welfare 13,463 7,266 25,196 2.2% 663.92 232.37 129.46 23.78 510.68 65.9% 23.1%

Others 15,661 7,017 28,360 2.5% 245.31 87.08 80.95 22.96 158.22 119.3% 35.5%

Commerci
al Site

Office 23,615 16,098 88,666 7.8% 766.96 272.27 253.10 52.68 494.69 112.3% 35.5%

Departme
nt Store

21,315 17,902 60,148 5.3% 1,305.22 535.14 665.66 58.59 770.08 135.3% 41.0%

Hotel 0 0 0 0.0% 0.00 0.00 0.00 0.00 0.00 0.0% 0.0%

Leisure 0 0 0 0.0% 0.00 0.00 0.00 0.00 0.00 0.0% 0.0%

Shop 84,043 54,538 153,673 13.5% 2,088.42 549.25 1,489.04 178.48 1,539.16 303.6% 26.3%

Housing
Site

Residenc
e

180,977 118,175 236,685 20.8% 2,394.31 478.86 1,915.44 386.74 1,915.44 480.8% 20.0%

Apartment
House

178,144 109,857 447,514 39.3% 4,527.06 905.41 3,621.64 359.52 3,621.64 439.7% 20.0%

Industrial
Site

Factory*1) 57,981 37,356 12,257 1.1% 106.03 37.64 34.99 122.25 68.39 417.8% 35.5%

Total 661,363 399,658 1,138,792 13,020.54 3,673.26 8,427.28 1,307.93 9,661.73 265.0% 25.8%

Rate*2) 66.4% 40.1% 114.3% 28.2% 64.7% 10.0% 74.2%

*1) In a factory, total floor area and water consumption are computed only office area.
*2) About "Area", Rates are ratio in total area : 996,000[m 2], about "water consumption", Rates are ratio in whole water consumption in the area
*3) "Total" is in case of individual reclaimed system. In case of using area reclaimed system, water consumption is a little reduced.
*4) "Normal amount of precipitation" is used 1,405.3[mm] in Tokyo, and "Runoff coefficient" is used 0.85.

A B C D

E=C*
(Average

water
consumpti
on unit)*

10-3

F=E*
(Rates of
flushing
water

usage)

G=E*
(Rates of

recyclable
water

supply)

H=B*
(Normal

amount of
precipitati

on)*
(Runoff

coefficient
)* 10-3/365

I=E-F
[F<G+H]

 or
I=E-(G+H)
[F>=G+H]

J=(G+H)/F
* 100

K=(1-I/E)
* 100
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Vortex applications in steep energy gradient will be presented. This issue is discussed
by following the separate characteristics of fluid flow, as they occur through the
problem description. These characteristics are related to the conditions for fluid flow,
potential vortex flow, helical flow and the problem of steep energy gradient. The
characteristic conditions consist of the theoretical treatment, the results obtained on the
experimental hydraulic model as well as with practical solutions for the energy line drop
of 1126 m. Related existing examples used in Central Europe (Switzerland, Italy,
Germany and Austria) are compared and discussed. In addition the description of certain
shafts, having in mind A-241 (ATV- Abwasser Technische Vereinigung, Deutschland),
will be presented and the suggestions for improvements will be given. In relation to the
transition from small to steep energy gradients further elaboration of the existing
formulae for velocity computation after Torricelli, is also presented.

.H\ZRUGV

Vortex, vorticity, horizontal vortex, vertical vortex, helical flow, shaft drainage, water
jump.



B1 2/19

��&RQGLWLRQV�IRU�IOXLG�IORZ

'LIIHUHQWLDO�(TXDWLRQV
1.  Continuity
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for incompressible flow 0=⋅∇ Y
2.  Momentum
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For constant density and viscosity the momentum equation is

Y%S
'W
'Y

L

2∇++−∇= µρ

3. Energy equation
P

UY
TT7YS

'W
'7

F +Φ+∇−∇+⋅∇−= 2κρ

6\PEROV

p –  pressure                                                       ρ - density
Bi– body force vector per unit volume

U
T - radiation heat flux vector

κ - thermal conductivity                                   PT - interval heat generation rate per unit volume
v – velocity vector Φ - dissipation function

µ -viscosity Y
F -  specific heat

T – absolute temperature 
L
[ -  position

T – time                                                              
'W

'
- substantial or material derivative
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Assuming that for vortex the following equations for angular velocity are valid

.
2

FRQVW
U
& ==ϕ& (1)

GW
G ϕϕ =& ; (2)

where ϕ  is rotation angle, r a distance between surface and vertical axis of outflow.

Inflow velocity can be written as ϕ&DY
L

=  where a is distance between axis of inflow

and vertical axis of outflow
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Velocity vector may be written as
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1

 ; (9)

where 
r
∇  is vector differential operator in cylindrical coordinates, ρ  stand for density, p

represent a pressure and .
r

 is space vector. Therefore the velocity is

2222 ωϕ ++= &&
r

UUY  ;  (10)

and after substitution we obtain the velocity for potential vortex flow as
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and computing a force per unit mass (.
r

- space vector), we recover
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−
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)1( 2µ+−= J.
]

r
(14)
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����,GHDO�IOXLG
We discus the flow of incompressible fluid which represents a stationary regime.

The velocity of fluid particles in a pipeline at arbitrary position in time can be expressed
with velocity field ).(UY

rr
 Velocity field may be described with the streamlines. The

tangent at an arbitrary point on the streamline represents the velocity vector. For
incompressible fluid flow in pipeline the following equation is valid

GLY Y
r = 0 (15)

In such a case the streamlines are connected lines and the particles flow depends on the
vorticity in fluid. Velocity field )(UY

rr
 is continuous so the vorticity vector )(U

rrω may be
determined as

)()()( UYUYURWU
rrrrrr ×∇==ω ; (16)

Suppose that we know the vorticity vector )(U
rrω  in certain cross section in time, then

the velocity vector )(UY
rr

 on the distance of pipeline radius U
r

 is the sum of total vorticity
field

9G
UU

UUU
UY ′

′−

′−×′
= ∫∫∫ 3

)()(

4

1
)( rr

rrrr
rv ω

π
; (17)

This equation can be defined with the use of the velocity field vector potential +
r

:

+URWY
rr = ; (18)

and we obtain

++GLYJUDG+URWURWYURWU
vvvvrr 2)()()( ∇−===ω . (19)

When we request that for vector field the equation 0=+GLY
v

is valid, we obtain

)(2 U+
vvv

ω−=∇ (20)

The solution of this equation with boundary condition 0=+
w

 gives

∫∫∫ ′−
′′

=
UU
9GU

U+ vw

vv
vv )(

4

1
)(

ω
π

 .  (21)

After integrating over the domain where vorticity vector 0)( ≠U
vvω yielding result
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9G
UU
U

URWU+URWUY ′











′−

′
== ∫∫∫ vv

vv
vvvv )(

4

1
)()(

ω
π

; (22)

which is the same as already above-mentioned solution.

Vorticity field )(U
vvω  can be described with vorticity lines that connect the points in a

way that the vorticity vector represent the tangent on the vorticity line in every point.
Several vorticity lines together form a vorticity pipe (similar as streamline pipe or
solenoid). Vorticity pipe with small cross section is vorticity thread. As for the
streamline pipe, also for the vorticity pipe the mass conservation law is valid.

Figure 1: Helical flow for ideal and real fluid

With the velocity integral, the velocity circulation is obtained

Γ=⋅∫ 6GY
vv

(23)

where 6G
v

 is a curve element. The curves C,C1,C2 and also C’ and C’’ lies on the
vorticity pipe. Circulation at the concluded way is

0
21

=⋅=⋅ ∫∫∫
′′+′++

6G6GY
&&&&

vvvv ω ; (24)

because the vorticity vector ωv  is rectangular to the area 6G
v

. Integrals at C’ and C’’ are
exterminated and we obtain

∫∫ ⋅=⋅
21 &&

6GY6GY
vvvv

; (25)

The circulation Γ  is always the same for one vorticity pipe

∫ ∫∫ ∫∫ ⋅=⋅=⋅=Γ 6G6GYURW6GY
vvvvvv ω ; (26)
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where we have

     
G6
GΓ=ω (27)

which means that the vorticity movement is more intensive by smaller cross section. We
can also conclude that the following relations are valid

6GUG9G ′⋅′=′ ; (28)

where dr’ is element on the vorticity thread and dS’ threads cross section. Also

Γ′⋅′==′⋅′′=′ GUG6GUGU6GUGU9GU
vvvvvvvvv

’)’()()( /ωωω ;  (29)

Vectors ωv  and UG ′v  are collinear which gives

∫∫∫∫∫∫ ′−
′−×′

Γ ′=
′−

′−×′⋅′
=

33

)(

4

1)()(

4

1
)(

UU

UUUG
G

UU

UU9GU
UY vv

vvv

vv

vvvv
vv

π
ω

π
; (30)

����5HDO�IOXLG

In this case the velocity of fluid particles in a pipeline at arbitrary position in time can be
expressed with














++

−
= 022

0

22

0 ,,),,( Y
\[

[

\[

\
]\[Y

ωωv
; (31)

)0,,()0( 00 \[Y =v
(32)

WYW] 0)( = (33)

.22 FRQVW[\ =+  ⇒  regime is on the circle 2
0

2
0 \[ +

)(cos)( WI5W[ = ⇒ II5[ && ⋅−= sin (34)

)(sin)( WI5W\ = ⇒ II5\ && ⋅= cos (35)

The streamline function can be written as






= WY

5
W

5
5
W

5WY 0,sin,cos)(
ωωv

 (36)






 −= 0,
)(

,
)(

Y
]J

[
]J
\

Y
ρρ

v
(37)

with the corresponding solutions
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(39)

and further for the unit mass we obtain the force
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)1( 2µ+−= J.
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v
(42)
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55
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(43)

( )WWYWW5WW5WU ⋅⋅⋅= )(),)(sin(),)(cos()( ωωv
(44)

8QLIRUP�IORZ  R =const.
                      v = const.

1RQXQLIRUP�IORZ

( ) ),cos,sin(,cos,sin YW5W5WYW5W5Y ′′′+−= ωωωωωωωωv
(45)

What is )(UY
vv

 in this case? At constant value we have ( ))(,)(,)(),,( ]Y[]\]]\[Y ωω−=v

When this velocity has divergence equal to zero? Possibilities are
1. when 0)( =′ ]Y  it follows ( )0,)(,)(),,( Y[]\]]\[Y ωω−=v

; ( ) FRQVW]Y =

2. when 22 \[5 +=  then ( ) ))(,),(,,(),,( 2222 ]Y[\[]\\[]]\[Y ++−= ωωv

and )()( ]Y]Y[
\

\
[

YGLY ′=′+⋅
∂
∂+⋅

∂
∂−=

ρρ
ω

ρρ
ωv
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In stationary conditions ( ) 0Y]Y =  is valid. If the velocity is a function then we must

write ( )]Y . If we want that 0=YGLY
r

, means that also v(z) must be a constant. Let say

that v(z)= 0Y . In this the velocity is 222
0 )( ωω +′+ W5Y

The velocity will be a constant when

02
2

2

=
∂
∂+⋅

∂
∂

W
W

W
ωω

(46)

with the solution

W
5I )(=ω                

2W5
&=ω (47)

The streamline function can be written as

( )0),(cos),(sin,cos,sin YWW5WW5Y
5
W

5
W

Y ωωωωωωωωωω +′+′−=




=v

(48)

22 YYY +== ωv
(49)

and the acceleration is

WU
DDWWW5

WWW5
5
W

55
W

5
D

vv

v

+=−′+′′+

++′−=





−−=

)0,cos,sin)(2(

)0,sin,(cos)(0,sin,cos 2
22

ωωωω

ωωωωωωωω
(50)

Therefore we obtain the accelerations:
- radial acceleration is  2)( ωω +′== W5DD

UU

v
(51)

- tangential acceleration is )2( ωω ′+′′== W5DD
WW

v
(52)

The next question is when helical or circular – tangential (spiral) acceleration lose the
influence?

02 =+ ωω &&&W  (53)

1.) .0 FRQVW=⇒== ωωα &
2.) if we mark αω =&  tangential acceleration is negligible if the function ω  takes

the form N
W
&

W +=)(ω , which mean that the tangential acceleration has no more

influence. As long as the helical flow exists there is no interrupt of the fluid flow.
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Some solutions for steep gradient sewage used in the Central Europe are presented on
Figure 2.

Figure 2: Some existing examples for steep energy gradients
 used in Central Europe

In Switzerland we can found the solutions on a steep side of a hill in a form of
vertical connection between two shafts as well as serpentine shape solutions. In both
cases in the lower shaft the minimal water height is assured with the special way of
outflow. In the alpine part of nordern Italy the solution with the inflow possibility above
the surface and also at the bottom of the shaft, can be found. In Bayern (Germany) a few
solutions are possible following the ATV 241 instructions. These are shafts with or
without inflow pipe and reflection board. For higher gradients we can found the
examples with the upper shaft for the fluid vorticity and classical lower shaft. In Austria
the solution with shafts enabling the horizontal vortex formation dominated. Such
solutions in Schladming (ski world cup center), Kaprun, Sonnenkopf, Malnitz, etc., are
used.

On a hydraulic model (Figure 3.) the characteristic water outflow are presented where
on one side the vortex is implemented and on the other side not.
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Figure 3: Hydraulic model

In transition from small to steep gradients α > 20o  - Figure 4. (figures 1. - 12) on the
basis of the model research we can conclude that it is suitable to use additional water
vorticity and not only horizontal.

On the basis of Figure 4., we can observe the meaning of hydraulic gradient ,  and
comparison between αsin  and αWJ . Also today we often find an exchange of those two
terms in the literature.
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Figure 4: Characteristic parameters of hydraulic gradient

����,QIOXHQFH�DUHD�RI�K\GUDXOLF�JUDGLHQW

On the basis of the Table 1. the influence area of hydraulic gradient ,  is presented on

the Figure 5. in the form αsin=, and ( ) 5.05.02/1 sinα== ,, . We are dealing with the

inclination in interval °≤≤° 900 α  and therefore conclude that 0min =, (0 %) ⇒
°= 0α  for minimal inclination and 1max =,  (100 %) ⇒ °= 90α  for maximal

inclination. Consequently hydraulic gradient lies in interval 10 ≤≤ , .
From Table 1. which is accompanied with the Figure 5. we can observe that sinα

and tgα  are almost the same until the inclination is less than °≅ 15α . Neglecting small
deviations this limit is around °≈ 20α . When the inclination α > °20  it is obviously

clear that any comparison between αsin=, , ( )2

1
2

1

sinα=,  and αWJ, = , 2

1

2

1

αWJ, =  is
unlogical. On the basis of this observations we may divide the influence area as

• small values for α < °20 ,
• high values when α > °20 .
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Conclusion of the above explanation, that definition of hydraulic gradient as αWJ, =  is
unlogical and without any sense, can be expressed. Hydraulic gradient ,  represents the

ratio 
/
K

, = , where the length L means the real length of the pipeline transporting the

fluid and not the projection of this length on a horizont.

Figure 5. The influence of hydraulic gradient and the terrain inclination

Also we can conclude that different tables for calculating pipe diameters according to
the hydraulic gradient in the form of 145 =°== WJWJ, α (that represent 100%
inclination) are matchless. In such a case we need to ask ourselves where is the control
between the fluid velocity as calculated in those tables and the fluid velocity in pipeline
at real operating conditions. From Figure 5. we can also observe that the influence of
hydraulic gradient is nonuniform. Until °≤ 20α  there is 58% of the whole problem on
hand, for °≤≤° 4520 α  we have already 84% and for the interval °≤≤° 9045 α  there
is only 16% of the whole problems left. It is normal to anticipate that the fluid velocity
is higher with larger inclination. For that reason in the interval °≤≤° 9045 α  there are,
gentle said, some unlogical constellations. This unlogicality derive from the ratio

/
K

, = . It is also a question of correctness of expression for velocity in the case of

vertical and horizontal pipe or the pipe with a small inclination. In the expressions for

the fluid velocity in most cases the hydraulic gradient is presented in the form 5.02

1

,, = .
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On the Figure 5. we attend how the function is going on and we can see that there is a
very little difference between this function and a circle. Also we can observe the

function 41.12 =  and gold section 618.1
2

51 =+
 and finally conclude that gold

section is very well suited for representing the hydraulic gradients for small and high
angles α .

α° I I I^(1/2) I^(1/2)
Sin(α ) Tg(α ) Sin(α )^(1/2) Tg(α )^(1/2)

0 0 0 0 0

2 0.034899 0.034921 0.1868141 0.186871

5 0.087156 0.087489 0.2952215 0.2957848

7 0.121869 0.122785 0.3490979 0.3504063

10 0.173648 0.176327 0.4167111 0.4199131

15 0.258819 0.267949 0.5087426 0.5176381

17 0.292372 0.305731 0.5407141 0.5529292

20 0.34202 0.36397 0.5848249 0.6032995

25 0.422618 0.466308 0.650091 0.6828672

30 0.5 0.57735 0.7071068 0.7598357

35 0.573576 0.700208 0.7573483 0.836784

40 0.642788 0.8391 0.8017404 0.9160238

45 0.707107 1 0.8408964 1

50 0.766044 1.191754 0.8752396 1.0916747

55 0.819152 0.9050702

60 0.866025 0.9306049

70 0.939693 0.9693774

80 0.984808 0.9923748

90 1 1

Table 1. Values of characteristic parameters.

����&RPSDULVRQ�EHWZHHQ�FKDUDFWHULVWLF�H[SUHVVLRQV�IRU�YHORFLW\�DQG�VXJJHVWLRQ�IRU
DGGLWLRQ

• Evangelista Torricelli (1608-1647) was a student of Galileo Galilei (1564-1642). In
the literature today the Torricelli expression [5], [6] for the flow velocity can be found

JKY 2= (54)

where the regime of flow is not mentioned, or in the additional form as

JKY 2µ= (55)

with the coefficient of contraction µ  ( 1<µ ) included.

• Specific energy and critical depth [3] are written as Y\T
J
Y

\(
V

=+= ;
2

2

. The depth
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for minimum energy yc is called critical depth and the velocity of flow at critical depth

where Froud number 
F

U

J\

Y
) =  [8] is equal to unity ( 1=

U
) ) is

FF
J\Y = , (56)

where yc = h and the flow regime is included in Froud number.

• For hydraulic jump [8] we can write

JKY = (57)

• Outflow of the fluid from the reservoir [9]

JKY 2= JKY 2µ= 1≤µ (58)

After mentioned expressions, following the work of Torricelli, the graphical
presentation of a velocity function is given on Figure 6.

Figure 6. Velocity calculation

The coordinate values for the curve on the scheme are taken from ’’Opera di
Evangelista Torricelli) [5]. Coordinate y represents the height and x coordinate represent
velocity. Expression beyond the right scheme is the third order polynomial. Because of

y

x

v H
0 0

4,99 0
9,96 0,12

14,98 0,94
19,95 2,11
24,97 4,31
29,97 6,86
34,95 10,53
39,98 14,89
44,96 19,81
49,97 25,56
54,97 31,31
59,99 38
64,97 45,21
69,95 54,11
74,98 63,22
79,95 73,55
84,97 85,7
89,99 98,62
94,99 113,03
99,97 128,8

104,99 145,94
109,96 165,82
114,98 190,71
119,95 219,56

Castelli Torricelli

Torricelli

31.22832.00006.00001.0 23 −⋅+⋅−⋅= [[[\ Loria, G., Vassura, G., (1919):
 Opere di Evangelista  Torricelli
(De Motu Aquarum, Page 185)

gh2v =
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different basic expressions for the velocity the suggestion for the further improvement
of the formulae, is given as

.
JK

Y
2= (59)

where K is a flow characteristics that can be divided for:
K = 1  propagation wave
K = 1  for uniform distribution of velocity
K =  1,02 – 1,15 for turbulent flow ( G. de Marchi )
K =  2 for laminar flow

����9RUWH[�LQ�ZDWHU�RXWIORZ�LQVWDODWLRQ

Figure 7. Water outflow instalation in house

On the right picture of the Figure 7. the classical solution of water outflow instalation
is presented, while on the left hand side there is a solution with the use of vortex or
solution with rotation. The advantage of the later lies in reduction of outflow water
velocity and also a considerable reduction of noise. Measured results are 73 - 75 dB
noise with the classical and 52 - 53 dB with the vortex solution.

�� 6XJJHVWLRQV�IRU�$79�$�����VROXWLRQV

Suggestions for improvement of some technical solutions given in ATV A-241
(Abwasser Technische Vereinigung, Deutschland),�are presented in Figure 8., where the
numbers that mark the single solutions are according to the cited regulations.
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8.2.1 Input shaft – present solution 8.2.1 Input shaft - proposal of the new solution

8.2.2 Input shaft - present solution 8.2.2 Input shaft - proposal of the new solution

8.2.3 Input shaft – present solution 8.2.3 Input shaft – proposal of the new solution
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8.2.4 Input shaft with cascades – present
solution

8.2.4 Input shaft with cascades - proposal of the
new solution

8.2.5 Input shaft with powerful change of
energy level - present solution

8.2.5 Input shaft with powerful change of
energy level - proposal of the new solution
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6�&RQFOXVLRQ

1. As long as the helical flow exists there is no interrupt of the fluid flow.
2. Break points in a vertical plane of the cross section are dangerous for interrupting of
the helical flow. On such a places the use of vortex is suitable.
3. As long as the proper rotation with indicated center of the rotation and afterwards
helical flow in vertical or inclined pipe is present, there is no need to limit the length
between vortex shafts. In this case, the length between vortex shafts may be longer than
100 m, which is also valid for the vertical difference between shafts.
4. A properly modeled vortex reduces the noise in the pipe.
5. Vortex enables easier realization of the canalization objects.
6. In the canalization, the horizontal and vertical vortex must be taken into account.
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$EVWUDFW

Leakage losses in a water distribution network increase significantly for higher
pressures and an obvious way of reducing losses is by reducing network pressures.  The
origin of these difficulties is, among other causes, the feeding pressure. An efficient
solution, but less used in present, is the promotion of the self acting – automatic
pressure control valves. This paper presents technical details that we considered
necessary for a better knowledge of the functional principle of these devices, giving
possibilities to find specifically applications of these. The self-operated controller is a
self-contained regulating device, which includes the set-value adjuster, transducer,
control point element, controller. For simulating in MATLAB the downstream-upstream
pressure controlling, we use the diagram of fluid circuit on which control valve is
mounted  and we obtained the dynamic results of the simulation.

.H\ZRUGV

Pressure control; dynamic simulation

���,QWURGXFWLRQ

Leakage losses in a water distribution network increase significantly for higher
pressures and an obvious way of reducing losses is by reducing network pressures. 

Pressure variations are generated by:
- uncontrollable flows absorbed by the customers;
- uncontrollable transient flows;
- insufficient pressure service at source;
- pressure peaks over and under normal pressure, inducted by uneven hydraulics

phenomenon;
- excessive or accidental leakage losses.

The origin of these difficulties is, among other causes, the feeding pressure. An
efficient solution, but less used in present, is the promotion of the self acting –
automatic pressure control valves. This paper presents technical details that we
considered necessary for a better knowledge of the functional principle of these devices,
giving possibilities to find specifically applications of these.
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Any project for realization or/and modernization of the water distribution systems
must have theoretical support. Self-acting control valves must be included in the general
methodology for pressure management in a water distribution network, using a
computational program. The hypotheses that must be considered are:

- water demand – determined by the nature of using and the customer’s activities;
- water property – imposed by consumer exigency and regulations;
- water energy – to provide water transportation and normal pressure for customer;
- safe exploitation – expressing through continuously in providing quantitative and

qualitative parameters.
Of course, hypotheses are relative and each of these four categories is interdependent

and all of these have economics consequences.

���7KH�SUHVVXUH�VHUYLFH

The pressure service imposed in distribution network depend by:
- the geographical position of the customer;
- the minimum pressure impose in point of the receiving;
- the loss pressure in interior installation of the customer;
- the loss pressure on branch pipe.

The minimum value accepted for pressure service is between 1 bar and 2,5 bar, these
pressures allowed the utilization of sanitary objects and electrical device by buildings
with height till to P+3E.

The geographical delimitation for distribution network is conditioned by these
values. In many real situations, the relief and configuration of the distribution networks
conduct to the exceeding of this interval, with unfavorable consequence in determining
the pressure.

To establish service pressure necessary to be assured in each situation, a number of
functions must take in account: specific relief, height of the region, geometrical and
hydraulic characteristics interior installation and utilization pressure to consumers.

With informative title, accepted like admissible value to branch pipe, in function by
the number of levels Q, service pressure is:

The maximum admissible statically pressure must be 6 bars, imposed by the nominal
pressure of the fittings.

In the case of high buildings and very high, it is possible to exceed the admissible
maximum pressure and in these cases it is justify to function with different distribution
network, at specific pressure.

Pressure growth in distribution network is equivalent, near always, with the increase
of the power consumption. Simultaneous, it raises the volume of the leakage losses in a
water distribution network and the initial consumption quantity in interior installations.

Independently of the variations of the pressure at source, it is important for these
variations on the branch pipe to be as small as possible, all around of the minimum
value of service.
In this way we ensure:

- increasing the comfort degree of the customers;

][
10

41
EDU

Q
3

+=
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- increasing the efficiency and extension the life time of the fittings and devices;
- leakage losses diminution through no-tightness;
- diminution of the cracking risk or of the tearing of the pipes.

Keeping up the service pressure in determinate limits, in certain section, can be
landing in two distinct manners, as follows:

- satisfying conditions in permanent mode, or
- accepting, in outstanding limits conditions; just like diminution of the service

pressure in case of huge simultaneous flows.
For the first method it is usually to use self-acting control systems.

��6HOI�DFWLQJ�DXWRPDWLF�SUHVVXUH�FRQWURO�YDOYHV

The modification of the hydraulic cross-section of a fluid through a pipe or duct can
carried out by means of two classes of control devices: valves and damper plates or
flaps. The term self-acting (self-operated or direct action) regulators apply to those
control devices in which the transducer actuates on the final control element by a system
of mechanical transmission, without amplification of the signal. In consequence, the

energy required to displace the
final control element is wholly
supplied by the sensor, which
takes it over the controlled
medium. The self-operated
controller is a self-contained
regulating device, which includes
the set-value adjuster, transducer,
control point element, controller.

)LJXUH���±�:RUNLQJ�SULQFLSOH���
±� PDLQ� YDOYH�� �� ±� K\GUDXOLF
UHVLVWDQFH�� �� ±� SLORW�� �� ±
PHPEUDQH�

The working principle for a pressure-reducing valve is presented in fig.1. When the
down-stream pressure rises, the pilot valve 3 closes. Pressure in the upper chamber rises
also and forces the membrane to close the main valve 1 witch reproduces the movement
of the pilot. When the downstream pressure is to low, no pressure is acting on the
membrane and the pilot opens, pressure in the upper chamber is released and the main
valve 1 opens reproducing the movement of the pilot. For controlling, the pilot is set at a
given downstream pressure to be maintained. If the pressure downstream is higher than
the setting pressure, the main valve works in closing phase until the setting pressure is
reached. When the down pressure is below the setting pressure, the valve works in
opening phase until the setting pressure is reached downstream. The upstream pressure
must be fairly higher than the setting pressure.

The role of control valves in their many functions is to restore the balance by
regulating water distribution according to pre-determinate priorities: controlling
downstream pressure, controlling upstream pressure, differential pressure control,
controlling downstream/ upstream pressure.
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�� 0$7/$%� VLPXODWLRQ� IRU� VHOI�DFWLQJ� DXWRPDWLF� SUHVVXUH� FRQWURO
YDOYHV

The peculiarity of the simulation diagram in Fig. 2 consists in using those two
references:

- the upstream reference pressure
- the downstream reference pressure
The priority of the control loop in which the regulating valve is included is assured

by changing the reference through a switch driven (Relay) by the state of the upstream
pressure. Provided that the upstream area pressure is protected when the lower area
requires increased flows. Thus is achieved the dynamic coupling of some areas with
different conditions of static pressure.

In the MATLAB model diagram, the applied input data are the pressure variations of
the upstream pressure source, as well as various variation hypotheses for the upstream
and downstream hydraulic resistances (simulating the upstream fluctuations or the
variable requirements of flows in the downstream area).

By the moments of time at which the variations of these measures are set, we can
identify and monitor the way in which the systems responds.

The main condition that can be thus assured is the exploitation of the water source
(underground collecting) from the upper area at the maximum capable flow, by
undertaking a part from the lower area, which under normal conditions is supplied by
surface sources.

The integration of the self acting pressure controllers is achieved by mounting these
controllers on level curves. A special issue is to determine the height at which these
devices should be mounted in order to minimize their number. In case the concrete
position on vertical plane is different than the established medium height, the difference
will be set, with its corresponding mark, as reference value for that controller.

For modeling the self acting pressure controllers, the authors used the following
MATLAB original functions:

- debb - calculates the flow in the network sector, described by the upstream
pressure, the upstream and downstream hydraulic resistances, as well as by the kv
parameter of the regulating valve;

- pressamo - calculates the pressure drop upstream the pressure controller;
- press - calculates the upstream pressure drop, including the pressure controller;
- kv = f(H) - interpolation table for the hydraulic characteristic of the valve. Its shape

was adopted arbitrarily, with values from the usual range.
The validation of working principle of the simulation diagram was achieved by

applying it for downstream  control valves and also upstream control valves.

����'RZQVWUHDP��SUHVVXUH�FRQWUROOLQJ�±�0$7/$%�VLPXODWLRQ
This self-acting control system maintains a constant preset reduced downstream

pressure regardless of variations in downstream demand or upstream pressure. These
valves reduce:
- distribution pressure when the supply comes from a source situated at a relatively high
level;
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- 
)LJXUH� �� ±� 'LDJUDP� �0$7/$%� ZLWK� 6,08/,1.�� IRU� � GRZQVWUHDP�XSVWUHDP
FRQWURO�YDOYHV�VLPXODWLRQ
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- distribution pressure to a working level for a given zone;
- the pressure at the discharge side of a pump when it is too high;
- pressure in an irrigation system.

Equipped with non-return valves (check valves), it closes automatically in case of a
return of water or it opens automatically to reverse the direction of flow if the upstream
pressure becomes less than the downstream pressure.

For simulating in MATLAB the downstream pressure controlling, we use the
diagram of fluid circuit on which control valve is mounted (Fig.3). Fig. 4 must be
inspected, with the dynamic results of the simulation.

)LJXUH�����'LDJUDP�RI�IOXLG�FLUFXLW�IRU�GRZQVWUHDP�SUHVVXUH�FRQWUROOLQJ

)LJXUH� �� ±� 'RZQVWUHDP� SUHVVXUH� FRQWUROOLQJ� VLPXODWLRQ�� 36�  � YDULDEOH� LQSXW�
+5� �FRQVWDQW��+5�� �YDULDEOH�

����8SVWUHDP�SUHVVXUH�FRQWUROOLQJ±0$7/$%�VLPXODWLRQ
This self-acting control system maintains a constant preset upstream pressure

whatever the variations in downstream demand. This valve guarantees the maintenance
of pressure upstream. It can also prevent the flow rate intake in a pump from falling
bellow a safe minimum. It prevents overstretching of pumping capacity when the
demand is too great. Equipped with non-return valves, it closes automatically in the
event of a return of water, or it opens automatically to reverse water flow if the
upstream pressure becomes less than the downstream pressure.
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For simulating in MATLAB the upstream pressure controlling, we use the diagram
of fluid circuit on which control valve is mounted (Fig.5). Fig.6 must be inspected, with
the dynamic results of the simulation.

)LJ������'LDJUDP�RI�IOXLG�FLUFXLW�IRU�XSVWUHDP�SUHVVXUH��FRQWUROOLQJ

)LJXUH���±�8SVWUHDP�SUHVVXUH�FRQWUROOLQJ�VLPXODWLRQ��36� �YDULDEOH� LQSXW��+5� 
YDULDEOH��+5�� �YDULDEOH�

�� 0$7/$%� VLPXODWLRQ� IRU� VHOI�DFWLQJ� DXWRPDWLF� XSVWUHDP�
GRZQVWUHDP�SUHVVXUH�FRQWURO�YDOYHV

This self-acting control system maintains a constant preset reduced downstream
pressure regardless of variations in downstream demand or upstream pressure. This
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valve guarantees the maintenance of pressure upstream, after the downstream demand
become higher and the downstream pressure is impossible to maintained.

For simulating in MATLAB the downstream-upstream pressure controlling, we use
the diagram of fluid circuit on which control valve is mounted (Fig.7). Fig. 8 must be
inspected, with the dynamic results of the simulation.

)LJXUH���±�'LDJUDP�RI�IOXLG�FLUFXLW�IRU�XSVWUHDP�SUHVVXUH��FRQWUROOLQJ

)LJXUH���±�'RZQVWUHDP�8SVWUHDP�SUHVVXUH�FRQWUROOLQJ�VLPXODWLRQ�

The simulation presented in fig.8 has the next parameters:
- Injection pressure = a) initial input = 16; slope= -5; start time = 0.

b) initial input = 10; slope= 14; start time = 3.2.
- RH1 = 1 if time = (0 to 1); RH1 = 0.7 if t>1;
- RH2 = 1 if time = (0 to 3.8); RH2 = 0.6 if t>3.8;
These hypothesis cover all the possibilities for the pressure evolution.
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��&RQFOXVLRQV

Simulating in MATLAB, achieved by the authors, is a powerful instrument for a
better understanding and for efficiently integration in water systems. Self-acting
pressure regulators are comparatively simple instruments from a constructional point of
view. They are reliable and cheap, which explains their applications in water
distribution network.

The work demonstrates the importance of the unitary analyses of the self acting
pressure controllers, by simulating their functioning on a network sector.

We can thus outline limitations of the utilization possibilities and more than this we
can determine the pressure variation limits, including by considering the controller
specific response time.

The simulation offers to the experts from the water distribution networks exploitation
the possibility to observe and to know the interactions between the pressure controllers
and the network, decreasing thus the number of manual maneuvers.
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$EVWUDFW

Water is critical for sustaining development in tropical Africa.  Population growth
must be met while maintaining the standard of service.  Discussions in this paper are
concentrated on rural areas water supply that forms 60% of total demand.  It should be
emphasised that sustainable development can only be achieved through the
decentralisation and privatisation of water supply services and the creation of local
industries based on local artisan and professional skill development.  The technologies
adopted should be simple, durable with low maintenance and repair demands and
suitable for rural community management.  In this connection application of renewable
energy technologies like hand pumps, wind pumps, soar pumps are discussed with
related cost analysis.  To reduce government expenditures and water resources, water
services should be paid for or contribution in kind made by users in one way or the
other.  Regular evaluations of the state of art should be made and clear specifications on
the range of technologies appropriate for the job provided, in order to identify the best
options for providing sustainable yields that meet the community needs.  Policies
suggested in this paper can be communicated throughout the government system and
also made available to both local communities and private sector.

.H\ZRUGV

Technologies; cost comparison; suggestions

��,QWURGXFWLRQ

Botswana water resource is scarce and the annual demand projected to increase from
135 to 350 million cubic meter in 25 years period.  Permanent water shortage, higher
amounts of evaporation than precipitation, regular droughts, groundwater mining due
to limited recharge are all related to natural climatic conditions for which the water
supply systems must be designed to cope up.  Majority of people lives in rural
villages and depends mainly with groundwater.  A tripartite settlement pattern
between village lands area and cattle-post living is still maintained.  People and
livestock are mutually inter-dependant and hence drinking water is directly linked to
watering of livestock also.  Livestock raising is becoming principle source of rural
income for majority of population.  Water position in Botswana involves a mixed
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approach, where central and local Government shares responsibilities for services.
The programme to provide all villages with reasonable access to safe water has been
a tremendous task.  The objectives of water provision for village households with
access to water points within 200m, and the ongoing evaluation of land area, water
provision is a worth goal in a developing country context, but need to be
economically realistic!  Water supply provision is officially limited to villages at
least 5 years old, with a minimum of 100 households or 500 inhabitants and having
been under the control of Local District Councils.  But these conditions are not
always being met with and many smaller villages and settlements are still under
waiting list for the provision of satisfactory water supply. [1, 2]

��:DWHU�7HFKQRORJLHV�±�7KH�6WDWH�RI�$UW

����3XPSV�DQG�'LHVHO�HQJLQHV
Over several decades ’Mono’ screw pumps and ’Lister’ diesel engines have been

widely
Used for extracting ground water in Botswana.  This has been a successful approach
since a constant production and operation quality and reliability has been achieved. This
has mainly emerged from the establishment of a government policy, which allowed the
creation of a private supply and maintenance market.  This concept has proven to be
adequate for the large range of users at present. A support structure including the
design/ installation/ repair/ maintenance and training of local staff and caretakers has
been established.  The great versatile of diesel engines makes it difficult to find a better
power resource.  The major disadvantage of this system has been its operation and
Maintenance cost - somebody has to be trained to take care of pump and the engine
together with fuel cost represent the reason for the total recurrent costs.  High transport
requirements/ costs due to the level of service and monitoring needed also do not favour
this option for application in rural areas.  Furthermore, the overall efficiency of this
system is only 6 – 10%

�����5HQHZDEOH�(QHUJ\�6\VWHPV
Renewable energy systems include hand, solar and wind pumping applications.  A

project has been undertaken during 1986 – 1990 aimed at establishing the future
potential of renewable energy systems on a technical and economical basis.  Although
the project was complemented for unknown reasons its recommendations were not
implemented.  No follow-up from the government has been observed.

��5HQHZDEOH�(QHUJ\�7HFKQRORJLHV�±�7KH�6WDWH�RI�$UW

Major achievements in renewable energy technologies include the following

����:LQG�PLO�SXPSV
Rotary pumps are at present able to pump from 200 – 300 m depth, however yields at

this depth are limited to 5 – 8 m3/day in average wind speeds of 3 m/s.  In the range
from 10 – 100 m depths several options are available, which provides a discharge
between 10 – 30m3/day again based on average conditions.  Wind pumps are designed
to most reliable requiring least maintenance and attention.  They are expected to run
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unattended with only minor service once annually and major service or replacement
only after 80 000 operational hours which is 6 to 10 times the span of a small diesel
engine.  Inevitably they are expensive in relation to their power output because of the
robust nature of their construction.  However the minimum recurrent costs make them a
highly viable option especially in the coastal territories of Africa.  In other places the
major constraint remains with the available wind speeds.  Botswana being an interior
land locked country with less wind speed potential this method is less significant.  The
available power from a wind pump is given by

P = K V 3, where P = average available power from wind mil and V = wind velocity in
m/s obtained from wind pattern density function and K = constant of proportionality.

It is found from few experimental wind mil stations in tropical African countries that
the overall system efficiency which varies with the design concept and available wind
speeds, ranges between 5 – 15 %.

�����+DQG�SXPSV
The hand pumps option is found to be the lowest cost option for the low yields in

rural areas.  The need for standardisation of handpumps for covering various
applications has been already acknowledged and implemented by ministries and
organisations.  Henceforth the major objectives to be followed are the dissemination,
reduce confusion and to create a supply network.  However the standardisation is not
always adhered to at all levels.  Pumping equipment today, offers a range of operational
modes i.e. traditional direct lift and lever action which are able to pump at a total head
up to 110m of forced lift beyond the pump and transport through pipes to water
reservoirs all of which are highly reliable and low maintenance systems.  Still hand
pumps are operated by hand which will reticulate village water supply for an individual
household with an operator, as water has to be pumped in to an overhead tank.  The
overall efficiency of the system is 50 – 60%.

�����6RODU�3XPSV
Solar pumping system is found to very expensive and cannot be used if total

pumping head exceeds 150m or the power required is more than 1 to 1.5 kW as the
number of panels needed are too expensive compared to other systems.  DC and AC
systems are available.  DC systems tend to be more expensive on the pump side,
however they have a higher total efficiency, demand smaller PV (Photo Voltaic) arrays
and have lower recurrent costs than AC systems.  AC pumps utilise conventional
electric motors which are of lower price but have higher maintenance demands.  Battery
systems are inefficient and expensive too.  In addition local arid climatic conditions
may adversely affect their life and efficiency.  Using inverters to change DC to AC
voltage also demands batteries for power storage (often inverters cannot operate without
a continuous supply of power).  Inverters (maximum efficiency about 80%) are one of
the vulnerable systems components when converting power from DC to AC.  These
units are rated for the start up surge, which normally will be 4 to 6 times the systems
operational demand.  Investments in reliable units are critical for developing arid
countries since both power rating and operational reliability are linked with highly
expensive units.  Employing power conditioning to convert voltage places emphasis on
regular maintenance by qualified technicians.  Coupling a hybrid system with a standby
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generator require the system to be regularly serviced.  An important factor is
maintenance of the array, being mainly the cleaning of the solar panels to maintain
panel efficiency.  Overall system efficiency varies with the design and the components
used.  Options, which require less maintenance and use less power conditioning
equipment, are the better long-term solution. Table 1 indicates costs for a 1 kW system
operating at 50m depth and figure 1 shows the comparison of different technologies.

7DEOH�����7HFKQRORJ\�FRVW�FRPSDULVRQ�LQ�86��

7HFKQRORJLHV ,QYHVWPHQW
FRVW

$QQXDO�UHFXUUHQW
FRVW

<LHOG
0��KRXU

([SHFWHG�\LHOG
0DLQWHQDQFH

(QJLQH�SRZHUHG
Engine
Pump

Ancillaries
Installation

7RWDO

2200
1900
1200
1200
����

700
140
3160

����

3 - 10

high

high
:LQG�PLOO�SXPSV
Above ground level

Pump
Ancillaries
Installation

7RWDO

3950
1200
1750
1000
����

140
140

140 (labour)

���

0 - 8

low - medium

low
6RODU�SRZHUHG�$&

PV arrays
Inverters

Pump
Ancillaries

(batty/cabl/pipe)
Installation

7RWDO

6500
1250
2950
1000

1200
�����

60
200
140

650 (labour)

����

0 - 10

medium/high

medium/high

6RODU�SRZHUHG�'&
PV arrays

Pump
Ancillaries
Installation

7RWDO

6500
4000
650
650
�����

30
140

420 (labour)

���

0 - 10

medium/high

low
+DQG�SXPSV

Pump
Ancillaries
Installation

7RWDO

1200
140
280
����

30
1670 (labour)

����

1 - 2

low
low

A wind generator is being tested at Botswana. It suited to the country’s arid conditions
and will be the cheapest and most effective alternative power source available.  Wind
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generators are more cost effective than PV.  If limitations concerning the availability of
wind all round the year exists then a solar/wind hybrid could be very easily installed.
This harnesses energy from both wind and sun to provide power, making it very reliable
and efficient source for remote village water pumping.

��2WKHU�7HFKQRORJLHV

�����:DWHU�7UHDWPHQW�6\VWHPV
Where saline groundwater is found supply systems are often limited to desalination.

Passive distillation with solar stills at our laboratory is providing pure water at very
limited yield of 4 to 10 litres per unit per day and requires regular maintenance.  Forced
desalination has been tested through two different technologies; low pressure reverse
osmosis plants - which has produced encouraging results and electro-dialysis, which has
not been successful.  High-pressure reverse osmosis has been recently constructed in
South Africa, which has produced successful results in the process of saline water from

sea but ofcourse, with exorbitant cost for rural applications.  The introduction of these
technologies has given special consideration towards repairs and maintenance demands
, which still have to be quantified. Various technologies for desalination have been tried
and have been proven to be cable of supplying potable water.

Reeds beds have been investigated as biological systems for treatment of municipal,
industrial and private wastewater.  Water quality acceptable for horticulture watering is
successfully achieved.  A project is at present conducted by the author at Rural
Industries Innovation Centre (RIIC) in Maun, Botswana.[2]

�����5DLQZDWHU�KDUYHVWLQJ
In many rural areas in Botswana, Tanzania and Kenya rainwater catchment from

roofs and paved surface floors are in use.  This system has, however, never been fully
operational especially for the supply of potable water because of contamination with
organic impurities.[3]

������6DQG�ULYHUV
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Since sand river water storage capacities are substantial in parts of eastern Botswana
and in many parts of Zimbabwe, several abstraction systems like filter beds and
infiltration galleries have been developed from low yield domestic applications to high
yield commercial farming systems.  The limiting factor is the local river conditions.

�� 3UREOHPV�LQYROYHG

Awareness of technical options in the water sector and general knowledge on
appropriate solutions is very much needed in many arid African countries.  In most
cases evaluations are being undertaken by external consultants on contract basis at high
cost.  Alternate solutions are not in general being widely researched since existing
systems are presently found to be affordable and meet expected service levels.  The
rural communities, which have government officials as their major source of
information, are not always well informed or current technical developments.  Limited
participation in the water supply systems reduces the community responsibilities and
involvement to a minimum.  Government is expected to cater for all aspects from
technology choice and initial investment, to the operation and maintenance costs.

�� 6XJJHVWLRQV

1 Clean water is a pre-requisite for health and development and an economic
product, which has to be valued.  In order to save resources and maintain
sustainable development water services have to be paid for or contributions in
kind should be made by the users in one way or other.

2 Low yield technologies are at present followed in many areas.  The evaluation of
technologies should be based on the appropriateness for the job, for the
community and for the resources available.  The choice of technology should be
QHHGV� GULYHQ� DQG� QRW� WHFKQRORJ\� GULYHQ�  This basically boils out to selecting
options available which will satisfy the need, based on available resources and a
overall economic judgement both involving investment /recurring charges.

3 The lack of awareness and knowledge of appropriate technology options within
the government as well as on a community level must be addressed.
Community involvement will have to be increased and information channels
strengthened and formalised.  Information channels must be made two ways to
cater for dissemination of knowledge and feedback to policy/decision makers to
enable continuous reviews of standards and procedures to be implemented.

4 In establishing the recommended technology ranges. Policy makers and
technical advisors both from within and outside government must be involved.

5 The co-ordination of private sector activities is a crucial factor in the success of
low yield technology implementation.  The balance between providing a high
level of technical assistance and not interfering in the supply demand pattern
must be found.
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6 Local industries need to be organised and operated in a clearly defined regulated
framework.  Standardisation and stable policy are essential conditions.  Public
sector t of Public sector will specially require quality control and quality
assurance.  Certification will affirm that the specifications are adhered to and
this may be achieved by involving independent inspection agencies.  Established
workshops should be identified for certification of water supply technology
manufacture.  To enable immediate quality performance highly skilled staff
should be appointed both at the administration and manufacturing levels for the
initial period.  Specifications towards production resources, machinery and skills
must be available to ensure development of a competitive industry.

7 In a limited market such as Botswana, local manufacture and services can only
succeed if all parties direct orders towards their home industries.  Channelled
order volumes based on rural water supply will ensure economic viability for
small-scale industries, which will also be an incentive for income
diversification.[4]

)LJ����3URSRVHG�,QVWLWXWLRQDO�6WUXFWXUH�IRU�:DWHU�6XSSO\�3URJUDPPH
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8 A structure defining all relevant players in appropriate water supply programmes
is hereby proposed.

9 The desalination programme can be extended and expanded to those areas where
no other viable option for water supply exists.

10 Rehabilitation and improvements of traditional water resources and the
introduction of rainwater catchment systems should be promoted.

11 Recurrent cost existing water supply schemes are major constraint.  Existing
rural village water supplies should be evaluated in light of the existing range of
appropriate technologies in order to reduce recurrent costs and increase
community participation.

12 In the introduction new technologies information channels must be created and
strengthened to cater for dissemination of knowledge and feedback to
policy/decision makers to enable continuous reviews of standards and
procedures.

13 In a city such as Gaborone 18000 m3 of wastewater is produced everyday.
Smaller, although still significant amounts of waste water is produced by
villages and even by individual households.  A clear, policy, backed by the
necessary legislation, is formed for wastewater management.

14 A local, regional and if necessary an international study be conducted by every
African arid countries so that suitable appropriate technology can be decided as
adaptable, available and ultimately transferable.
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$EVWUDFW

  Hot water supply system accounts for more than 30% of all energy consumption in
buildings such as hotel, residential houses and hospitals.  In considering energy
conservation in buildings, therefore, reduction of energy consumption in hot water
supply system poses an important issue.  The first step to grapple with this problem is to
predict water supply temperatures.
  In this report we measured water temperatures at purification facilities in 9 major cities
in Japan, conducted correlation analysis in relation to air temperature, and established
regressive equations to predict water temperature from air temperature. A prediction
method of water temperature is indicated based on the calculation models for two
separate water passages: one from the source of rivers to purification facilities, the other
from purification facilities to distribution pipes.

.H\ZRUGV

Hot water supply system, Water distribution pipes, Water temperature, Prediction
method

���,QWURGXFWLRQ

  The percentages of energy consumption accounted for by hot water supply system in
various types of buildings in Japan are: approximately 3% in office buildings, over 40%
in hospitals, roughly 35% in residential houses and about 30% in hotels (Figure 1).  In
considering energy conservation in buildings, reduction of energy consumption in hot
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water supply system plays an important role.  To measure efficiency of energy
conservation, we used coefficient of energy consumption for hot water supply
(CEC/HW).  In this method Japan is divided into 9 climatic regions and hot water
supply loads are estimated for each region based on monthly water supply temperatures.
Energy control of water supply system, therefore, necessitates prediction of water
temperatures.
  In Japan approximately 30% of water used for water works is derived from
underground and 70% from rivers (Figure 2).  The temperatures of river water when
passing through purification facilities and distribution pipes are affected by weather
conditions, particularly by air temperatures, and they can be estimated by calculation.
  In this present study we measured water temperatures at purification facilities in 9
cities on the basis of climatic regions in Japan (Figure 3), analyzed their relationship to
air temperature and proposed regression equations to predict water temperature from air
temperature data.  Furthermore, methods for predicting water temperature were
developed for two separate water passages; one from the source of rivers to purification
facilities, the other from purification facilities to distribution pipes.

���&RUUHODWLRQ�EHWZHHQ �:DWHU�DQG�$LU�7HPSHUDWXUHV

����2XWOLQH�RI�6XUYH\�DQG�$QDO\VLV
  Water temperatures at 9 major purification facilities (Sapporo, Sendai, Niigata,
Nagoya, Tokyo, Osaka, Fukuoka, Kagoshima, and Kochi) over the period of 1991-1994
were measured. The climatic data of AMeDAS (Automated Meteorological Data
Acquisition System) were used for air temperatures.
  In order to find annual and seasonal changes in the relationship between water and air
temperatures at the purification facilities in Tokyo, we conducted correlation analysis
both annually (from January through December) and seasonally (spring: April and May,
summer: June to September, fall: October and November, winter: December to March).
Since it is highly likely that previous air temperatures have any effect on the water
temperature at purification facilities, we checked air temperatures of 3 days prior to the
measurement of water temperatures and moving average temperatures of up to 10 days
prior against water temperatures for correlation.  In the following text, tables, and
figures, the day air temperature was measured is designated as DAY-0, 1 day before
DAY-1, 2 days before DAY-2, and 3 days before DAY-3 on the basis of the day
measured water temperature, respectively.

����5HVXOWV
  As the first step we will outline correlation analyses conducted for 4 days (on DAY-0,
DAY-1, DAY-2, DAY-3) and moving average temperatures for up to 10 days before
DAY-0 taking purification facilities in Tokyo for example. Next, the result of correlation
analysis based on annual data of 9 cities and effect of low air temperatures are
discussed.

����5HVXOW�RI�DQDO\VLV�LQ�7RN\R
  Figure 4 shows the fluctuations of air and water temperatures in Tokyo. Water and air
temperatures changed concomitantly, but air temperatures were typically higher than
water temperatures in summer and the tendency was reversed in winter.
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D��$QDO\VLV�EDVHG�RQ�DLU�WHPSHUDWXUHV
  Correlation coefficient between water and air temperatures on each measurement day
(DAY-0, DAY-1, DAY-2, DAY-3) based on annual data is shown in Figure 5, and that
based on seasonal data is shown in Figure 6. Correlation coefficient tended higher for
both annual and seasonal data on DAY-1 and DAY-2.  The highest correlation
coefficient was 0.89 in spring and fall followed by 0.80 in summer and 0.70 in winter.

E��$QDO\VLV�EDVHG�RQ�PRYLQJ�DYHUDJH�WHPSHUDWXUHV
  Correlation coefficient between water temperatures and moving average air
temperatures based on annual data is shown in Figure 7, and that based on seasonal data
in 1993 is shown in Figure 8. Correlation was the highest with 6 days moving average
temperatures in annual analysis while seasonally correlation was high with 4 days
moving average temperatures in spring and fall, with 6 days in summer, and 7 days in
winter. In all seasons correlation with one day average was the lowest.  Seasonally the
highest correlation coefficient was 0.92 in spring and fall, and 0.81 in summer, then
0.76 in winter.  This agrees with the result of analysis based on air temperatures
measured on each measurement day.

����5HVXOWV�RI�DQDO\VLV�LQ���FLWLHV

D��$QDO\VLV�EDVHG�RQ�DLU�WHPSHUDWXUHV
  Table 1 shows the days on which air temperatures were measured, highest and lowest
values of correlation coefficient based on annual data for 8 cities in 1993. Here the
analysis is based on purified water.  However, the temperatures of river water were used
for the cities where no data was obtained on purified water.  Kagoshima is not included
in the analysis since water temperature was measured only once a month in the city.
  Correlation coefficient was highest on DAY-3 in Sendai and Nagoya, DAY-2 in Osaka
and DAY-1 in the other cities.  The lowest correlation coefficient was seen on DAY-3 or
DAY-0 except for Nagoya.  In Sapporo and Sendai correlation coefficient was lower
than the other cities. It is probable that low temperatures in these cities in winter
lowered the correlative values between water temperatures and air temperatures.

E��5HODWLRQVKLS�EHWZHHQ�ZDWHU�WHPSHUDWXUH�DQG�ORZ�DLU�WHPSHUDWXUH
  As mentioned above correlation coefficient in Sapporo and Sendai was lower than the
other cities.  It is assumed that in winter the water temperature does not change
concomitantly with the air temperature in these cold regions because of a large number
of days with average air temperatures below freezing point.  Therefore we then analyzed
the relationship between low air temperature and temperature of purified water taking
Sapporo as an example.
  Figure 9 shows the changes in water temperatures and air temperatures from April
1991 through March 1994.  It can be clearly seen that the temperature of purified water
leveled off when air temperature is below 5 ºC, and the overall correlation is extremely
low. In view of this fact two separate regression equations were created; one for the air
temperatures where the correlation coefficient with water temperatures begin to increase
and the other for the air temperatures below that point. The point where this shift in
correlation occurred is called the shifting temperature point. As a result the air
temperature at the shifting point was found to be 4 degrees centigrade, and the
regression model is shown in Figure 10.
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����&DOFXODWLRQ�RI�7DS�:DWHU�7HPSHUDWXUH�LQ�HDFK�UHJLRQ
  Based on the analyses described above, the highest correlation coefficient can be
obtained when moving average temperatures of several days prior to DAY-0 are used.
This procedure, however, requires complex calculation.  On the other hand correlation
coefficient derived from actual air temperatures is only a little lower than that obtained
from moving average temperatures. When correlation coefficients on each air
temperature measurement days are compared, the differences are insignificant, but
coefficient is lowest on DAY-0.  Taking this fact into consideration, we adopted
regression equations, which are based on air temperatures on DAY-0.  Table 2 shows
highest and lowest values of both water and air temperatures, regression coefficient and
regression constant.  The temperatures obtained from these regression equations are
water temperature at purification facilities, and not necessarily identical to the
temperature of tap water.  Here, however, the two are considered as the same for the
sake of convenience.

���3UHGLFWLRQ�RI�7DS�:DWHU�7HPSHUDWXUH

  Temperatures at two different water passages; one from rivers to purification facilities
and the other from purification facilities to water taps were measured, and a prediction
method was postulated.  To test the accuracy of the method, temperatures were
measured at Kanamachi purification facilities in Tokyo for both river water and purified
water, and data were also collected from 13 thermometers installed throughout the
distribution pipes.  The climatic data of AMeDAS were used for air temperatures and
solar radiation.

����3UHGLFWLRQ�RI�,QOHW�:DWHU�7HPSHUDWXUH
  The temperature of river water rises or drops as a result of heat exchange with
atmosphere or riverbed as the river travels along. The temperatures predicted by
Kondo’s equations3) were checked against the actual temperatures of inlet water (water
temperatures at the inlets of purification facilities), and examined if the equations can be
used as a prediction model.  The actual inlet water temperatures were taken from 1993
data.  In Kanamachi purification facilities, temperature at the water intake was
considered identical to inlet water temperature since the water intake is only 10m away
from the purification facilities.

����2XWOLQH�RI�FDOFXODWLRQ�PRGHO�DQG�PHWKRGV
  The temperature of river water is affected by atmospheric conditions (solar radiation,
air temperature) and other factors such as water temperature at the source, water depth,
flow speed, and thermal capacity and thermal conductivity at the riverbed.
  To begin with temperature at the river source (7�) was calculated, and then temperature
at the water intake (7:0) was figured out from 7R and equilibrium temperature (7).
The equations are shown in Tables 3~5.
  Temperature at the river source was considered the same as that of raindrops when
there is precipitation, and as an average of the soil temperatures at the depth of =�
(1.5m) and =� (0.1m) when there is no precipitation.  River conditions were analyzed by
changing water depth (GZ) and the time (τ) that takes water to move from the river
source to the purification facilities (O[).
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����5HVXOWV
  The predicted temperatures matched most closely with actual temperatures when 11
hours elapsed, on condition of water depth : GZ�= 0.5m, elapsed time: τ�= 1~20 hours
with an increment of 1 hour (Figure 11).  Table 6 shows mean deviation between
predicted and actual temperatures of inlet water when water depth (GZ) was changed
from 0.2m to 1.0m with an increment of 0.1m.  As a result inlet water temperatures are
found to be predicted with an accuracy of ±1.5~2.0 ºC

����3UHGLFWLRQ�RI�7DS�:DWHU�7HPSHUDWXUH
 The temperature of water carried from purification facilities to water taps changes as a
result of heat exchange with the soil around distribution pipes. Taking heat balance into
consideration, we created equations to obtain tap water temperature from the length of
distribution pipes, compared predicted water temperatures with actual water
temperatures.

����2XWOLQH�RI�&DOFXODWLRQ�0RGHO�DQG�&DOFXODWLRQ�0HWKRG
 A simplified model of a distribution pipe is shown in Figure 12, an actual model
including diameter and length in Figure 13, and a schematic representation of cross
section of a pipe in Figure 14. Tables 7~9 show equations to obtain underground soil
temperatures, over-all heat transfer coefficient, and temperatures at water tap.  Mean
deviations (Σ y’ - y/n) between predicted temperatures (y’) and actual temperatures
(y) were obtained with depth of pipes and over-all heat transfer coefficient below as
parameters, and the validity of the prediction equations was analyzed. Pipe diameters
shown in Table 7 are those of the main pipes.

➀ depth of pipes (=): constant at 1.2m and variable between 0.5m and 1.5m with
an increment of 0.1m

➁ over-all heat transfer coefficient (./): variable in the range of 0~4190 kJ/(m2 . h
. ºC) with an increment of 209.5.

����&DOFXODWLRQ�UHVXOWV
  Mean deviations were calculated under the conditions shown in Table 7 with the depth
of pipes as constant at 1.2m.  As a result water tap A showed the largest mean deviation
and water tap M the smallest.  Figure 12 and 13 show the changes of predicted
temperatures and actual temperatures over time between the two water taps.  When the
depth of pipes were varied, mean deviation was the smallest at the depth of 0.7~0.9m,
but the difference from the result at the depth of 1.2m was small (0.5).  The calculation
results with variable over-all heat transfer coefficient showed small mean deviations
when over-all heat transfer coefficient values are lower than those shown in Table 7.
This was due to the fact that over-all heat transfer coefficients in Table 7 were
calculated with a constant pipe diameter (diameter of main pipes).
  Mean deviations of over-all heat transfer coefficients and temperatures derived from a
simplified model (with constant pipe diameter) and actual model (with variable
diameters) on water tap A and water tap M are shown in Table 11.  Over-all heat transfer
coefficients are smaller in an actual model than in a simplified model. Mean deviations
of tap water temperatures calculated with an actual model were approximately 1.9
(water tap A) and 0.5 (water tap M).  Therefore we can conclude that the equations
achieved a high degree of prediction accuracy.
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��&RQFOXVLRQ

  In this report we have examined the method to predict tap water temperatures based on
air temperatures.  The results can be summarized as follows:
(1) Comparison of water temperatures with air temperatures on DAY-0, DAY-1, DAY-2,

and DAY-3 at purification facilities in 9 major cities showed the highest correlation
coefficient on DAY-1 in 7 cities.

(2) When compared with moving average air temperatures, correlation coefficient was
highest with 6 days moving average.

(3) Seasonally correlation coefficient was highest in spring and fall followed by
summer and winter.

(4) Correlation between air and water temperatures was extremely low when air
temperature was below 4ºC.

(5) We proposed regression equations (regression coefficient, regression constant) for
each of the nine cities based on annual data with air temperatures as a variable.

(6) We predicted inlet water temperatures using prediction equations, and found the
equations have an accuracy of ±1~2ºC.

(7) We created prediction equations for water temperatures in distribution pipes and
predicted the temperatures at 13 water taps. Comparison with actual data showed
that the equations are accurate within a tolerance of 2ºC.

As a next step we intend to develop a method to predict water temperatures in water
and hot water supply systems in buildings, and establish an overall water temperature
prediction system which covers the whole process of water supply from rivers to
buildings.

Note: Though we did not mention in the text, we measured the temperatures of inlet
and outlet water at the purification facilities and found that the temperature of outlet
water is approximately 0.5~1.5ºC  higher than that of inlet water.
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)LJXUH����5DWLR�RI�HQHUJ\�FRQVXPSWLRQ�IRU�YDULRXV�XVHV�LQ�YDULRXV�W\SHV
RI�EXLOGLQJV��

)LJXUH����5DWLR�RI�YDULRXV�W\SHV�RI�ZDWHU�VRXUFHV�IRU�ZDWHU�ZRUNV���������
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)LJXUH����&KDQJHV�LQ�UHODWLRQVKLS�EHWZHHQ�ZDWHU�WHPSHUDWXUH�DW�SXULILFDWLRQ
IDFLOLWLHV�DQG�DLU�WHPSHUDWXUH��7RN\R�

)LJXUH����&RUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�ZDWHU�DQG�DLU�WHPSHUDWXUH RQ�HDFK
PHDVXUHPHQW�GD\V�EDVHG�RQ�DQQXDO�GDWD

)LJXUH����&RUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�ZDWHU�DQG�DLU�WHPSHUDWXUH�RQ�HDFK
PHDVXUHPHQW�GD\V�EDVHG�RQ�VHDVRQDO�GDWD�LQ�����
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)LJXUH����&RUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�ZDWHU�WHPSHUDWXUH�DQG�PRYLQJ�DYHUDJH
DLU�WHPSHUDWXUH�ZLWK�HDFK���a����GD\V�EDVHG�RQ�DQQXDO�GDWD

)LJXUH����&RUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�ZDWHU�DQG�PRYLQJ�DYHUDJH�DLU
WHPSHUDWXUH�ZLWK�HDFK���a����GD\V�EDVHG�RQ�VHDVRQDO�GDWD�LQ�����

7DEOH����0D[��DQG�PLQ��RI�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�ZDWHU�DQG�DLU
WHPSHUDWXUH�RQ�HDFK�PHDVXUHPHQW�GD\�EDVHG�DQQXDO�GDWD��������LQ���FLWLHV

Max. Min.
City Correlation

coefficient
Measurement day of

air temperature
Correlation
coefficient

Measurement day of
air temperature

Sapporo 0.91 DAY-1 0.90 DAY-3
Sendai 0.93 DAY-3 0.92 DAY-0
Niigata 0.98 DAY-1 0.96 DAY-3
Nagoya 0.95 DAY-3 0.94 DAY-2
Tokyo 0.95 DAY-1 0.90 DAY-0
Osaka 0.99 DAY-2 0.98 DAY-0

Fukuoka 0.95 DAY-1 0.92 DAY-0
Kochi 0.96 DAY-1 0.95 DAY-3
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)LJXUH����5HODWLRQVKLS�EHWZHHQ�ZDWHU�DQG�DLU�WHPSHUDWXUH��'$<����
$SULO������a�0DUFK�������LQ�6DSSRUR

)LJXUH�����5HJUHVVLRQ�PRGHO�XVLQJ�VKLIWLQJ�WHPSHUDWXUH�SRLQW����&�

7DEOH����0D[��DQG�PLQ��RI�ZDWHU�DQG�DLU�WHPSHUDWXUH�DQG�UHJUHVVLRQ�FRHIILFLHQW
DQG�FRQVWDQW�LQ���FLWLHV

Air temperature
[ºC]

Water
temperature[ºC]City

Max. Min. Max. Min.

Regression
coefficient

Regression
constant

Sapporo 25.8 -9.7 19.7 0.0 0.53 2.62
Sendai 29.8 -2.0 24.5 3.0 0.72 3.42
Niigata 29.7 0.0 27.0 0.0 0.84 1.88
Nagoya 33.3 -0.7 28.0 4.4 0.72 3.36
Tokyo 32.4 0.9 31.6 4.1 0.89 2.23
Osaka 32.9 1.6 31.3 5.6 0.86 2.09

Fukuoka 32.1 0.2 25.9 8.2 0.52 7.89
Kagoshima 30.6 6.3 26.4 11.6 0.62 6.07

Kochi 30.8 0.8 28.3 5.4 0.73 3.14

7DEOH����(TXDWLRQV�IRU�WHPSHUDWXUH�RI�ULYHU�VRXUFH
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7���Temperature of river source [ºC], Τ(]): Underground soil temperature [ºC],

7�6��Ground surface temperature [ºC], ω : Frequency in a day(2π/86400[S-1]), φ: Phase difference,  :
Emissivity of water long wave,  D��Temperature diffusion coefficient (0.7ò106[m2S-1])
[Affix]
M: Average value in a day, Y: Seasonal variation, W: Water volume
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7��: Temperature of river source [ºC], τ: Elapsed time from river source to water intake [s],
τ�: Response time for water temperature [s]
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)LJXUH�����&RPSDULVRQ�RI�SUHGLFWHG�ZDWHU�WHPSHUDWXUH�ZLWK�DFWXDO�ZDWHU
WHPSHUDWXUH�DW�LQOHW�RI�SXULILFDWLRQ�IDFLOLWLHV

7DEOH����0HDQ�GHYLDWLRQ�EHWZHHQ�SUHGLFWHG�DQG�DFWXDO�WHPSHUDWXUH�RI
LQOHW�ZDWHU�FKDQJLQJ�HODSVHG�WLPH�DQG�ZDWHU�GHSWK��GZ�
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Predicted water temperature
Actual temperature

Elapsed time (τ) )
[h] 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0 2.10 2.10 2.10 2.10 2.10 2.10 2.10 2.10 2.10
1 1.81 1.90 1.95 1.97 1.99 2.01 2.02 2.03 2.03
2 1.62 1.74 1.81 1.86 1.90 1.93 1.95 1.96 1.97
3 1.50 1.62 1.71 1.77 1.81 1.85 1.88 1.90 1.92
4 1.44 1.53 1.62 1.69 1.74 1.78 1.81 1.84 1.86
5 1.44 1.48 1.55 1.62 1.67 1.72 1.76 1.79 1.81
6 1.47 1.44 1.50 1.56 1.62 1.67 1.71 1.74 1.77
7 1.51 1.44 1.47 1.52 1.57 1.62 1.66 1.70 1.72
8 1.56 1.45 1.44 1.49 1.53 1.57 1.62 1.66 1.69
9 1.61 1.47 1.44 1.46 1.50 1.54 1.58 1.62 1.65

10 1.67 1.50 1.44 1.44 1.48 1.51 1.55 1.58 1.62
11 1.72 1.53 1.45 1.44 1.46 1.49 1.52 1.55 1.59
12 1.78 1.56 1.46 1.44 1.44 1.47 1.50 1.53 1.56
13 1.83 1.60 1.49 1.45 1.44 1.46 1.48 1.51 1.54
14 1.88 1.63 1.51 1.46 1.44 1.44 1.47 1.49 1.52
15 1.93 1.67 1.54 1.47 1.44 1.44 1.46 1.48 1.50
16 1.97 1.71 1.56 1.49 1.45 1.44 1.44 1.47 1.49
17 2.01 1.74 1.59 1.50 1.46 1.44 1.44 1.45 1.47
18 2.04 1.78 1.61 1.52 1.47 1.45 1.44 1.44 1.46
19 2.07 1.81 1.64 1.54 1.48 1.45 1.44 1.44 1.45
20 2.10 1.85 1.67 1.56 1.50 1.46 1.44 1.44 1.44

Water depth (GZ )   [m]
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)LJXUH�����6LPSOLILHG�PRGHO�RI�GLVWULEXWLRQ�SLSLQJ

)LJXUH�����$FWXDO�PRGHO�RI�GLVWULEXWLRQ�SLSLQJ
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D1: Outside diameter of first layer
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7DEOH����&RQGLWLRQV�RI�GLVWULEXWLRQ�SLSLQJ�ZLWK�ZDWHU�WDSV

7DEOH����(TXDWLRQ�IRU�HDUWK�WHPSHUDWXUH

( ){ }=QH777 =

*56*52*5=
556.30213017214.0cos

2

1 526.0 −−∆+= −
    (12)

7*5=: Underground soil temperature [ºC], 
*52

7 : Average temperature of a year [ºC],

=: Depth of pipes [m], 
*56
7∆ : Difference of ground surface temperature in a year [ºC], n: Days
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./: Over-all heat transfer coefficient [kJ/(m2 .h . ºC)], '�: Inside diameter [m],  '1: Outside diameter [m],
',: Outside diameter of L layer [m], λ,: Thermal conduction rate of L layer [kJ/( m2 .h . ºC )],
α���α�1: Heat transfer rate of inside surface and outside surface [kJ/(m2 .h . ºC)],

7DEOH�����(TXDWLRQ�IRU�SUHGLFWHG�ZDWHU�WHPSHUDWXUH
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.H[Sθθθθ              (14)

RXW
θ : Water temperature at outlet of piping (tap water temperature) [ºC],

LQ
θ : Water temperature at inlet of piping (water temperature at outlet of purification facilities) [ºC],

6
θ : Underground soil temperature [ºC], .��Over-all heat transfer coefficient [kJ/(m2 . h . ºC)],

=: Depth of pipes [m], /��Length of piping [m], &Z: Specific heat of water (=4.19[kJ/(kg . ºC)]),
*: Flow rate [kg/h]

Water
tap

Distribution line
Nominal

diameter [mm]
Outside diameter

[mm]
Internal diameter

[mm]
Length of
piping [m]

Over-all heat transfer

coefficient [kJ/(m . h . ºC)]2

A Touzai line 2200 2235.2 2195.2 14596 1453.5
B Yotugi line 1500 1524.0 1496.0 16963 997.6
C Terashima line 1800 1828.8 1796.8 13226 1194.9
D Touzai line 2200 2235.2 2195.2 12723 1453.5
E Terashima line 1800 1828.8 1796.8 18961 1194.9
F Mizue line 700 711.2 697.2 8957 468.8
G Terashima line 1800 1828.8 1796.8 8062 1194.9
H Senjyu line 1200 1219.2 1197.2 3129 800.7
I Senjyu line 1200 1219.2 1197.2 7032 800.7
J Kahama line 2400 2438.4 2394.4 16315 1582.1
K Kahama line 2400 2438.4 2394.4 19470 1582.1
L Kahama line 2400 2438.4 2394.4 19061 1582.1
M Kahama line 2400 2438.4 2394.4 17158 1582.1
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7DEOH�����0HDQ�GHYLDWLRQ�RI�SUHGLFWHG�ZDWHU�WHPSHUDWXUH�DW�ZDWHU�WDS�E\�DFWXDO
PRGHO�DQG�VLPSOLILHG�PRGHO

Water tap
Model of distribution

piping
Over-all heat transfer

coefficient [kJ/(m2 . h . ºC)]
Mean deviation of tap water

temperature ºC

Actual model (Z=1.2m) 1453.5 2.05
A Simplified model

(Z=1.0 m)
1165.2 1.87

 Actual model (Z=1.2m) 1582.1 0.54
M Simplified model

(Z=1.0 m)
1379.3 0.48

)LJXUH�����&RPSDULVRQ�RI�SUHGLFWHG�ZDWHU�WHPSHUDWXUH�ZLWK�DFWXDO�ZDWHU
WHPSHUDWXUH�DW�ZDWHU�WDS�$�������

)LJXUH�����&RPSDULVRQ�RI�SUHGLFWHG�ZDWHU�WHPSHUDWXUH�ZLWK�DFWXDO�ZDWHU
WHPSHUDWXUH�DW�ZDWHU�WDS�0�������
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$EVWUDFW

Pipe sizing of water supply systems for buildings is done in each country according
to its respective regulations, standards or codes that may however differ significantly, in
criteria and methodology, from one country to another. One of the subjects that has
different approaches in the design of these systems is the calculation of the friction head
loss that occurs through the pipes. On this particular matter, this paper intends to
analyse the most usual procedures and to seek any eventual differences that may result
from their application.

.H\ZRUGV

Water supply systems; pipe sizing; friction head loss

��,QWURGXFWLRQ

In the last Symposium of CIB/W62 it was presented an extensive description of
several “official” methods concerning the pipe sizing of water supply systems [1]. The
referred work has listed the main criteria and procedures of each of those methods. In
the brief comparison that was done, there were focused different aspects such as peak
flow rate calculation, velocity limits, residual pressures and head loss estimation.

In this paper it will be studied, more detailedly, this last subject. Considering that, in
the methods mentioned above, we may find different equations or graphs to compute the
friction head loss, the basic question is to know how close are their results. To make this
comparison there were taken some reference methods that will be described in the next
section. The analysis was done over two kinds of pipes, representing each one a certain
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type of interior roughness – copper as smooth surface pipes and galvanised steel as
rough surface pipes.

In each case it was studied a broad interval of different pipe diameters. Their
characterization is presented in tables 1 and 2, being ED and ID, respectively, the
external and internal diameters. From the second table, where it is expressed a diameter
tolerance for galvanised steel, it was used the less favourable value, the lower one, in
the following calculations.

For each diameter there were also analysed several conditions of flow, having been
established certain values of the flow velocity. The values adopted are between 0,5 and
3,0 m/s, according to the limits defined in many of the methods used in here.

ED (mm) 15,0 18,0 22,0 28,0 35,0 42,0 54,0 67,0 76,1 108,0 133,0 159,0
Thickness (mm) 0,7 0,8 0,9 0,9 1,2 1,2 1,2 1,2 1,5 1,5 1,5 2,0
ID (mm) 13,6 16,4 20,2 26,2 32,6 39,6 51,6 64,6 73,1 105,0 130,0 155,0

7DEOH�����&RSSHU�SLSHV��%6������WDEOH�;�

ED EDmax EDmin Thickness IDmax IDmin
(in) (mm) (mm) (mm) (mm) (mm)

1/2 21,8 21,0 2,65 16,50 15,70
3/4 27,3 26,5 2,65 22,00 21,20
1 34,2 33,3 3,25 27,70 26,80

1 1/4 42,9 42,0 3,25 36,40 35,50
1 1/2 48,8 47,9 3,25 42,30 41,40

2 60,8 59,7 3,65 53,50 52,40
2 1/2 76,6 75,3 3,65 69,30 68,00

3 89,5 88,0 4,05 81,40 79,90
4 115,0 113,1 4,50 106,00 104,10
5 140,8 138,5 4,85 131,10 128,80
6 166,5 163,9 4,85 156,80 154,20

7DEOH�����*DOYDQLVHG�VWHHO�SLSHV��',1�������%6������

��)ULFWLRQ�KHDG�ORVV�FDOFXODWLRQ

For this study it was considered a theoretical, straight pipe system, of 100 m length.
Over this system there were admitted several hypothesis of pipe materials, diameter
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sizes and flow velocities as previously described. In the friction head loss calculation,
for the purpose of comparison, there were chosen five methods that are listed in table 3.
The corresponding equations and their respective parameters are further described.

7DEOH�����0HWKRGV�XVHG�IRU�IULFWLRQ�KHDG�ORVV�FDOFXODWLRQ

country method

Germany, Switzerland, South Africa Colebrook-White
Brazil Fair-Whipple-Hsiao
France, Portugal Flamant
United Kingdom Lamont
United States Harris

����0HWKRG�RI�&ROHEURRN�:KLWH�[2, 3]

Formula of Darcy-Weisbach (general expression for friction head loss in pipes of
circular section):

J
8

'
-

2

2

⋅= λ
(1)

J, friction head loss (m/m)
λ, friction head loss coefficient (non dimensional parameter)
D, internal diameter (m)
U, flow velocity (m/s)
g, gravitational acceleration (9,81 m/s2)

Formula of Colebrook-White:

















+−=
λλ Re

51,2

7,3
log2

1
10

'
N

(2)

Re, Reynolds number (non dimensional parameter)
k, equivalent rugosity of pipe (m):
copper 0,0015x10-3 m
galvanized steel 0,15x10-3 m

υ
8'=Re (3)

υ, kinematic viscosity of water (1,31x10-6 m2/s at 10 ºC)
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The formula of Colebrook-White was solved by iteration, using an initial λ of 0,02 and
requiring that |λi+1-λi|<0,0001.
����0HWKRG�RI�)DLU�:KLSSOH�+VLDR�[4]

Formula of Fair-Whipple-Hsiao for smooth pipes:

75,475,161069,8 −⋅⋅⋅= '4- (4)

Formula of Fair-Whipple-Hsiao for rough pipes:

88,488,16102,20 −⋅⋅⋅= '4- (5)

J, friction head loss (KPa/m)
Q, estimated peak flow rate (l/s)
D, internal diameter (mm)

����0HWKRG�RI�)ODPDQW�[5, 6, 7]

Formula of Flamant for smooth pipes:

25,175,100056,0 −⋅⋅= '8M (6)

Formula of Flamant for rough pipes:

25,175,100092,0 −⋅⋅= '8M (7)

j, friction head loss (m/m)
U, flow velocity (m/s)
D, internal diameter (m)

����0HWKRG�RI�/DPRQW�[8]

Formula of Lamont for smooth pipes:

5645,06935,0552,0 L'9 ⋅⋅= (8)

V, flow velocity (m/s)
D, internal diameter (mm)
i, hydraulic gradient (m/m)

The BS 6700, which defines Lamont’s formula for smooth pipes, does not present any
similar equation for rough pipes. In this case, the friction head loss for galvanized steel



B6 5/16

pipes was calculated through the graph of figure 1, obtained from the Institute of
Plumbing [9].

����0HWKRG�RI�+DUULV�[10]

The methodology studied is the one defined in the Uniform Plumbing Code [11]. The
formulas used in here are presented by Cyril Harris and they correspond to the graphs
included in the UPC for friction head loss calculation.

Formula of Harris for copper pipes (fairly smooth surface):

64,2546,057,4 GST ⋅⋅= (9)

Formula of Harris for galvanised steel pipes (fairly rough surface):

562,2521,029,4 GST ⋅⋅= (10)

q, flow rate (gpm)
p, pressure loss due to friction (psi/100 ft)
d, internal diameter (in)

��5HVXOWV

The study that was carried on and the results that were achieved are summarized in
the tables and figures included in the appendices. Tables 4 and 6 express the main data
necessary to this analysis, concerning respectively copper pipes and galvanized steel
pipes. For a clear understanding, some data, such as internal diameters and flow rates,
required in the stages of intermediary calculation, has been purposely omitted in here.

A graphical comparison between the different methods considered, based directly on
the absolute values achieved, would lead us to several curves almost juxtaposed. Being
so, the comparison was done in a relative way, quantifying the difference between the
result of each method and a certain reference. The method that was taken as reference
was Colebrook-White’s because it is considered the most accurate of all. With this
criteria there were built tables 5 and 7.

Figures 2 and 3 were done through the reference method. The first is for copper and
the second is for galvanized steel pipes. Through these two figures it can be analyzed
the behaviour of each material and inferred the differences between smooth and rough
pipes. Figures 4 and 5 were obtained from the tables 5 and 7. To be more expressive and
to serve as an example they were built for a flow velocity of 2 m/s. These curves give us
an idea of how spread are the results and a view of the diameters’ influence on the
amplitude of those differences.
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The last table presents a brief analysis of the friction head loss achieved for different
materials, which nominal diameters could be eventually considered, in practice, as
hydraulically equivalents.
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��&RQFOXVLRQV

The results obtained allow us to take a few conclusions. The first comment that can
be made is that it is obvious, from figures 2 and 3, that friction head loss increases with
the flow velocity and decreases with the pipe diameter. In detail, it can be pointed that
the influence of the flow velocity over the friction head loss is not significant for large
diameters but for the small ones, very common inside buildings, it is enormous. For
example, in the range of small diameters, if a velocity limit of 3 m/s is assumed, for
instance, rather than 1m/s, the friction head loss in copper pipes gets an increase of
about 0,20 to 0,65 m/m (for φ42 and for φ15 mm, respectively). These values become
even greater if we take galvanized steel pipes. Being though, it looks that it would be
wise, in the design of water supply systems, to establish different limits of velocity
according to the range of pipe diameters.

From figures 4 and 5 we can get some differences between the methods studied.
These figures were drawn for a flow velocity of 2 m/s, which is inside the common
limits adopted almost everywhere. Through the first figure we can conclude that these
methods are very close from each other. The only exception is the american method,
which appears to be far away from the others – a further analysis of it would be
advisable to confirm the results here presented. Apart the exception that was mentioned,
it can be said that, for smooth pipes, there are meaningless differences between the
studied methods for friction head loss calculation.

For galvanized steel pipes and for rough pipes in general, it is clear that these
methods are not equivalent. Even though, some comments can be made about their
particularities. In here, almost all the curves cross the reference line of Colebrook-
-White, existing some values below and some others far above that line. The brazilian
method and the american method present a significant deviation from the Colebrook-
-White method for pipe diameters above 1 ¼”. Despite this difference, its impact is
reduced because it occurs in the range of large diameters where the friction head loss is
low. Another line that deserves special attention is Flamant’s curve which course is
quite parallel to the reference curve. A closer look to table 7 show us, however, that
these two curves have different distances according to the velocity being considered.
Compared to Colebrook-White’s, the results from Flamant represent an increase of
about 40% for a flow velocity of 0,5 m/s and of approximately 15% for a flow velocity
of 2,0 m/s.

At last, a view on table 8. This table includes three parts, corresponding each one to a
certain common pipe diameter. In each of these parts it was considered a specific flow
rate and several pipe materials that are normally accepted by plumbing trade as having
the same pipe size. As we can see, despite this similarity of nominal diameters, there are
in fact great differences in their internal diameters, that gives rise to greatly varying
velocities and, consequently, to very different friction head losses. In the pipe sizing
design it is though quite important to specify both nominal and internal pipe diameters
in order to avoid any mistake in the construction phase that may later affect the pipe
system behaviour and the residual pressures available.



B6 8/16

��5HIHUHQFHV

1. Pinho, P. J.; Abrantes, V., 3LSH�VL]LQJ�RI�ZDWHU�GLVWULEXWLRQ�V\VWHPV��2YHUYLHZ�DQG
FRPSDULVRQ� RI� GLIIHUHQW� PHWKRGRORJLHV, Proceedings of the “Water Supply and
Drainage for Buildings” CIB/W62 Symposium, (1999), Edinburgh.

2. Novais Barbosa, J., 0HFkQLFD�GRV�)OXLGRV�H�+LGUiXOLFD�*HUDO, Porto Editora, Vol. 2,
(1986), Porto.

3. DIN 1988, 'ULQNLQJ�ZDWHU�VXSSO\�V\VWHPV, DIN, Part 3, (1988), Berlin.
4. Projeto NBR 5626/1997, ,QVWDODomR�SUHGLDO�GH�iJXD�IULD, Associação Brasileira de

Normas Técnicas, (1997), Rio de Janeiro.
5. DTU nº 60.11, 5qJOHV� GH� FDOFXO� GHV� LQVWDOODWLRQV� GH� SORPEHULH� VDQLWDLUH� HW� GHV

LQVWDOODWLRQV�G¶pYDFXDWLRQ�GHV�HDX[�SOXYLDOHV, CSTB, (1988), Paris.
6. Pedroso, V., 5HJUDV�GH�GLPHQVLRQDPHQWR�GRV� VLVWHPDV�SUHGLDLV�GH�GLVWULEXLomR�GH

iJXD� H� GH� GUHQDJHP� GH� iJXDV� UHVLGXDLV� GRPpVWLFDV� H� SOXYLDLV, LNEC, (1997),
Lisboa.

7. Tentúgal Valente, J.; Piqueiro, F., &iOFXOR�GH�SHUGDV�GH�FDUJD�HP�FDQDOL]Do}HV�GH
DEDVWHFLPHQWR�GH�iJXD, Jornadas Técnicas “Os Serviços Municipalizados e o novo
regulamento de águas e esgotos”, (1989), Porto.

8. BS 6700:1987, 'HVLJQ�� LQVWDOODWLRQ�� WHVWLQJ�DQG�PDLQWHQDQFH�RI�VHUYLFHV�VXSSO\LQJ
ZDWHU�IRU�GRPHVWLF�XVH�ZLWKLQ�EXLOGLQJV�DQG�WKHLU�FXUWLODJHV, BSI, (1987), London.

9. 3OXPELQJ�(QJLQHHULQJ� 6HUYLFHV�'HVLJQ�*XLGH, The Institute of Plumbing, (1988),
Essex.

10. Harris, C., 3UDFWLFDO� 3OXPELQJ� (QJLQHHULQJ, American Society of Plumbing
Engineers, (1998), Westlake Village.

11.8QLIRUP�3OXPELQJ�&RGH� ,OOXVWUDWHG�7UDLQLQJ�0DQXDO, International Association of
Plumbing & Mechanical Officials, (1994), Walnut.

12. W3f, 'LUHFWLYHV� SRXU� O¶pWDEOLVVHPHQW� G¶LQVWDOODWLRQV� G¶HDX, Société Suisse de
l’Industrie du Gaz et des Eaux, (1992), Zurich.

$SSHQGLFHV

Included further are the remainder tables and figures mentioned in the text.
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)LJXUH���± )ULFWLRQ�KHDG�ORVV�IRU�JDOYDQL]HG�VWHHO�SLSHV�[9]
�DFFRUGLQJ�WR�WKH�,QVWLWXWH�RI�3OXPELQJ�
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7DEOH�����)ULFWLRQ�KHDG�ORVV�IRU�FRSSHU�SLSHV

ED Velocity Colebrook-White Fair-Whipple-Hsiao Flamant Lamont Harris
(mm) (m/s) (m/100m) (m/100m) (m/100m) (m/100m) (m/100m)

15,0 0,5 3,48 3,65 3,58 3,40 3,71
18,0 0,5 2,73 2,88 2,84 2,70 2,98
22,0 0,5 2,10 2,22 2,19 2,09 2,33
28,0 0,5 1,51 1,61 1,58 1,52 1,72
35,0 0,5 1,14 1,22 1,20 1,16 1,33
42,0 0,5 0,90 0,96 0,94 0,91 1,06
54,0 0,5 0,64 0,69 0,68 0,66 0,78
67,0 0,5 0,49 0,52 0,51 0,50 0,60
76,1 0,5 0,42 0,45 0,44 0,43 0,52

108,0 0,5 0,27 0,28 0,28 0,28 0,34
133,0 0,5 0,21 0,22 0,21 0,21 0,26
159,0 0,5 0,17 0,17 0,17 0,17 0,21

15,0 1,0 11,53 12,26 12,06 11,60 13,21
18,0 1,0 9,10 9,70 9,54 9,22 10,61
22,0 1,0 7,00 7,48 7,35 7,14 8,31
28,0 1,0 5,06 5,40 5,31 5,18 6,13
35,0 1,0 3,86 4,11 4,04 3,96 4,74
42,0 1,0 3,03 3,22 3,17 3,12 3,78
54,0 1,0 2,19 2,32 2,28 2,25 2,77
67,0 1,0 1,66 1,75 1,72 1,71 2,13
76,1 1,0 1,43 1,50 1,47 1,47 1,84

108,0 1,0 0,92 0,95 0,94 0,94 1,20
133,0 1,0 0,71 0,73 0,72 0,72 0,94
159,0 1,0 0,57 0,59 0,58 0,58 0,76

15,0 1,5 23,41 24,93 24,51 23,80 27,77
18,0 1,5 18,52 19,73 19,40 18,91 22,30
22,0 1,5 14,29 15,20 14,95 14,64 17,46
28,0 1,5 10,35 10,98 10,80 10,63 12,87
35,0 1,5 7,91 8,36 8,22 8,13 9,97
42,0 1,5 6,22 6,55 6,45 6,40 7,93
54,0 1,5 4,50 4,71 4,63 4,62 5,82
67,0 1,5 3,43 3,55 3,50 3,51 4,47
76,1 1,5 2,95 3,05 3,00 3,01 3,87

108,0 1,5 1,90 1,94 1,90 1,93 2,53
133,0 1,5 1,47 1,48 1,46 1,49 1,97
159,0 1,5 1,19 1,19 1,17 1,20 1,60

15,0 2,0 38,82 41,24 40,56 39,61 47,03
18,0 2,0 30,76 32,63 32,09 31,47 37,76
22,0 2,0 23,77 25,15 24,73 24,37 29,58
28,0 2,0 17,25 18,17 17,87 17,70 21,81
35,0 2,0 13,19 13,83 13,60 13,53 16,88
42,0 2,0 10,39 10,84 10,66 10,66 13,44
54,0 2,0 7,53 7,79 7,66 7,70 9,85
67,0 2,0 5,73 5,88 5,78 5,84 7,57
76,1 2,0 4,94 5,04 4,96 5,02 6,55

108,0 2,0 3,19 3,20 3,15 3,22 4,28
133,0 2,0 2,47 2,45 2,41 2,47 3,34
159,0 2,0 2,00 1,97 1,94 1,99 2,71
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7DEOH�����&RPSDULVRQ�EHWZHHQ�YDOXHV�RI�WDEOH���DQG�&ROHEURRN�:KLWH
V�HVWLPDWLRQ

ED Velocity Colebrook-White Fair-Whipple-Hsiao Flamant Lamont Harris
(mm) (m/s) (m/100m) (m/100m) (m/100m) (m/100m) (m/100m)

15,0 0,5 1,00 1,05 1,03 0,98 1,07
18,0 0,5 1,00 1,05 1,04 0,99 1,09
22,0 0,5 1,00 1,06 1,04 1,00 1,11
28,0 0,5 1,00 1,07 1,05 1,01 1,14
35,0 0,5 1,00 1,07 1,05 1,02 1,17
42,0 0,5 1,00 1,07 1,05 1,02 1,18
54,0 0,5 1,00 1,07 1,05 1,03 1,21
67,0 0,5 1,00 1,07 1,05 1,03 1,23
76,1 0,5 1,00 1,07 1,05 1,03 1,24

108,0 0,5 1,00 1,06 1,04 1,03 1,27
133,0 0,5 1,00 1,05 1,04 1,03 1,28
159,0 0,5 1,00 1,05 1,03 1,03 1,29

15,0 1,0 1,00 1,06 1,05 1,01 1,15
18,0 1,0 1,00 1,07 1,05 1,01 1,17
22,0 1,0 1,00 1,07 1,05 1,02 1,19
28,0 1,0 1,00 1,07 1,05 1,02 1,21
35,0 1,0 1,00 1,07 1,05 1,03 1,23
42,0 1,0 1,00 1,06 1,05 1,03 1,24
54,0 1,0 1,00 1,06 1,04 1,03 1,27
67,0 1,0 1,00 1,05 1,04 1,03 1,28
76,1 1,0 1,00 1,05 1,03 1,03 1,29

108,0 1,0 1,00 1,04 1,02 1,03 1,31
133,0 1,0 1,00 1,03 1,01 1,02 1,32
159,0 1,0 1,00 1,02 1,00 1,02 1,33

15,0 1,5 1,00 1,06 1,05 1,02 1,19
18,0 1,5 1,00 1,07 1,05 1,02 1,20
22,0 1,5 1,00 1,06 1,05 1,02 1,22
28,0 1,5 1,00 1,06 1,04 1,03 1,24
35,0 1,5 1,00 1,06 1,04 1,03 1,26
42,0 1,5 1,00 1,05 1,04 1,03 1,27
54,0 1,5 1,00 1,05 1,03 1,03 1,29
67,0 1,5 1,00 1,04 1,02 1,02 1,30
76,1 1,5 1,00 1,03 1,02 1,02 1,31

108,0 1,5 1,00 1,02 1,00 1,02 1,33
133,0 1,5 1,00 1,01 0,99 1,01 1,34
159,0 1,5 1,00 1,00 0,98 1,01 1,35

15,0 2,0 1,00 1,06 1,04 1,02 1,21
18,0 2,0 1,00 1,06 1,04 1,02 1,23
22,0 2,0 1,00 1,06 1,04 1,03 1,24
28,0 2,0 1,00 1,05 1,04 1,03 1,26
35,0 2,0 1,00 1,05 1,03 1,03 1,28
42,0 2,0 1,00 1,04 1,03 1,03 1,29
54,0 2,0 1,00 1,03 1,02 1,02 1,31
67,0 2,0 1,00 1,03 1,01 1,02 1,32
76,1 2,0 1,00 1,02 1,00 1,02 1,33

108,0 2,0 1,00 1,00 0,99 1,01 1,34
133,0 2,0 1,00 0,99 0,98 1,00 1,35
159,0 2,0 1,00 0,98 0,97 1,00 1,36
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ED Velocity Colebrook-White Fair-Whipple-Hsiao Flamant IoP Harris
(in) (m/s) (m/100m) (m/100m) (m/100m) (m/100m) (m/100m)

1/2 0,5 3,70 3,65 4,92 3,27 3,35
3/4 0,5 2,48 2,61 3,38 2,29 2,42
1 0,5 1,82 2,01 2,52 1,71 1,88

1 1/4 0,5 1,26 1,47 1,78 1,27 1,39
1 1/2 0,5 1,03 1,23 1,46 1,05 1,18

2 0,5 0,76 0,95 1,09 0,81 0,91
2 1/2 0,5 0,54 0,71 0,79 0,58 0,69

3 0,5 0,44 0,59 0,64 0,50 0,58
4 0,5 0,32 0,44 0,46 0,36 0,44
5 0,5 0,24 0,35 0,35 0,29 0,35
6 0,5 0,19 0,28 0,28 0,24 0,28

1/2 1,0 13,60 13,45 16,55 11,75 12,67
3/4 1,0 9,12 9,61 11,37 8,29 9,16
1 1,0 6,70 7,39 8,48 6,22 7,11

1 1/4 1,0 4,64 5,39 5,97 4,58 5,25
1 1/2 1,0 3,81 4,54 4,93 3,75 4,45

2 1,0 2,81 3,49 3,67 2,86 3,45
2 1/2 1,0 2,02 2,60 2,65 2,14 2,61

3 1,0 1,64 2,17 2,17 1,75 2,19
4 1,0 1,18 1,62 1,56 1,32 1,65
5 1,0 0,90 1,27 1,19 1,02 1,31
6 1,0 0,72 1,04 0,95 0,86 1,08

1/2 1,5 29,59 28,82 33,66 25,24 27,58
3/4 1,5 19,85 20,59 23,12 18,13 19,95
1 1,5 14,59 15,84 17,25 14,00 15,49

1 1/4 1,5 10,11 11,56 12,14 10,00 11,44
1 1/2 1,5 8,29 9,73 10,02 8,43 9,69

2 1,5 6,12 7,47 7,46 6,44 7,52
2 1/2 1,5 4,39 5,58 5,39 4,64 5,67

3 1,5 3,58 4,66 4,40 4,00 4,77
4 1,5 2,56 3,46 3,16 2,91 3,58
5 1,5 1,96 2,73 2,42 2,27 2,85
6 1,5 1,57 2,23 1,94 1,90 2,35

1/2 2,0 51,65 49,51 55,68 42,50 47,91
3/4 2,0 34,66 35,36 38,25 30,00 34,65
1 2,0 25,47 27,20 28,54 23,00 26,91

1 1/4 2,0 17,66 19,85 20,08 17,19 19,87
1 1/2 2,0 14,47 16,71 16,57 14,00 16,83

2 2,0 10,69 12,84 12,34 11,00 13,06
2 1/2 2,0 7,67 9,59 8,91 8,11 9,86

3 2,0 6,25 8,00 7,28 6,66 8,28
4 2,0 4,48 5,95 5,23 5,00 6,23
5 2,0 3,43 4,69 4,01 3,80 4,95
6 2,0 2,74 3,83 3,20 3,25 4,08
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ED Velocity Colebrook-White Fair-Whipple-Hsiao Flamant IoP Harris
(in) (m/s) (m/100m) (m/100m) (m/100m) (m/100m) (m/100m)

1/2 0,5 1,00 0,99 1,33 0,88 0,91
3/4 0,5 1,00 1,05 1,37 0,92 0,98
1 0,5 1,00 1,10 1,39 0,94 1,03

1 1/4 0,5 1,00 1,16 1,41 1,01 1,10
1 1/2 0,5 1,00 1,20 1,42 1,02 1,14

2 0,5 1,00 1,25 1,44 1,07 1,20
2 1/2 0,5 1,00 1,30 1,45 1,07 1,27

3 0,5 1,00 1,33 1,45 1,13 1,31
4 0,5 1,00 1,38 1,46 1,14 1,37
5 0,5 1,00 1,43 1,46 1,20 1,43
6 0,5 1,00 1,46 1,46 1,24 1,47

1/2 1,0 1,00 0,99 1,22 0,86 0,93
3/4 1,0 1,00 1,05 1,25 0,91 1,00
1 1,0 1,00 1,10 1,27 0,93 1,06

1 1/4 1,0 1,00 1,16 1,29 0,99 1,13
1 1/2 1,0 1,00 1,19 1,29 0,99 1,17

2 1,0 1,00 1,24 1,31 1,02 1,23
2 1/2 1,0 1,00 1,29 1,31 1,06 1,29

3 1,0 1,00 1,32 1,32 1,07 1,33
4 1,0 1,00 1,37 1,32 1,12 1,40
5 1,0 1,00 1,41 1,32 1,13 1,45
6 1,0 1,00 1,45 1,32 1,20 1,50

1/2 1,5 1,00 0,97 1,14 0,85 0,93
3/4 1,5 1,00 1,04 1,16 0,91 1,00
1 1,5 1,00 1,09 1,18 0,96 1,06

1 1/4 1,5 1,00 1,14 1,20 0,99 1,13
1 1/2 1,5 1,00 1,17 1,21 1,02 1,17

2 1,5 1,00 1,22 1,22 1,05 1,23
2 1/2 1,5 1,00 1,27 1,23 1,06 1,29

3 1,5 1,00 1,30 1,23 1,12 1,33
4 1,5 1,00 1,35 1,23 1,13 1,40
5 1,5 1,00 1,39 1,23 1,16 1,45
6 1,5 1,00 1,42 1,23 1,21 1,50

1/2 2,0 1,00 0,96 1,08 0,82 0,93
3/4 2,0 1,00 1,02 1,10 0,87 1,00
1 2,0 1,00 1,07 1,12 0,90 1,06

1 1/4 2,0 1,00 1,12 1,14 0,97 1,13
1 1/2 2,0 1,00 1,15 1,14 0,97 1,16

2 2,0 1,00 1,20 1,15 1,03 1,22
2 1/2 2,0 1,00 1,25 1,16 1,06 1,28

3 2,0 1,00 1,28 1,17 1,07 1,32
4 2,0 1,00 1,33 1,17 1,12 1,39
5 2,0 1,00 1,37 1,17 1,11 1,44
6 2,0 1,00 1,40 1,17 1,19 1,49
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nom. size ID velocity k Colebrook-White
(mm) (m/s) (m/100 m)

USA ASTM Schedule 40 Gal Steel 1/2 " 15,80 1,02 0,1500 14,01
USA Copper ASTM Type L 1/2 " 13,84 1,33 0,0015 18,55
USA Polyethylene ASTM D 2104 Controlled ID 1/2 " 15,80 1,02 0,0070 10,07
USA XLPE ASTM F877 1/2 " 12,32 1,68 0,0050 32,95
AUS Australian Standard 1432 Copper (Type B) 15 mm 10,88 2,15 0,0015 58,27
AUS AS 2462 Polybutylene Class 16 15 mm 12,50 1,63 0,0070 30,99
AUS AS 4130 Polyethylene Class 12 15 mm 12,70 1,58 0,0070 28,75
AUS AS 2492 XLPE PN20 15 mm 11,60 1,89 0,0050 43,79
AUS AS 1074 Gal Steel 15 mm 16,10 0,98 0,1500 12,66
EU EN 1057 Copper Class X 15 mm 13,60 1,38 0,0015 20,23
EU BS/EN 7291 Polybutylene 15 mm 11,30 1,99 0,0070 50,20
EU DIN 689293 PEX SDR 7.3 16 mm 11,60 1,89 0,0050 43,79

USA ASTM Schedule 40 Gal Steel 3/4 " 20,93 1,74 0,1500 26,90
USA Copper ASTM Type L 3/4 " 19,94 1,92 0,0015 22,47
USA Polyethylene ASTM D 2104 Controlled ID 3/4 " 20,93 1,74 0,0070 18,27
USA XLPE ASTM F877 3/4 " 17,30 2,55 0,0050 45,37
AUS Australian Standard 1432 Copper (Type B) 20 mm 17,00 2,64 0,0015 48,14
AUS AS 2462 Polybutylene Class 16 20 mm 17,60 2,47 0,0070 42,49
AUS AS 4130 Polyethylene Class 12 20 mm 16,10 2,95 0,0070 65,39
AUS AS 2492 XLPE PN20 20 mm 18,00 2,36 0,0050 37,60
AUS AS 1074 Gal Steel 20 mm 21,60 1,64 0,1500 23,01
EU EN 1057 Copper Class X 22 mm 20,20 1,87 0,0015 21,10
EU BS/EN 7291 Polybutylene 22 mm 17,70 2,44 0,0070 41,27
EU DIN 689293 PEX SDR 7.3 20 mm 14,40 3,68 0,0050 110,21

USA ASTM Schedule 40 Gal Steel 1 " 26,64 1,52 0,1500 15,08
USA Copper ASTM Type L 1 " 26,04 1,60 0,0015 11,70
USA Polyethylene ASTM D 2104 Controlled ID 1 " 26,65 1,52 0,0070 10,62
USA XLPE ASTM F877 1 " 22,23 2,19 0,0050 25,32
AUS Australian Standard 1432 Copper (Type B) 25 mm 22,80 2,08 0,0015 21,94
AUS AS 2462 Polybutylene Class 16 25 mm 22,20 2,20 0,0070 25,86
AUS AS 4130 Polyethylene Class 12 25 mm 26,00 1,60 0,0070 12,01
AUS AS 2492 XLPE PN20 25 mm 23,20 2,01 0,0050 20,60
AUS AS 1074 Gal Steel 25 mm 27,30 1,45 0,1500 13,34
EU EN 1057 Copper Class X 28 mm 26,20 1,58 0,0015 11,35
EU BS/EN 7291 Polybutylene 28 mm 22,50 2,14 0,0070 24,20
EU DIN 689293 PEX SDR 7.3 25 mm 18,00 3,34 0,0050 70,21

7DEOH�����&RPSDULVRQ�RI�YDULRXV�SLSH�PDWHULDOV

*HQHULF����������PP����)ORZ�UDWH� ������O�V

*HQHULF����������PP����)ORZ�UDWH� ������O�V

*HQHULF��������PP����)ORZ�UDWH� ������O�V

obs.: the values of k were obtained from W3f [12].
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$EVWUDFW

Siphonic roof drainage systems have been in existence for approximately 30 years. In that time,
the construction industry has been gradually persuaded by the benefits which these systems offer when
compared to the traditional approach. A great deal of these benefits arise from the fact that systems can
become de-pressurised. However, this condition only arises at the design condition – typically a storm
with a return period in excess of 30 years. When the funding application was being made for the work
reported herein, it was known that the majority of data published relating to siphonic roof drainage system
performance related to “ideal” laboratory conditions. Additionally, it was recognised that the
overwhelming majority of rainfall events any siphonic system would have to drain would be well below
the design condition.  This, coupled with reports of siphonic system failures, convinced the authors that
this was an area worthy of further research.

The work reported herein documents the instrumentation of a large, high profile building within
Edinburgh (Scotland), the aim of which is to investigate how a real siphonic system performs under real
rainfall conditions in a Northern European climate. Details are given of the instrumentation used, and data
collection protocols established. The data generated at the site are discussed in detail. The ability of the
system to drain rainfall events of known intensity and duration is considered. Conclusions are drawn
regarding the ability of the system to drain the monitored storms, and those outside the envelope of the
data collected. Plans for future work are outlined.

.H\ZRUGV

Siphonic roof drainage, design, data collection, numerical model.

���,QWURGXFWLRQ

Over the past 30 years, an ever increasing amount of industrial and commercial
roof space has been drained using siphonic roof drainage – currently it is estimated that
over 30,000 systems exist in the UK alone. This continuing increase in usage is largely
due to the many advantages the systems have over “conventional” systems for
equivalent sized roof areas. However, notwithstanding the increasing use of these
systems, there are still uncertainties regarding just how these systems operate –
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particularly during priming. This lack of understanding of system operation means that
if a system fails, it is often difficult to appreciate why the failure has occurred.
Furthermore, as siphonic system design represents a higher level of expertise than may
be required for conventional systems, the performance of these systems can be more
reactive to small inaccuracies or erroneous assumptions. There has also been growing
concern about the use of these systems in developments where it is often necessary to
minimise the rate at which flows enter drainage systems. To resolve this, over the past 5
years there has been an ever increasing amount of independent research undertaken
attempting to understand how siphonic systems actually perform(1-7).

For any given application, siphonic roof drainage systems are normally designed#

to cope with the steady state pressures associated with a selected ‘design storm’, which
is normally specified in terms of a steady rainfall intensity (in the UK this is in
accordance with BS 6367(8)). Selection of a rainfall intensity at the design stage is based
upon the geographical location, and by balancing the risk of failure against the cost of
allowing for additional roof drainage capacity. However, it can be seen that this
approach will lead to one of two post installation eventualities each time a storm occurs:

1. A storm occurs which exceeds the design rainfall intensity
Practically, no matter what design rainfall intensity is selected, this will always

eventually occur, and will result in flooding to some extent. Well designed systems
make allowance to ensure that any overspill is directed to areas where it can be
managed, or any damage caused is limited.

2. A storm occurs which is less than the design rainfall intensity
 For any well specified system, the vast majority of the storms encountered will

fall into this category. Where rainfall events of low intensity are encountered, the
system will perform as a ‘conventional’ roof drainage system. However, as increasing
rainfall intensities are considered partial unsteady de-pressurisation of the system will
occur. Laboratory testing(ref) has shown that this de-pressurisation results in air being
drawn into the system, this can exceed the volume of water entering the system in some
circumstances.. The unsteady nature of the flow regime, which has been observed to be
cyclic in nature, leads to varying amounts of noise generation, and structural vibration
within the system.

 
As the first of these eventualities is relatively easy to model, and is currently

accounted for in well designed systems (although the priming of the system to reach that
eventuality is less well understood), it is the latter of these cases which is of the most
interest. Previous work(2) at Heriot-Watt University has investigated  how siphonic
systems operate at rates of inflow below that of the design. This has lead to a good
understanding of the range of flow conditions which can be expected, these are
illustrated in Figure 1. As the figure illustrates, the system reacts quite differently to
differing rates of constant inflow. At quite low rates of constant gutter inflow it can be
seen that free surface flow dominates the mode of operation (D). As the rate of inflow
begins to increase the pressures plotted indicate that plug flow is the mode of operation
(E & F). Subsequently, as the rate of inflow begins to near the system capacity

                                                          
# Currently siphonic roof drainage systems are designed to accommodate a specified storm which fills, and primes, the whole
system rapidly with 100% water. This assumption means that the system may be designed easily using elementary steady state
hydraulic relationships. The steady flow energy equation is used almost universally(3) as the backbone of the design procedure for
siphonic roof drainage systems. The pressure drop between any two points X and Y can be determined using the energy equation.
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(a) Inflow =
16% of capacity
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(b) Inflow =
32% of capacity
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(c) Inflow =
40% of capacity
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(d) Inflow =
64% of capacity
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(e) Inflow =
80% of capacity
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(e) Inflow =
104% of capacity

 

-4

-3

-2

-1

0

1

2

3

4

0 10 20 30 40 50 60 70 80 90 100
7LPH��V�

3
UH
VV
XH
��P
�+
��
�

0

50

100

150

200

250

*
XW
WH
U�
'
HS
WK
��P
P
�

Upstream Pressure
Downstream Pressure
Depth at Outlet

Figure 1: Pressure history data for differing rates of constant gutter inflow.
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observations and the pressure data indicate that the phase boundaries between the
plugs begin to blur (G), bubble flow predominates (H). As the rate of inflow approaches
the design capacity, the proportion of air within the flow steadily diminishes until the
system is primed (I). Although it is relatively easy to study these flow conditions by
applying rates of steady inflow in a laboratory, it should be noted that in an actual
system these flow conditions will be transitory and may well appear concurrently –
Figure 1a illustrates how the system accelerates from free surface flow to full bore flow
in the space of less than 15 seconds.

���'DWD�&ROOHFWLRQ�6LWH�'HWDLOV

Based on the considerations outlined above, it was therefore decided to collect
data from an installed siphonic roof drainage system in order to understand how these
systems drain the vast majority of rainfall events – i.e. those which are below the design
capacity of the system.  Buildings adjacent to the university campus were surveyed with
the aim of finding a suitably sized property which the occupier would allow access to.
The building which was selected is the National Archives of Scotland document
repository - Thomas Thomson House, which is owned and operated by the Scottish
Executive (National Government). The main building has a total roof area of
approximately 3000 m2, which is divided into three principle areas. It is the larger of
these areas (1988 m2) which is forming the main data collection programme. The
building is illustrated in Figure 2.

)LJXUH�����7KRPDV�7KRPVRQ�+RXVH

The section of roof studied measures 26.8m x 74.2m, and is served by 6 separate
roof siphonic roof drainage systems, within which each outlet drains an individual
section of roof gutter (a single gutter on each side of the roof which is sub-divided).
Only two of the 6 separate roof siphonic roof drainage systems have been instrumented,
these are highlighted in the roof plan schematic (Figure 3) and in dimensions are given
in Figure 4 . The construction of the roof itself is polished aluminium in a curved form
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(see Figure 2). The pipework is wholly 50mm internal diameter stainless steel. All
bends within the system are 90° smooth radius bends. The siphonic roof drainage
system installed at Thomas Thomson house is known to have a high maintenance cost,
this is principally due to the roof being used by a large number of birds as an evening
roost. The birds then foul the roof surface with their droppings, feathers and
occasionally their own expired bodies. This debris then fills the gutters and blocks the
siphonic roof outlets. To ensure that the systems operate efficiently, the property
manager currently has the roof gutter cleaned at approximately bi-monthly intervals.
These maintenance issues should also allow the project the opportunity to evaluate how
maintenance effects system performance.

System 1 

System 2 

(607 m2) 

(311 m2) 

)LJXUH�����6FKHPDWLF�RI�WKH�WHVW�URRI�DUHD�
7KH�GLDJUDP�LQGLFDWHV�ZKLFK�DUHDV�RI�WKH

URRI�DUH�GUDLQHG�E\�WKH�UHVSHFWLYH
VLSKRQLF�V\VWHPV
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)LJXUH�����6FKHPDWLF�GHSLFWLRQ�RI�WKH�WZR�V\VWHPV�EHLQJ�VWXGLHG��$OO�VL]HV�DUH�EDVHG

RQ�D�SUHOLPLQDU\�VXUYH\�RI�WKH�V\VWHP�
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���'DWD�&ROOHFWLRQ�3URWRFROV

The main aims of the data collection exercise are as follows:
1. Obtain an accurate survey of the systems under consideration so that their

capacity can be accurately estimated.
Subsequently, during rainfall events, the following data are also required:

2. Rainfall intensity variation with time.
3. Wind direction and velocity variation with time.
4. Gutter flow depth variation with time
5. System pressure variation with time.

In Scotland, rainfall is regular – but is predictably unpredictable. Therefore when
establishing the test site it was decided to design the instrumentation so that it was
autonomous – i.e. automatically controled data collection. This approach reduces the
risk that data relating to an important rainfall event would not be lost, and it also means
that data does have to be collected continually. To meet these aims the instrumentation
was design so that is reacts to real-time rainfall data. Data collection software was
coded which continually monitored data from a 0.1mm resolution raingauge. Once
rainfall intensity exceeds a  pre-set threshold (5mm/h), the software initiates overall data
collection from the roof drainage system. Once data collection is underway, the
rainguage input is monitored and the rate of data collection is varied based on rainfall
intensity – higher intensity rainfall events are afforded a higher sampling rate. Thirty
minutes after the rainfall has ceased, data collection is terminated. Once operating the
software will continue to collect data almost indefinitely. Figure 5 illustrates the
protocols used by the software for the collection of data.

Data collected relating to the wind conditions is collected separately using a weather
station 2 km from Thomas Thomson House.

���'DWD�&ROOHFWHG

At the time of writing, monitoring at the site has been underway for 40 days. In that
time data has been collected which with relates to a total of 76.2mm of rainfall. Twelve
of the rainfall events which have occurred had peak intensity in excess of 5mm/h.

As expected at the outset, the majority of the storms monitored did not result in any
sustained period of depressurisation. However, of the twelve storms monitored, three
were found to be of sufficient intensity to result in depressurisation. Each of these three
events are illustrated on the cumulative rainfall plot (Figure 6). The following three sub-
sections deals with each of these events in turn:

����6WRUP�������������
This event occurred just a few hours after the instrumentation was installed. Rainfall
data relating to the event are illustrated in Table 1. The response of the system in
draining this rainfall is illustrated in Figure 7. The data illustrate that although the
rainfall event was relatively small, it was sufficient to result in a depressurization of
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both  System 1 and System 2. The data also indicate that there is a 1.25 minute delay
between the rainfall peak intensity and the peak in-pipe depressurisation.

3DUDPHWHU 9DOXH
Event Duration 14.4 minutes
Peak intensity 21.1 mm/h
Total rainfall depth 1.2 mm
Average rainfall intensity 5.0 mm/h
Total rainfall volume (over 1988 m2) 2.39 m3

Average run-off rate 2.76 l/s
7DEOH�����'DWD�UHODWLQJ�WR�VWRUP�RI���������
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����6WRUP�������������
Data relating to this event are illustrated in Table 2. The response of the system in
draining this rainfall is illustrated in Figure 7. Again this data illustrates that although
the rainfall event was relatively small, it was sufficient to result in a depressurization of
both  System 1 and System 2. This data set also indicated that there is a 1.5 minute
delay between the rainfall peak intensity and the peak in-pipe depressurisation.

3DUDPHWHU 9DOXH
Event duration 16.9 minutes
Peak intensity 19.5 mm/h
Total rainfall depth 1.5 mm
Average rainfall intensity 5.35 mm/h
Total rainfall volume (over 1988 m2) 2.98 m3

Average run-off rate 2.93 l/s
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3DUDPHWHU 9DOXH
Event duration 5.5 Hours
Peak intensity 8.47 mm/h
Total rainfall depth 10.9 mm
Average rainfall intensity 1.98 mm/h
Total rainfall volume (over 1988 m2) 21.7 m3

Average run-off rate 1.09 l/s
7DEOH�����'DWD�UHODWLQJ�WR�VWRUP�RI���������



C1 /1210

����6WRUP�������������
Data relating to this event are illustrated in Table 3. The response of the system in
draining this rainfall is illustrated in Figure 9. As the data illustrate, the peak rainfall
intensity of this event was only 8.47 mm/h. Figure 9 also illustrates that the 5 mm/h
threshold set for data collection was actually too low, as it appears that some of the
depressurisation data was not collected (i.e. that prior to t =0). It is not yet clear how
representative this particular data set is, as this rainfall event lasted for 36 hours
(starting 24 hours before the recorded depressurisation) – the full rainfall data set for
this event is illustrated in Figure 10. It is therefore possible that the system responded
differently than it would have if the rainfall plotted in Figure 9  occurred in isolation.
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���'LVFXVVLRQ�RI�UHVXOWV

Based on a preliminary survey of the property, it was estimated that the roof drainage
system, as a whole, was designed based on a design rainfall intensity of 100 mm/h.
Applying the laboratory findings illustrated in Figure 1 to the system installed at
Thomas Thomson house indicated that there would be a degree of measurable
depressurisation when the rainfall intensity exceeded 25mm/h (25% of the system
capacity). However, the data collected to date indicates that the systems is capable of
become partially depressurised at rainfall intensities less than 10% of the estimated
design capacity. If this result is transferable to other installed systems it means that they
may have better than expected performance when draining rainfall events of lower
return periods. Additionally, the ability of the system to become depressurised at quite
low rates of inflow means that the system will have an increased propensity to be self
cleansing.

���&RQFOXVLRQV

Regarding the work reported herein, the following conclusions may be drawn:
• Laboratory data has been presented which represents the range of flow

conditions which lead to the system working at its design capacity.
• To complement the laboratory based work underway at Heriot-Watt University,

a field data collection site has been established based on both novel and
established data collection techniques.

• Data has been presented which indicates the siphonic rainwater drainage systems
have the ability to become depressurised at lower then expected rainfall
intensities.

• The ability of the  system to become depressurised when draining low intensity
storms indicates that the self cleansing velocity may be achieved on a frequent
basis.

���)XWXUH�:RUN

It is anticipated that data collection will continue for at least one year. It is hoped that in
that time a data base of storm events will be established which will demonstrated the
ability, or otherwise, of the installed system to operate under varying conditions. The
data collected will then be used to validate the numerical model being developed at
Heriot-Watt University to represent the flow conditions within siphonic roof rainwater
systems.
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$%675$&7
Recent advances in the modelling and analyses of air pressure transients within building
drainage ventilation systems have clearly demonstrated well defined mathematical links
between a wide range of relevant and contributory design parameters – a critical factor in
understanding the response of sanitary appliance trap seals and the potential for any fluid
depletion. Despite the importance of these findings, these results remain limited in their
applicability due to the inherent lack of flexibility that would be required to model multiple
inlet, simultaneous discharge flow within the vertical stack and associated pipework.

This paper evolves and applies recent developments within the modelling approach and,
utilising empirical data, proposes a new and significant advanced definition of the pressure
regime within the drainage vent system. Use of the empirical data in this way reveals
important factors in the understanding of the interaction of fluid flows within the system
and demonstrates the significance of the theoretical definition of the fluid-to-fluid boundary
relating to annular flow. The empirical data provided also allows a theoretical assessment
of the assumed fluid flow path associated with a branch connection and the development of
fully established annular and terminal flow conditions.

.(<:25'6
Building, drainage, ventilation, modelling

,1752'8&7,21
The sanitary appliance trap seal is a device critical to the operation of any building drainage
network, since it’s primary purpose is that of providing a barrier between the habitable
space and the foul odour present within the system. However, as simple and effective as
this seal is, it remains vulnerable when subject to air pressure transient propagation within
the drainage network system developed as a direct result of sanitary appliance discharge.

The use of the two-pipe system introduced around 1900 and shown in Figure 1, somewhat
‘overcompensated’ against the threat of appliance trap seal depletion or loss by providing
an elaborate pipework arrangement aimed at minimising the possibility of pressure
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fluctuations. Constructed of solid and well-coated cast iron, a few of these externally
mounted drainage networks still remain intact in some ‘older’ UK cities today.

As the design of the drainage network progressed and notably, the provision of separate
stacks for ‘grey’ and ‘black’ water were combined, so the one-pipe and modified one-pipe
systems were introduced. Schematic diagrams of these types of systems are shown in
Figures 2a and 2b and working examples remain common throughout the USA and in some
parts of Europe.

Importantly however, in the UK during the 1960s, developmental work and system
application and testing of the ‘single-stack’ drainage system was undertaken. Early
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concerns over the increased possibility of appliance trap seal depletion were alleviated by
the findings of, for example, Wise[1] and Wise and Croft[2], which demonstrated that
through careful and exact network design, combined with accurate pipe sizing, the single
stack system could be effectively applied to serve buildings of up to 5 storeys. Subsequent
investigations[3] then extended the applicability of the single stack system to heights of up
to 30 storeys, thereby facilitating a tremendously significant saving in terms of installation
space, installation time and of course, material cost.

Since the late 1960s, the design of the single-stack system has changed little, despite the
significant differences witnessed with regard to water consumption and the consequent
changes in discharge volumes and chemical composition of waste flows. Furthermore, the
demands placed upon the drainage network as a whole are widening, as mandatory water
conservation measures are steadily introduced into Byelaws, Building Regulations and
Codes of Practice. With each new development, there exists a greater need to understand
the complex interactions of the fluid flows found within a typical network and move
forward from the Discharge Unit Method upon which current sizes are based[4]. In order to
achieve this, there are several aspects of the system which require investigation, both
individually and combined. These may be defined (simply) as:
- the network design/layout
- the supply/load to the system
- the time dependency of the ‘load’
- the unsteady nature of the fluid flows within the system
- the chemical composition of the ‘load’ (and it’s temperature)

6<67(0�'(6,*1
The ability of the designer in assessing the above parameters relating to a particular
application will determine the ‘success’ or ‘failure’ of the design – bearing in mind that
‘failure’ is not only financially costly, but also has important public health implications.
The assessment of the input of these influencing factors upon the drainage network design
must be analysed interactively and must fully recognise the integral importance of the
points noted above. Within the context of existing systems, the network layout will already
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)LJXUH�� Single-stack system, commonly installed in the UK from mid 1960s
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be known as well as details of the supply to or load on a system, a parameter for which
clarity is steadily improving as manufacturers realisation of the importance of discharge
volumes develops. Within the time associated with a particular appliance discharge, the
volumetric flow will be known or can be reliably estimated however, the issue of frequency
of use of any one appliance coupled with estimation of the likelihood of ‘combined’ or
simultaneous discharges within the main drain or discharge pipe is still open to
interpretation based upon the building type and nature of occupancy.

The unsteady nature of the fluid flow within the system is such that only the advantages
presented by numerical simulation are capable of dealing with the complex fluid dynamics
therein. It is only since the introduction of numerical modelling techniques applied to
building drainage network systems, encompassing both partially filled pipe flow and full
bore air pressure transient propagation, that the understanding of the system and fluid
interaction and the implications for designers have been fully recognised.

180(5,&$/�02'(//,1*�2)�$,5�35(6685(�75$16,(176
It was in 1960 that Lister[5] introduced the concept of the applicability of the Method of
Characteristics numerical simulation technique to the field of fluid dynamics. However, it
was not until the early 1980s that the AIRNET model saw it’s initial development,
widening the application of the Method of Characteristics technique to full bore air pressure
transients such as those found within building drainage network systems. The basis for this
approach is the application of the full equations of continuity and momentum and these are
combined and linked to air pressure transient propagation through the substitution of shear
stress and wetted perimeter variables arising from the full bore air flow within the vertical
stack system.

)LJXUH���� Method of Characteristics applied to low-amplitude air pressure transient
propagation. Note importance of boundary equations at pipe entry and exit. [6]
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The Method of Characteristics approach is based on the finite difference principle
demonstrated by Figure 4. Providing that the Courant Criterion defining time step stability
is satisfied, the characteristic equations shown below can be used to represent the air
pressure transient propagation.

For the C+ characteristic :
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[Note : 5I  and 6I are functions of time and location]

Figure 4 clearly demonstrates the requirement for a second boundary condition equation at
the pipe entry or exit, thereby completing the set of applicable simultaneous equations
solvable for fluid velocity and wave speed. Each of these boundary equations will link flow
rate to pressure or flow to time.

In order to facilitate the modelling of air pressure transient propagation within building
drainage vent systems, the AIRNET model (developed through a coherent programme of
research funded by the Engineering and Physical Sciences Research Council, EPSRC)
requires a clearly defined set of boundary conditions which mathematically describe the
physical parameters of the drainage network. Much of the early research carried out within
this programme, part of which is described here, was aimed at determining such
equations[7,8].

Once the model development was such that the air pressure transients within the drainage
vent system could be simulated and the response of the network determined, the aim was
then to broaden the scope of applicability by releasing the model from the constraints
imposed by laboratory testing. This was achieved through a series of site investigations
which introduced, through the application of dimensional analysis techniques to the data
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field established, the flexibility to alter within the numerical simulation, the parameters of
stack diameter, wet stack height and stack material (or roughness)[9,10].

This paper will report on how the simulation technique has been further released from
remaining restraints through the utilisation of a friction factor term which allows the
modelling of simultaneous or ‘combined’ discharge flows within the single stack pipe.

75$&7,21�)25&(6�35(6(17�%(7:((1�67$&.�)/8,'6
Until recently, the modelling of simultaneous discharge flows from one or more appliances
connected to the network has been limited in that, although each individual discharge
profile could be examined at a particular point in the system, modelling the combined flows
within the main vertical stack pipe was limited due to the way in which the single stack
pressure profile was defined. By introducing the concept of a ‘traction’ force, applied
across the wet stack height, then all possible flow scenarios are catered for. The critical
factor in determining the application and subsequent benefits of applying a ‘friction factor’
or ‘traction force’ across the height of the wet stack, is the determination of the velocity
difference present at the fluid-to-fluid interface. This requirement arises due to the
importance of the velocity (differential) term present within Darcy’s equation, when
applied to the annular water flow which entrains the ‘central air core’. Equation 5 shows
Darcy’s equation in typical format and Equation 6, the same equation rearranged to show
the friction factor as the subject and incorporating single stack discharge flow parameters,
for example, the length term is replaced by ‘wet stack height’ and the pipe diameter by the
diameter of the central air core.

D2

fLV4
P

2

f

ρ=∆ (5)

( ) ( )1ta1tawa

suma

VVabsVVH4

PD2
ff

−−ρ
∆

= (6)

The term ( )1ta VV −  represents the velocity difference at the fluid-to-fluid boundary.

Previous reference to the annular downflow and central air core of entrained air has almost
always assumed a clear definition of this fluid-to-fluid boundary, as well as consistent
velocity profiles within each fluid, and until recently, these assumptions formed the basis
for the definition of the velocity difference identified. However, analysis of the data arising
from site investigations revealed not only a method by which fluid flows could be
combined and modelled, but also that assumptions such as those relating to the fluid
velocity profiles and definition of flow regimes were not necessarily accurate. Figure 5
demonstrates the range of possibilities for variation of the velocity difference term and
shows how the resultant sign notation is significant in determining the change in pressure
gradient. The fact that single point discharge gives rise to a negative friction factor term and
a pressure rise, was an important factor within the determination of the interface velocity,
discussed further below.
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'$7$�$1$/<6,6
The data field was established through the testing of three separate stack systems which
allowed variation of the relevant influencing parameters ie. stack diameter, stack material
(or roughness) and wet stack height. The fluid flows, although obviously linked through the
design of the stack itself were both varied through appropriate control mechanisms. The
entrainment of air was permitted via the upper stack termination only. The tests undertaken
to establish the data field have previously been reported in more detail within previous
publications[9,10] and report in much more detail the equipment utilised and the particular
test methodology adopted.

Initial developments from this data allowed significant advances in the understanding of
how the single stack system pressure profile is generated[9] and this was of critical
importance in establishing the ability to calculate the ‘work done’ by the system as a whole.
The analysis is taken forward through the logical conclusion that this ‘work done’ upon the
air pressure can only arise from the falling column of water. Hence, by summing the
absolute values of pressure, another parameter within Darcy’s equation has been identified
and quantified.

Returning to the issue of velocity difference at the fluid-to-fluid boundary  - a term which
requires a quantitative assessment in terms of the interface velocity of the annular water
film – it becomes clear that in order to calculate a value for the acting friction factor, some
estimate is required of the expected or assumed velocity profile. Previous publications[11,12]

)LJXUH��   Definition of friction factor for simultaneous discharge flows.
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indicate that it might be reasonable to assume a parabolic function as representative of the
annular water velocity profile, thereby giving rise to an interface (water) velocity of three
times that of the mean terminal value. However, in all cases it was pre-assumed that the
velocity profile would remain consistent in shape regardless of the particular prevalent air
flow conditions within the stack system.

In attempting to formulate a solution to the problem of friction or traction force distributed
across the wet stack height, it became clear that in order to arrive at a workable solution, it
would not be unreasonable to assume that the velocity profile throughout the annular water
film is, in part, determined by the velocity of the entrained air at that particular point. In
defining this relationship, it was found that in order to ensure the existence of a negative
friction factor term (giving a pressure rise) within the single discharge wet stack (as was
known to be the case during all test conditions), the following equation was required:

ta1t VKVV = (7)

where, in this case, K is set to 1.36. It is, of course, appreciated that the actual value of
friction factor during testing may have been more negative than the resultant data set and
that consequently, the value of K may be greater than 1.36. To carry the analysis forward,
the variable parameters were identified as: Qw, Qa, Ds and k (with Hw integrated into
Darcy’s equation).

By non-dimensionalising the fluid velocities against one another, it was possible to
establish trends descriptive of the friction factor, when calculated under varying discharge
flow conditions for a set variation in stack diameter and stack roughness. An example is
shown in Figure 6, where the discharge flow rate was varied against set values of stack
diameter and stack roughness. It should be noted that the dimensionless group based on the
radius of curvature of the branch connection was applied throughout the analysis as this
value varied slightly between data sets and has an influence upon the formation of the water
curtain at the upper limit of the wet stack height.
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This procedure was repeated for each variation in stack diameter and roughness, thereby
allowing a comparison of the influence of these variables on friction factor. Once the
complete set of curves and graphs were established and mathematically defined and
comparable constants examined, it then became possible to mathematically define the
change in constant as a function of the influencing parameter. This methodology lead to the
development of a complex but fully-encompassing set of equations defining the friction
factor response of the flows within the wet stack where:

n

t
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1
ff
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= (8)

(with constants a & n quoted in Appendix 1)

These expressions form the input characteristic equations for the numerical simulation
model. Referring to equations 1 & 3, it now becomes possible to define I5 and I6 as
functions of time and local flowrate, hence providing the time dependent drivers to initiate
entrained airlfow within the stack simulation. It is interesting to note that the presence of a
‘length’ term within Darcy’s equation (which translates to ‘wet stack height’ when applied
to the single stack drainage system), means that there should be no differentiation between
a discharge input at varying height, however graphical results demonstrated that a height
difference was indeed present. This was found to be dependent upon the volumetric flow of
the appliance discharge and the stack diameter. It was hence assumed that this length,
across which the friction factor or traction force cannot be assumed as being fully
functional was attributed to the length required for ‘proper formation’ of annular flow
conditions.

Although the equations quoted for friction factor enable the definition within the model of
response of the single stack system when subject to single or multiple discharge flow, there
are a small range of conditions under which these equations are not applicable ie when the
discharge flow rate is less than 0.5 litres per second and when the entrained air flow is
restricted to such an extent that the friction factor must become infinitely large to induce air
movement. The former condition is one in which the appliance trap seals are not threatened
due to low system pressure, whereas solutions to the latter limitation form the basis for
further research investigations.

7+(�$,51(7�02'(/
Once incorporated within the model, the equations quoted in the previous section permit the
analysis of a network design subject to a fully flexible range of possibilities encompassing
discharge frequency, time dependency and the characteristic unsteady fluid dynamics. This
takes the model forward towards generation of the characteristic curves analogous with
those of a fan, as proposed in an earlier publication[9].

Within the range of typical conditions, and in particular those relating to circumstances
under which the appliance trap seal may be jeopardised, the model demonstrates a high
degree of accuracy. In addition to which, the robust nature of the model is confirmed by the
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accurate return to steady-state conditions following the application of a system transient. A
comparison of predicted against measured values of friction factor reveals a high degree of
accuracy and this is confirmed by Figure 7, which demonstrates AIRNET model
predictions under varying flow conditions.
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The issue of chemical composition and associated temperature of the discharge into the
building drainage system has recently come to be recognised as a significant contributor to
variations in the definition of standard accepted boundary condition expressions. The extent
of variation associated with hot, detergent-dosed discharge (as opposed to cold clean water
used under test conditions) has seen some published results[12] and work in this area is
continuing.

&21&/86,216
The outcome of this research is that the AIRNET model is now capable of analysing
‘combined’ or simultaneous discharge within the drainage stack, through application of
system constants. In addition, the effect of the entrained air flow upon the velocity profile
with the annular downflow, which in turn influences the differential velocity at the fluid-to-
fluid interface has been recognised. Together, these factors significantly enhance the
simulation capability of the AIRNET model in analysing the response of the building
drainage vent system to the propagation of air pressure transients. The generation of a new
range of boundary conditions applicable within the AIRNET model has lead to the
subsequent developed ability of the simulation to analyse an increased range of scenarios
typical within the building drainage vent system. This is vitally important when examined
within the context of recent developments aimed at reducing the overall consumption of
water used through appliance cleansing.

)LJXUH�� : AIRNET model predictions for a variation in the wet stack height for 150mm
diameter ‘smooth’ pipe, when the discharge flow rate is 1.147 l/sec.
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D Pipe diameter ( )m  P∆ Pressure differential ( )Pa

DP  Back pressure at base of stack ( )Pa k Surface roughness ( )m

Le Equivalent length (m) cR Radius of curvature ( )m
ff Friction factor L Length (m)

c Wave velocity  ( )1ms− t Annular film thickness ( )m

wH  Wet stack height ( )m V Velocity ( )1sm −

Q Volumetric flow rate ( )13sm − ρ Density ( )3mkg −

6XEVFULSWV

D
 Air

6
Stack

t         Terminal     1t Entrained air water interface

f Friction w Water
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Definition of constants ‘a’ and ‘n’, as well as Equivalent Length, Le.
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$EVWUDFW

This work establishes, to a five floor building and under certain discharge flow rate
of sanitary sewer, a comparison of the performance of a conventional configuration of
Building Drainage Systems (single stack) with the performance of alternative
configurations of the same system. The conventional configuration is the classic
solution in which ventilation is foreseen by the vent stack and for the vent branches,
attached on drainage stack. However, the analyzed alternative configurations are
several, which include from configurations of the type Single Stack, even configurations
that incorporate Air Admittance Valves (AAV). The variables used in the comparative
study are the pneumatic pressures differentials in the drainage system, and the variations
of the height of the fixtures trap seal. Making possible like this to evaluate the influence
of the different ventilation system means on the behavior of the mentioned variables. As
the expected, in the configuration Single Stack is where the largest depressions and the
largest losses of height of the fixtures trap seal may occur. With base in the laboratory
tests, some conclusions are presented.

��,QWURGXFWLRQ

In the international ambit, the search for quality and for rationalization has been
taking to the creation of technological alternatives in several segments of the Civil
Construction, especially in the Building Systems, where the development of new
systems and devices seek to obtain economy in the implantation and in the use of the
same ones, besides they make possible the conservation and rational use of the water
resources available. The Building Drainage Systems (SPES), for your importance in the
human activities, doesn’t flee that such tendency and therefore it has been objective of
researches for development of devices and alternative systems that allow the reduction
of installation and maintenance costs, without damage of your acting.

In this intention, specific researches have been developed in the sense of reducing
total or partially the component piping of the vent system in the Building Drainage
Systems, or to substitute them, also total or partially, for devices commercially known
Air Admittance Valves (AAV). For example, GRAÇA (1985) demonstrates in his work
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it can have possibility to reduce the costs of order from 30% to 40%, through the
elimination of the piping of the vent stack and vent branches in residential buildings of
up to five floors. Specifically considering the use of Air Admittance Valves (AAV), in
substitution to the vent stack and vent branches in Building Drainage Systems, the
results obtained in a Report of Comparison of Costs of Installation among vent system
for piping, elaborated according to norms of different North American Institutions, and
a vent system with Air Admittance Valves (AAV), elaborated by independent
consultants in Indiana - USA, demonstrated that the use of the valves was redundant in
percentile of cost reduction that varied from 47 % to 54%.

Inside of this context, in the present work, it intends to evaluate the acting of several
configurations involving the use of conventional vent systems or Air Admittance Valves
(AAV), in buildings of up to five floors, on the point of view of the hydraulic and
pneumatic behavior of the Building Drainage Systems, in way to obtain lower
installation costs.

��7\SRORJ\�RI�WKH�%XLOG LQJ�'UDLQDJH�6\VWHPV

The Building Drainage Systems, is composed by the drainage system and for the
vent system. The drainage system is admitted here as the group of plumbing fixtures
and transport piping of the sewer. The vent system is consisted by a group of piping and
devices destined to assure the integrity of the fixtures trap seal to impede the passage of
gases for the environment, as well as leading them to the atmosphere.

When the vent system is just composed by piping, it can have two usual types. One
type just contains stack vent, the other type contains stack vent, and vent branches.
In spite of, when the vent system is composed by piping and devices, it is configured by
a piping group and Air Admittance Valves (AAV), which can substitute vent stack and
vent branches. Air Admittance Valves (AAV) are devices whose main purpose is to
minimize the variation of the pressures pneumatic actuate in a Building Drainage
Systems owed to the drainage generated by the use of the plumbing fixtures in its
installed. They are constituted of devices that, in presence of negative pneumatics-
pressures, open allowing the entrance of air in the system favoring the reduction of
these pneumatic pressures. It fits to point out that several foreign works and
FERNANDES (1993) and MASINI (1999) presented studies about the behavior of the
vent system endowed with Air Admittance Valves (AAV) in substitution to the
conventional vent system, having concluded that was satisfactory its use in that
conditions.

��([SHULPHQWDO�5HVHDUFK

In the Tower of the Laboratory of Building Systems (LSP) of Escola Politécnica da
Universidade de São Paulo was installed a prototype of Building Drainage Systems
(SPES), whose assembly characteristics provided flexibility for connection and piping
removal and devices, making possible the materialization of several typologies of SPES
and configurations of vent system with AAV.

In way to allow the comparison among the acting of the system of composed
ventilation for piping with those composed by the association piping-valves, the
prototypes were tested codified by SPES1, SPES2, and SPES3 in the under system
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quality just ventilated by piping and the prototypes codified by A, B, C, D and E, which
ventilated by piping and valves.

In this sense, the typology SPES3 had conventional system, through stack, vent stack
and vent branches. The typology SPES2 also had alternative system, however through
vent stack and stack. However, the typology SPES1 just had single stack. As it can be
noticed, the three conceived physical models just present vent system for piping, that
are going to reduce in way to allow the study of the behavior of SPES submitted to
different ventilation conditions.

For the vent system with AAV, the configuration A was obtained with the
installation of an AAV in the stack vent. For the configuration, B stayed AAV installed
in the stack vent and it settled an AAV close to the entrance of each discharge
horizontal branch in the drainage stack, in each one of the five pavements of the
prototype.  Already the configuration C was obtained by the installation of AAV in
alternate floors, that is, AAV were installed in the 6th, 4th and 2nd floors and
maintained AAV in the prolongation of the stack vent. For the configuration, D
installation of AAV was maintained in alternate floors and removed, AAV installed in
the prolongation of the stack vent. Finally AAV were installed the entrance of the
horizontal branch close to in the drainage stack in all the floors, constituting the
configuration E.

The figure 01 presents schematic cut of SPES with the observation points and the
positions of AAV installation.

The conception of the configurations of vent system with AAV allowed to study the
behavior of SPES before the increase of the amount of AAV, from the installation of
only one VAA in the stack to the installation of AAV in all the possible points along the
prototype. The variety of rehearsed situations allowed not only to discover the vent
system for AAV presented satisfactory acting, but also to research which the amount
and which the most appropriate location of AAV in the system, considering that NBR -
8160/99 Code allow the use of these devices.

With electric outlet relationship of the data, the respective points were distributed in
areas of the SPES where it intended to obtain information on the parameters of interest
for the intended analysis, that are the pneumatic negative pressure developed along the
drainage stack, the variation of the height of the fixtures trap seal, and the discharge
rate. The points for measurement of pressure developed in the system were installed in
the discharge extension of the close WC to the junction with the drainage stack, while
the measurement points of the variations of height of trap seals were installed in the
plumbing fixtures, allowing to obtain the initial and final levels during the tests.

With relationship however to the registration of the data, two systems were
developed, which are one of instrumentation and one of acquisition of data. The
instrumentation system counts pressure transmitters, amplifying circuits and
hydrometers. The pressure transmitters and amplifying circuits registered the pressures
developed inside the piping, the variations of the height of the trap seals and the
discharges of the WC, while the hydrometers registered the discharges rate of the
showers and lavatories. The system of acquisition of data had a microcomputer
endowed with a plate of acquisition of data, and of an analysis program and
administration of the rehearsals (Dasylab), that were connected to an interface plate.
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)LJXUH����±�6FKHPDWLF�9LHZ�RI�$$9�DQG�&RQYHQWLRQDO�9HQW�6\VWHP�7HVWHG

As the conduction of the rehearsals, initially each configuration was materialized,
followed by the fittings of the pressure transmitters and of the discharges rate as the
simultaneity criterion mentioned, providing the obtaining of the values of the
parameters wanted like this during the flow. The discharge rate, that was a variable
controlled in the development of the tests, it was composed by the simultaneous
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discharge of the last three floors (6th, 5th and 4th), totaling a value 2,6 L/s. It suits to
point out that such discharge rate corresponds the simulation of a building of 20 floors,
where the last 03 floors are discharging simultaneously. Another opportune observation
is that each rehearsal was repeated at least 05 times, totaling 06 tests.

��7HVW�5HVXOWV

The analysis of the results obtained in the tests and the discussion of the same ones
was subdivided in three different stages, as much for the conventional system, as well as
for the system with air admittance valves (AAV). First are analyzed the highest negative
pressure values developed along the drainage stack. In the sequence, are appraised the
behaviors of the fixtures trap seals through theirs maxims height variations and, finally,
are compared the acting presented by the studied configurations.

It is worth to point out that such analyses are developed for all the configurations in
order to evaluate the influence of the different ventilation solutions on the behavior of
the mentioned variables.

This position, being observed the values obtained for the three configurations whose
vent system is just composed by piping, as Table 01, is well-known that the depressions
are larger in the typology SPES1. However, the difference among the model SPES1 and
SPES2 is not very significant, while the depression in SPES3 is practically 50% of the
value reached in SPES1. The impact of the vent stack and vent branches however it is
more contusing in the comparison between SPES1 and SPES3.

About the variation of the levels of the trap seals, the model SPES1 presented
significant losses of height of trap seals. The largest verified variation was in the fourth
floor, whose value reached 20,26 mm water approximately. It is interesting to observe
that is in the fourth floor that locates the extension below than it is discharging,
according to configuration of discharges in subject. However, in most of the trap seals,
for the other two configurations SPES2 and SPES3, there were at least losses. Face such
reality, fits to interrogate that, in terms of protection of the trap seals, the two
configurations in subject, for the worked scenery, possess the same efficiency
practically.

7DEOH�����%HKDYLRU�RI�3UHVVXUH�LQ�6WDFN�DQG�7UDS�6HDO�/HYHO�GXULQJ�WKH�7HVWV

7\SRORJLHV
2SHQ�SLSHG�YHQW�V\VWHP $$9�YHQW�V\VWHP

9DULDEOHV 63(6� 63(6� 63(6� $ % & ' (

Pressure
In stack

(mmwater)
-24,37 -23,55 -12,12 -23,30 -21,95 -27,85 -28,19 -19,40

Trap seal
Level
(mm)

-20,26 0,00 0,00 -1,00 -0,99 -2,64 -4,98 -0,66

It is also important to observe the space distribution of the pneumatic depressions
along the stack vent, for each configuration. According to illustration 02, for them
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configuration SPES1 and SPES2 is noticed a growth of the depression, starting from the
top of the stack vent, until reaching the largest value in the 4th floor (24,37 mm water),
which is regarding the top floor that is discharging. This behavior was already expected
for SPES1, according to literature. Though the same behavior was also observed for
SPES2 (Illustration 02), that is, highest negative pressure in the 4th floor, indicating
therefore that for projects whose are just composed by the vent stack and the vent
branches, it is also of waiting that the highest negative pressure (23,55 mm water) it
happens soon below the last extension that is discharging. However, for SPES3, where
besides the vent stack is also the vent branches, the behavior of the pressure along stack
is clearly more uniform and, for the study in subject, the highest negative pressure didn’t
happen below the last extension in discharge (4th floor), but in the 6th floor, as
presented in the Table 01.

In the case of the vent system with AAV, it was observed that the maximum negative
pressure value in all the configurations happened in the level of the fourth pavement.
The configuration E presented the smallest negative pressure 19,4 mm water, while the
configuration D reached the highest pressure value verified in all the analyzed
configurations, in other words, 28,19 mm water. When it is compared the configurations
E and B with the configuration A, we observed that the maximum negative pressure
detected in E, it was 16% inferior to detected in A, and that among B and A was a
variation of 4%.

Being Compared the results obtained in the configurations C and D, it is observed
that both presented maximum negative pressures very close, with variation of 1,5%.

It is observed although when AAV are introduced in the floors, as a continuous way
(AAV in all the extensions), as in a discontinuous way (AAV in alternate floors), the
introduction of a AAV in the top of the stack vent, presents little influence in the
magnitude of the negative pressure developed in your interior. In the case of the trap
seals however, they presented appropriate behaviors, because it was noticed that in all
the studied configurations the integrity of the trap seals was preserved, according to
table 01.

By the obtained results, it is observed that for the conditions of the prototype of
SPES (five floor building) and for discharge rate (2,6 L/s), all the configurations of vent
system with AAV allowed the development of maximum pneumatic negative pressure
acceptable and they provided the stability of the height of the trap seals. It is like this
lawful to interrogate that, for such conditions of solicitation of the system, it would be
viable the substitution of the vent system for just piping, for vent system with AAV and
piping.

Appraised the respective acting of the typologies SPES and AAV, fits in the
sequence to compare such acting to each other through the confrontation of the
variables already mentioned, that is, the maxims pneumatic negative pressures
developed along the stack and the maxims variations of height of fixtures trap seals.

In the case of the maxims pneumatic depressions, it is observed that so much for the
configurations SPES1, SPES2 and SPES3, as for the configurations with AAV, the
largest negative pressures always happened in the located point in the 4th floor, except
for SPES3, where was registered in the level of the 6th floor. It is important to verify
that the maximum negative pressure registered for the configurations with AAV were
superior in all the cases, to the registered in the typology SPES3. However such fact
doesn’t make unfeasible the use of the configurations with AAV in substitution to the
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vent system that constitutes the typology SPES3, once the pertinent values of maximum
negative pressure are below the value it limits of -37,5 mm water.

Considering more specific evaluations, the configurations of vent system B (installed
VAA in a continuous way) and A (with an only VAA in the stack vent) they presented,
with relationship to the maxims registered pneumatic negative pressures, it carry out
quite superior in relation to the configurations SPES1 and SPES2, endowed with only
stack vent and of vent stack.

Already the configuration of vent system with installed AAV in a continuous way E,
presented the best acting; having been registered the smallest negative pressures and
losses of height of trap seals. When compared with the vent system SPES2, endowed
with vent stack, it reduced in 18% the developed highest negative pessure values, and
when compared with system SPES1, only stack vent, reduced in 21% the registered
maximum depression. In this way for the conditions of the prototype, the configuration
E can be indicated the best to substitute the vent system for piping.

The two configurations of vent system with installed AAV in a discontinuous way C
and D presented the highest magnitude of negative pressures along the stack and the
largest losses of heights of the trap seals registered. In these cases the developed
maximum depressions were 36% superiors to the average of the maximum negative
pressure values observed for the configurations with installation in a continuous way, E
and B, and 20% superiors to the configuration A, which has an only AAV. The losses of
height of trap seals registered were three times superiors to registered them in the other
configurations. This way becomes just less suitable to adopt the configurations C and D
in substitution to the ventilation subsystem for piping.

The behavior of the fixtures trap seals, when it are compared the results of the
configurations with AAV with the results obtained for the configurations SPES1,
SPES2 and SPES3, it is observed that the largest loss of height of the trap seals
happened in the WC of the 4th floor, so much for the configuration D as for the
typology SPES1, being respectively your values 4,98 mm and 20,26 mm.

Considering the analyses and presented observations, it remains to synthesize the
behavior of the configurations of ventilation under system with AAV in comparison
with the configurations SPES1, SPES2 and SPES3. The table 02 display to percentile
reductions, imposed to the maxims negative pressures developed inside the drainage
stack, for the use of the air admittance valves (AAV).
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7DEOH������5HGXFWLRQ�RI�1HJDWLYH�3UHVVXUHV�E\�$$9¶V�,QVWDOODWLRQ

��&RQFOXVLRQV

For the conditions of the prototype, all the configurations of vent systems with Air
Admittance Valves (AAV) maintained the magnitude of the pneumatic depressions
inside of the acceptable limits, and the integrity of the fixtures trap seals was preserved.
Another observation to be outstanding is that in all the tested configurations, given the
discharge rate of 2,60 L/s, it was verified that the depression of 37,5 mm water, value
was not exceeded.

Among the conventional systems, the single stack vent, SPES1, was verified largest
pneumatic depressions, while the systems ventilated with AAV, it was the configuration
D, that presented the largest pneumatic depression. Even so, it is worth to repeat that
such values didn’t surpass the acceptable maximum. Therefore, in base to this group of
observations, it is ended that to a five floor building, and to the discharge flow rate of
2,6 L/s, it is possible the use of any of the worked configurations, without committing
the trap seals.
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This article presents an analysis of ventilation conditions within the sewer sanitary system in an
office building. In this case, the vent pipe, performed by branches and ventilation pipe, is
replaced by air admittance valves.
In this analysis, experiments in real-sized prototypes of office toilets were carried out, which
were assembled in the vertical part of the Building Systems Laboratory of Politechnical School
of USP-Brazil.
A system of flow automation of sanitary appliances was installed in these prototypes. Besides
this, an instrumentation system was installed to store data related to pressure behavior inside
pipes and seal water trap variations.
The experiments were performed with flow rates simulations corresponding to a range from a
five-storey building to an approximately twenty-two-storey building.

��,1752'8&7,21

In order to provide a proper flow of the waste originating from the several water uses inside
the buildings Collect Systems of Used Water were created, which were conceived and carried
out without any care concerning odour coming inside the environment, what compromises the
sanitary conditions inside the buildings.
Observing these problems, the systems evolved into the current Building Sewer Sanitary
Systems, whose basic requirement is ³WR�FROOHFW�DQG�FRQGXFW�WKH�ZDVWH�RULJLQDWHG�IURP�WKH�XVH
RI�VDQLWDU\�DSSOLDQFHV��ZLWKRXW� WKH�GDQJHU�RI�GULQNLQJ�ZDWHU FRQWDPLQDWLRQ�DQG��DW� WKH� VDPH
WLPH��EORFNLQJ�WKH�HQWUDQFH�RI�RGRXU�LQWR�WKH�EXLOGLQJV�HQYLURQPHQW´�
The roles of collecting and conducting are served by the appropriate choice of sanitary
appliances, by the appropriate planning and dimension of pipes.
In regard to the odour entrance, this can be avoided by placing the traps, which are devices
presenting a water barrier, called water seals. Even though, because of the flow from the
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appliances, pressure is created inside the pipes which, depending on the reached levels, may
reduce or even break the water seals causing damage to the function of preventing odours to
come inside the buildings.
Hence, in order to balance the pressures inside the pipes, a Ventilation System was introduced,
what is formed by a set of pipes interlinked to the sewer sanitary system, which allows the air
entrance needed to balance the pressure variation and prevent the trap water seals from
breaking.

In Brazil, several researches were done, and others have been developed in order to adequate
the Brazilian Sewer Sanitary Systems to the world reality, considering new products, dimension
methods and execution techniques.
This research was developed within that context, as it presents a study on the application of air
admittance valves in office toilets settings, where the main characteristic is the use of sanitary
appliances batteries.
Taking into consideration that air admittance valves in replacement to a conventional vent
system, that is, performed by branches and ventilation pipe, reduce considerably the sewer
system cost, as well as the labour expenses for its execution, and also the possibility of
execution errors.

��%5$=,/,$1�%8,/',1*�6(:(5�&2//(&7,1*�6$1,7$5<
6<67(06

The Building Sewer Collecting Sanitary System used in Brazil is formed by a group of vertical
and horizontal pipes, differing in diameters. The pipes are composed by:
��GLVFKDUJH�EUDQFK��part of the pipe�that receives the effluents from discharge branches.
- VHZHU�EUDQFK� part of the pipe that receives the effluents from discharge branches.
�� YHUWLFDO� VWDFN� part of the pipe that receives the effluents from sewer branch or discharge
branch.
��EXLOGLQJ�GUDLQ� part of the pipe that receives the effluents from vertical stacks.
In Brazilian installations, the traps may vary in types and sizes, some of them are integrated to
the appliance, such as the water closet traps, and also the ones to be connected to the exit of the
appliances, for instance, kitchen sinks, tanks to wash clothes, urinals, water basins, etc. These
are “S”, “P”, and “Glass-like” types.
Besides the ones cited above, there are floor drain traps, which have a specially designed shape
to conceive the used water from various appliances, such as water basins, showers, etc, and also
the water from the washing of floors, leading them directly to the vertical stack. It may be said
that they serve as a link between the primary and the secondary sewer in sanitary installations.
In figure 01, we present the shape and component parts of a floor drain trap

+�±�KHLJKW�RI�WUDS�VHDO
&��±�FKDPEHU�RI�HQWUDQFH
&��±�FKDPEHU�RI�H[LW

)LJXUH����±�3DUWV�FRPSRQHQWV�RI�IORRU�GUDLQ�WUDS�
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The Ventilation System is composed by a set of pipes interlinked to the Sewer System,
presenting as the main component parts, the following:
��%UDQFK�RI�YHQWLODWLRQ� this part of the pipe interlinks the trap or discharge branch or sewer
branch of one or more sanitary appliances to a vertical vent or to a main vent pipe;
�� 9HUWLFDO� YHQW� the vertical part of the pipe that interlinks the pipe branches directly to
atmosphere, or to a main vent pipe.

��0DLQ�YHQW� this vent pipe is a prolongation of the vertical stack above the higher branch
connected to it, having its extremity open to atmosphere, situated on the top of the buildings.
This system can be conceived and dimensioned in the following ways, which are:

��0DLQ�YHQWLODWLRQ� is the ventilation performed only by the main vent pipe;
�� 6HFRQGDU\� YHQWLODWLRQ� is the ventilation performed by column branches and ventilation
interlinked to sewer sanitary systems;
�� 9HUWLFDO� YHQW� is the ventilation performed by the vertical vent interlinked directly to the
vertical stack, without the ventilation branch.
In the current norms, the NBR 8160 (1999) in the cases where there is need for secondary
ventilation, there is the  possibility to have it done through air admittance valves.

��0(7+2'2/2*<�2)�7(676

The main objective of using tests in prototypes is to reproduce, in laboratory, the most non-
favourable conditions in terms of occurrence of self-siphonage, induced siphonage and back
pressure phenomena, making the analysis of the usage of air admittance valves possible. It
occurs through the magnitude relation of pressure inside the pipes, by the discharge of water
closets, and trap seals behaviour present in that installation.
Thus, this experimental research was developed by assembling real-sized prototypes in a sewer
sanitary system in an office building.

����'HVFULSWLRQ�RI�%XLOGLQJ�6\VWHPV�/DERUDWRU\
The tests with prototypes were assembled in the vertical part of the Building Systems
Laboratory of Politechnical School of University of São Paulo, which is formed by an eight-
storey tower, considering that each of them consists of an area of twelve square meters (12 m2).
In that area there is an electrical building system and a cold water building system, composed
by an inferior reservoir located on the first floor, next to a pumping system, formed by a set of
three pumps connected in parallel, and a superior reservoir.
All system is located on the eighth floor, whose distribution barrel is on the seventh floor,
making the distribution to all others floors through columns located in shafts.

����3URWRW\SHV�FRQILJXUDWLRQ�
In the prototypes which were tried out, real assembly of the installations forming the

configuration of an Office toilet was reproduced in laboratory. It was made up of three water
closets tank, three urinals and three water basins. Figure 02 presents a ground plan as well the
detail of the sewer configuration
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PVC 75

PVC 100

S 1

VS 1

)LJXUH����±�*URXQG��SODQW�DQG�GHWDLO�RI�RIILFH�WRLOHWV�VHZHU��

The sanitary appliances used in the prototypes installation were chosen in order to represent
what is usual in the Brazilian Sanitary Sewer Systems. Thus, water closets tanks, with two
different volumes of discharge were used, that is, the so called conventional volume (11.5
litres) for being the most commonly used in Brazil and the reduced volume (6 litres) of
discharge.
The urinals used in this test were the ones without an attached trap, where a glass-like trap with
1 ½’ entrance and 1 ¼’ exit and with a 25mm high water seal was connected.
The water basins were not installed, only their respective flows were discharged directly in
floor drain traps, with 150x150x50 dimension, with a water seal 40 mm high, as shown in
figure 03.

)LJXUH����±�)ORRU�GUDLQ�WUDS�IHHGLQJ�

The appliances and components feeding was carried out by the derivation of two columns
coming from the barrel. In the derivation of the first stack a hydrometer was placed in the
branch in order to measure the several flows which were tested, and from this a single feeding
sub-branch was derived to the three attached tanks of the water closets where a solenoid valve
was installed in order to guarantee that after each discharge the tanks would always be filled in
with the same volume.
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From this column it was also derived the feeding sub-branch of the floor drain trap, with the
placing of a solenoid valve and the installation of a register aiming to control the flow which is
going to be discharged in the floor drain trap, that is, the flow of the three water basins
altogether.
Regarding the second column derivation, which was used for feeding the urinals, it was also
placed a hydrometer in its branch. Concerning the sub-branches, solenoid valves and registers
were placed according to the combination of determined discharge to each of the floors, also
aiming to guarantee the discharge of a same flow throughout all the tests. In figure 05 there is a
photo of the assembly performed in the test tower.

Derivation of first column Derivation of second column

)LJXUH����±�'HWDLO�RI�V�FROG�ZDWHU�V\VWHP�

����'HVFULSWLRQ�RI�WKH�SURWRW\SHV�PHDVXUH�SRLQWV�
In order to focus the pressure behavior which occurs along the vertical stack we situated the

measure point in the sewer branch in the installations, near the connection with the vertical
stack, based on studies already carried out by MONTENEGRO (1987), AOKI (1991), CHENG
(1996) and more recently by COSTA (1998).

Besides the pressure measures near the vertical stack,  there were also pressure measures in
each of the horizontal installations which are part of the five floors, in order to allow the
knowledge of the pressures inside these installations due to the flow that goes through the
vertical stack and the flow coming from the discharges of the sanitary appliances installed in
each floor, as shown in tables 01 and 02.
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7DEOH����±�3UHVVXUH�PHDVXUH�SRLQWV�

3UHVVXUH�PHDVXUH )ORRUV

�� �� �� �� �� �� ��
Main vent pipe 3+�

Water closet discharge branch 3$�� 3$�� 3$�� 3$�� 3$��

Urinal waste branch 3'� 3'� 3'� �'� 3'�

Floor ` rain tr´ p waste` branch �
3%�

3%�
3%�

�
3%�

3%�
3%�

3%�
3%�

N´ ar Vert cal Sta´ k
waste` branch

�
3&�

3&�
3&�

�
3&�

3&�
3&�

3&�
3&�

Bł ilding ` rain � 3)���*
�

7DE�H����±��UDS�VHD��PHDVXU��SRLQWV�

7UDS�V�DO�PHDV�UH )/22�6

�� �� �� ���

��
Wat´ r closeŁ  trap s´ al )(��

)(��

)(�� )(�� �(��

Ur nal traŁ  seal )��� )*��

)*��

)*�� )*��

Floor dŁ ain traŁ  seal )�� ))� )�� ))� )��

FiguŁ es 06 a˚ d 07shoł  the lo´ ations f measuŁ e pointł  of preł sure an`  trap s´ al
measł re poinŁ s.

PVC 75

PVC 100

S 1

VS 1

PC

PD

PA3

FF

PA2 PA1

PB

FE1FE2FE3

FG1

FG2

FG3

LEGEND

FF - trap seal / floor drain trap

FE - trap seal / water closed

PC -  waste branch / vertical stack
PB - waste branch / floor drain trap

PA - flow branch / water closed 

PD - waste branch / urinal

FG - trap seal /  urinal

)L�XUH������3UHVVX�H�DQG�W�DS�VHDO�PHDVXUH�SRLQWV�
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Vertical stack entrance Urinal trap seal

 Water closet trap seal Floor drain trap seal

)LJXUH����±�/RFDWLRQ�RI�PHDVXUH�SRLQWV�RI�SUHVVXUH�DQG�WUDS�VHDO�

����'HVFULSWLRQ�RI�LQVWUXPHQWDWLRQ�V\VWHP�DQG�GDWD�DFTXLVLWLRQ�
The pressure measures inside the pipes and the variations in the trap seal were carried out by means of an
instrument system together with data acquisition.

The instrumentation system was composed by pressure transductors attached to an amplifier
circuit of tension, in order to have the registered pressure turned into electric impulse and
conducted to the data acquisition system.
Concerning the acquisition system, it was formed by an interface board that was used to link it to a data
acquisition board, where a management software turned the electric impulses into pressure values by means of
transductor caliber equations. All data relating to pressure and height of the trap seals was stored in archives for
further analyses.

������&KDUDFWHUL]DWLRQ�RI�WKH�3URWRW\SHV�9HQW�6\VWHP
Using the basic configuration, different kinds of vent were analized in order to make a

comparison between the use of ventilation performed with branches and columns and the one
performed using air admittance valves. In tables 03 an 04 we present the different kinds of
ventilation tested



C4 8/13

7DEOH����±��6WDFN�DQG�EUDQFK�YHQW�W\SH�GHVFULSWLRQ

9HQW�7\SH 'HVFULSWLRQ 6FKHPH

7<3(��%

When the vent subsystem
is formed by main and
secondary vent, and the
secondary vent is placed in
the sewer branch of floor
drain trap

T®RREO - 2� Pav,

3� Pav,

4� Pav.

5� Pav.

6� Pav.

7� Pav.

8� Pav.
BS37

CS7

TQ
PVC 100

Mic37Mic27Mic17

BS27BS17

Mic16

BS16 BS26 BS36

Mic36Mic26 CS6

Mic15

BS15 BS25 BS35

Mic35Mic25 CS5

Mic14

BS14 BS24 BS34

Mic34Mic24 CS4

Mic13

BS13 BS23 BS33

Mic33Mic23 CS3

Esquema Vertical

CV
PVC 75

??

7<3(��&

When the vent subsystem
is formed by main and
secondary vent, and the
secondary vent is placed in
the sewer branch of floor
drain trap and in the urinal
sewer branch..

T®RREO - 2� Pav,

3� Pav,

4� Pav.

5� Pav.

6� Pav.

7� Pav.

8� Pav.
BS37

CS7

TQ
PVC 100

Mic37Mic27Mic17

BS27BS17

Mic16

BS16 BS26 BS36

Mic36Mic26 CS6

Mic15

BS15 BS25 BS35

Mic35Mic25 CS5

Mic14

BS14 BS24 BS34

Mic34Mic24 CS4

Mic13

BS13 BS23 BS33

Mic33Mic23 CS3

Esquema Vertical

PVC 75

CV
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7<3(��

When the vent subsystem
is formed by the vertical
stack directly connected to
the vertical vent, in all
floors.

CV
PVC 75

Esquema Vertical

Mic25

Mic26
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Mic14

Mic15

Mic16

Mic17
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TQ

BS34BS24BS14
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5� Pav.

7� Pav.

7DEOH����±�$LU�DGPLWWDQFH�YDOYHV�YHQW�W\SH�GHVFULSWLRQ�

9HQW
7\SH

'HVFULSWLRQ 6FKHPH

7\SH��

When the vent subsystem
is formed by the placement of
the air admittance valve
directly into the vertical
stack, in all floors.
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BS14 BS24 BS34
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7\SH��

When the vent subsystem
is formed by the placement of
two air admittance valves.
One of them is placed in the
floor drain trap sewer branch
and the other one is fixed in
the urinals sewer branch

T®RREO - 2� Pav,
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6� Pav.

7� Pav.

8� Pav.
BS37
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TQ
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Mic37Mic27Mic17

BS27BS17
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BS13 BS23 BS33
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Esquema Vertical
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7\SH��

When the vent subsystem
is formed by the placement of
one air admittance valve, in
the floor drain trap sewer
branch.
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Mic14

VAA

Mic33 CS3

BS23BS13

Mic34

BS33

CS4
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�����'HVFULSWLRQ�RI�GLVFKDUJH�DUUDQJHPHQWV�XVHG�LQ�SURWRW\SHV
To determine the number of sanitary appliances to be discharged simultaneously is necessary to
find out the sewer flows which drain by the pipe installations in study. This flow, called project
flow is function of the use of simultaneity and the typology of sanitary appliances.

Brazilian Norms of Sanitary Sewer, the NBR – 8160 (1999), presents a method  which uses
the binomial distribution, where it is possible to determine the project flow for each part of the
installation, based on the knowledge of the number of appliances in simultaneous use,
considering a failure factor, that is, the reliability level to be stipulated by the project designer
Based on these principles, the number of appliances to be discharged simultaneously were
determined to simulate, in the five usable floors of the tower, flows that occur in buildings
higher than five floors.

3.1.1  Single flow of used appli ances:
- Water closet - tank 11.5 liters – Flow = 0.73 L/s
- Wash basin - Flow = 0.15 L/s
- Shower - Flow = 0.20 L/s
- Urinal - Flow = -0.15 L/s

3.1.2 Discharge arrangements for the configurations
The discharge arrangements used in the tests are shown in table 05. The floor drain traps were
all tested under a flow discharge equivalent to three water basins in simultaneous use.

7DEOH���±�'LVFKDUJH�DUUDQJHPHQWV�IRU�WKH�FRQILJXUDWLRQV�

6DQLWDU\ 'LVFKDUJH�FRPELQDWLRQ

$SSOLDQFHV 'D 'F 'I

Water closed of seven floor

Water closed of six floor
Water closed of five floor
Urinal 1 of seven floor
Urinal 2 of six floor
Urinal 3 of five floor
Floor drain trap of seven floor
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Floor drain trap of six floor
Floor drain trap of five floor

Based on table 05, and on single flows of appliances, tested flows were the following:
1 – Water closet experiments - 11.5 litre:

- 'D�– Flow rate of 8.37 l/s;
- 'F�– Flow rate of 5.58 l/s;
- 'I�– Flow rate of 2.79 l/s.
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���5HVXOWV�DQDO\VLV�

For the analysis of the results found in the several tests, it is verified that, for the cases studied,
the substitution of ventilation with branches and columns for the air admittance valves, didn’t
cause significant increase in the negative pressures along the vertical stack and in branches. As
it can be observed in the figures 08, 09 and 10, where we presented the pressure behavior in
two points different from the installation. With the flow rate of type Da.
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Detergent Action in Building Drainage Systems

D. Campbell, Dept of Building Engineering, Heriot-Watt University, Edinburgh, EH14
4AS, Scotland UK

Abstract
Building drainage ventilation design guides are based on steady state experiments utilising
cold clean water as a test media. However, most ‘grey’ and ‘black’ water sources are dosed
with detergent, and are often warm, which significantly alters the behaviour when
compared to clean water. This paper quantifies the effect of detergents in building drainage
systems in terms of observed air entrainment rates and previously published research on the
factors that contribute to air entrainment, and the experimental techniques used to gather
data are outlined.

Keywords: building drainage,  detergent, foam, airflow

1 Introduction
The successful performance of soil-waste-ventilation (SWV) systems for buildings

depends on the isolation of the habitable space from the waste material and its associated
odours, achieved by the provision of water trap seals at various points in the networks.
Current design guides aim to produce ventilated drainage networks which protect these trap
seals from unwanted air pressures, but are based on steady state experiments utilising cold
clean water as a test media and the assumption that the water falls in stacks as an annulus.
However, most ‘gray’ and ‘black’ water sources are dosed with detergent, and are often
warm, which significantly alters the behaviour when compared to clean water, and there is
evidence to support the fact that a significant proportion of the water falls as droplets in the
air core, thus altering the characteristics of air entrainment.

Recent investigations (Campbell & MacLeod 1999[1]) showed that the work done in
airflow entrainment is shared between the water annulus and the water falling in the air
core. This model is consistent with previous and current work, and offers scope for further
development, in areas such as inclusion of the effects of detergents, which generally
increase air flows and other related effects, on DWV system conditions. Further work
(Campbell & Macleod, 1999[2]) addressed the need for empirical data on the dynamic
response of DWV systems operating with detergent-dosed waste water over typical
temperature ranges. This paper quantifies the effects of discharging warmed detergent
dosed water into a drainage system and represents various detergent types with equations
describing the relationship between water and induced air flows and pressures.

Surfactant Mechanisms
Surface-active-agents (SurfActAnts) are materials which absorb strongly from solution

to the liquid-liquid, liquid-vapor or liquid-solid interfaces in a fluid. Detergents generally
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are accurately described as surfactants. This paper will concentrate on three commercially
used detergent types; anionic: the most widely used domestic surfactant; cationic: used as
fabric conditioners; non-ionic: used in washing powders. In a seperate study by the author,
sampling surveys demonstrated that users invariably overdosed washing solutions by
factors of upto 3. The consequence of this is that detergents are overdosed in many
domestic and industrial applications, and testing at only the CMC is a realistic
simplification in this investigation: all tests were conducted at the CMC for each detergent.

Modeling
Previously published work (Campbell & MacLeod (1999 [2]) attempted to account for

water droplets present in the central air core of stack discharges, and which was predicted
to account for up to 50% of the measured air entrainment force:

τi = τcπDC+ΣCd
1

2 ρVREL
2

This led to a theoretical expression for τc (Campbell & MacLeod (1999 [2])  to represent
the suction and entrained airflow generated by detergent-dosed stack water flow, by
reducing several variables (Va, Vw, D, K, t, Hw, g, ρa, ρw, µa, µw, σ, T) to 9 dimensionless
groupings by applying Buckinghams π Theorem. For the different detergent classes these
can be represented by a general equation of the form:

∆P = 1
2 ρVa
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The variables a-n will adopt unique values for each detergent type and prevailing water

conditions. The ΣCd term is measured experimentally as previously reported  (Campbell &
MacLeod (1999 >�@) .

2 Experimental Testing
Apparatus
The apparatus used for the tests is illustrated in Figure 1, and has been reported

previously (Campbell & MacLeod (1998).

Pure Water Tests:
Data for water velocity profiles was gathered by traversing a 2mm o.d. pitot-static tube

across the stack at a point 2m above the stack lower termination. The pitot and static tubes
and a short section of their transducer connection hoses were deliberately filled with water
(to achieve hydrostatic equilibrium) before each test, essentially forming an inverted ‘u’-
tube manometer: otherwise the results were found to rise during testing as air percolated
slowly and erratically out of the tube.
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A similar water-filled pitot tube approach was also adopted by Wylie & Eaton[10]. To
establish the quality of data from the transducer, a few tests were conducted with dyed
water inside the tube and pipe: subsequent spectrophotometry revealed that no dye dilution
had occurred. These observations suggest that no water exchange took place during testing.
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To supplement the kinetic water pressure data, traverses were also taken to establish the
phase composition throughout the flow, essentially repeating the work of Wylie & Eaton[10].
Simply disconnecting the pitot-tube hoses from the pressure transducer and diverting them
into a graduated cylinder (Figure 1) provides the phase composition change through the
flow, referenced with respect to unity at the stack wall. This supplements the investigation
conducted previously (Campbell & MacLeod (1998) illustrated in Figure 2, in which a
trace substance was added to the mixed phase flow, and velocity samples were taken across
the stack diameter for various flow conditions. Data for airflow calculations employed a
reduced diameter section in the dry stack to facilitate volumetric airflow rate measurement,
a profile across the dry stack was required so that airflow in the wet stack, measured by the
water-filled pitot-static tube, could be verified by calculation..

Figure 2 Detail of particle viewing assembly. The view shield ensures that
only particles close to the face of the wedge are seen.

particle path

Results & Discussion
Figure 3(a) shows the variation in phase composition (expressed as density) across the

stack diameter for a water flow input of 1.5 l/s, assuming the same 80% catchment figure
used by Wylie & Eaton[11]. Note that the data do not span the whole diameter of the stack, as
the width of the pitot tube prevented it from approaching closer than about 4mm from the
stack wall. Data from Wylie & Eaton is superimposed, although it is inferred from the
airflow/waterflow ratio, and was gathered at 100gpm (6.54l/s). Under these circumstances,
established theory suggests an annulus of thickness 1.95mm, in which all of the water is
contained, yet Figure 3(a) indicates that the annulus contains only about 45% of the total
water flow volume, and that the region near the centre of the stack contains about 2% water
by volume. The implication is that the water annulus must be thinner or less dense than
previously theorized, and that a significant proportion of the water will be falling as
isolated droplets with a terminal velocity influenced by the local (moving) air instead of
pipe friction.
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Figure 3(a). Density of the air/water mixture, at a water flow rate of 1.5l/s, moving from
the stack wall towards the center. 
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Figure 3(b). Velocity of the phase mixture in the stack at 1.5 l/s water flow, based on
the density variation with stack radius.

By allowing for the density variation across the stack diameter, the velocity profile of the
phase mixture can be generated, and this is shown in Figure 3(b), which includes velocities
in the centre of the stack and down to within 4mm of the stack wall, essentially sampling
conditions in the water-only annulus. The center line velocity is much higher than the wall
velocity, which is consistent with the assumption that a proportion of the water falls as
droplets while interacting with the local air flow. Under these conditions, the water droplet
terminal velocity may be influenced partly by the terminal velocity of the air, which is, in
turn, determined by the dry stack friction and possibly air/water shear stress if the annulus
velocity is locally low. This profile is essentially the inverse of the profile previously
assumed to exist.

By subtracting the appropriate density elements, the flow rate of the air and water
components of the phase mixture can be extracted, and these are shown in Figure 4. Note
that the water flow rate contains two peaks: one close to the stack wall, corresponding to
the annular film, and another midway between the stack wall and the center line. The
explanation lies in the opposing velocity and density contributions of the water component
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of the phase: the velocity rises but the percentage water by volume decreases moving
towards the stack centre. The volumetric airflow rate calculated from the observed mixed
phase profile should match the measured airflow induction rate: the respective figures are
10.5l/s (measured) and 9.8l/s (calculated), based on a water flow rate of 1.5 l/s.
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Figure 4 Air and water flow rates at 1.5l/s water input in a 100mm diameter stack

Figure 5(a) shows the air flow rate relative to the water flow rate in the stack,
superimposed with data from Wylie & Eaton[11]. Although the Wylie & Eaton[11] data was
gathered at a higher water flow rate and a smaller pipe diameter, it is clear that the airflow
ratio in the DRG results becomes dominant in the center of the stack. Figure 5(b) shows the
results of calculating the shear stress, force and friction factor for 100% annular flow, then
re-calculating with 50% reduction in annular flow. The original friction was then used to
generate a new shear stress and force: the new force was deficient by about 50%, depending
on the flow rate. The deficiency is assumed to be due to droplet drag. Note that below about
2l/s, the droplet force dominates.
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Figure 5(a) Air flow rate expressed as a ratio of the water flow rate, against
radial position. 

Detergent Tests
Due to opacity of the foam generated when detergents were used, the equipment

described above was not suitable for tests to determine the phase composition across the
diameter of the stack, and this is an area of ongoing research. Instead, data is presented on
the final form of the relationship between water flow and induced airflow for various
detergent classes, which updates the findings of earlier work (Campbell & MacLeod
(1999).
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Figures 6-8 show the collapsed data for the three main classes of detergent. For the
purposes of mathematical modelling and inclusion into the AIRNET package, the defining
equations required for the solution by the method of characteristics are as follows:

Anionic: ∆P = 1
2 ρaVa
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Non-ionic: ∆P = 1
2 ρaVa

2 ƒ(x)( )1.7232

D
t

 
 
  

 
 

−2.06

 

 

 
 
 
 

 

 

 
 
 
 

3.968

× 2.713 ×104 , where the function ƒ(x) =

9
D

9
Z

 
 
  

 
 

−0.0709

× )U1.85 × Re
Z

0.4*
'
+

 
 

 
 

0.61

×
N
'

 
 

 
 

0.21

×
J'3ρ

Z

2

µ
Z

2

 
 
  

 
 

−0.7

×
µ2

σ
Z
ρ
Z
'

 
 
  

 
 

0.2922

×
7'ρ

σ
 
 

 
 

1.097

Cationic: ∆P = 1
2 ρaVa
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Figure 7. Non-dimensional collapsed data for Non-ionic surfactants
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Figure 6. Non-dimensional collapsed data for Anionic surfactants
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Figure 8. Non-dimensional collapsed data for Cationic surfactants
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Figures 6-8 indicate higher airflow entrainment rates for anionic and non-ionic detergents:
for anionic and non-ionic detergents, there is a marked increase in suction pressures as
shown in Figure 9. This is consistent with the predictions above that decreased σ values
resulting from detergents will increase the efficiency of airflow entrainment through
increases in τc.
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Figure 9. Comparison of suction pressures generated between detergent
dosed and clean water discharges
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Conclusions
The historical development of research in the area of DWV systems has included

extensive research into the hydraulic and pneumatic conditions in the stack and vent pipes,
revised recently by Wise & Swaffield12. Historically, the results were interpreted as
suggesting that the water in a stack falls as an annulus which then entrains an airflow
causing an associated pressure drop dependant on the dry stack configuration. The model
proposed in this paper builds on the research of many previous workers and current DRG
work, and suggests that the airflow entrainment is shared between the water annulus and
the water falling in the air core. The proposed model is consistent with previous and current
work, and suggests a velocity profile in the stack.
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$EVWUDFW

7KURXJK� D� QXPEHU� RI� UHFHQW� UHVHDUFK� SURMHFWV� WKH� XQGHUVWDQGLQJ� RI� WKH� K\GUDXOLF� SHUIRUPDQFH� RI
V\SKRQLF� UDLQZDWHU�GUDLQDJH�V\VWHPV�KDV� LQFUHDVHG��7KLV�KDV� UHVXOWHG� LQ� WKHVH� V\VWHPV�EHFRPLQJ�PRUH
ZLGHO\� DFFHSWHG� ZLWKLQ� WKH� FRQVWUXFWLRQ� LQGXVWU\�� +RZHYHU�� WKHUH� LV� VWLOO� D� UHTXLUHPHQW� IRU� IXUWKHU
NQRZOHGJH��SDUWLFXODUO\�ZLWK�UHJDUG�WR�WKH�LQWHUIDFH�EHWZHHQ�WKH�SHUIRUPDQFH�RI�D�UDLQZDWHU�RXWOHW�DQG
WKH�IORZ�FRQGLWLRQV�ZLWKLQ�WKH�LQVWDOOHG�SLSH�ZRUN�

7KH�RSHUDWLRQDO�SUHVVXUHV�H[SHULHQFHG�ZLWKLQ�WKH�SLSH�ZRUN�RI�D�V\SKRQLF�UDLQZDWHU�GUDLQDJH�V\VWHP
DUH� RIWHQ� VXE� DWPRVSKHULF�� 3DVW� VWXGLHV� KDYH� LGHQWLILHG� WKDW� WKHUH� LV� SUHVVXUH� GHFD\� ZLWKLQ� D� V\VWHP
GRZQVWUHDP�RI�WKH�RXWOHWV��ZLWK�WKH�ORZHVW�SUHVVXUH�EHHQ�H[SHULHQFHG�DW�D�SRLQW�ORFDWHG�DW�WKH�WRS�RI�WKH
JUHDWHVW�YHUWLFDO�GURS��7KH�SHUIRUPDQFH�RI�D�V\SKRQLF�UDLQZDWHU�GUDLQDJH�V\VWHP�ORFDWHG�ZLWKLQ�D�JXWWHU
PD\�EH�DIIHFWHG�E\�WKH�SUHVVXUH�GHFD\�EHLQJ�WUDQVODWHG�EDFN�LQWR�WKH�JXWWHU�YLD�WKH�UDLQZDWHU�RXWOHW�

$V�SDUW�RI�WKH�RQJRLQJ�LQYHVWLJDWLRQ�LQWR�WKH�SHUIRUPDQFH�RI�V\SKRQLF�URRI�GUDLQDJH�V\VWHPV�D�PHWKRG
RI� GHWHUPLQLQJ� WKH� IORZ� UDWHV� WKURXJK� LQGLYLGXDO� UDLQZDWHU� RXWOHWV� KDV� EHHQ� GHYHORSHG�� � 7KLV� SDSHU
GHVFULEHV� WKH� GHYHORSPHQW� RI� D� G\H� FRQFHQWUDWLRQ� WHFKQLTXH� IRU� WKH� PHDVXUHPHQW� RI� IORZ� WKURXJK
LQGLYLGXDO�RXWOHWV��ZLWKRXW�DIIHFWLQJ�WKH�SHUIRUPDQFH�RI�WKH�FRPSOHWH�V\VWHP��7KH�UHVXOWV�KDYH�EHHQ�XVHG
WR�LQYHVWLJDWH�WKH�HIIHFWV�WKDW�WKH�QHJDWLYH�SUHVVXUHV�ZLWKLQ�WKH�SLSH�ZRUN�KDYH�XSRQ�WKH�SHUIRUPDQFH�RI
WKH�V\SKRQLF�UDLQZDWHU�RXWOHW�

.H\ZRUGV
Gutter, hydraulic performance, outlet, rainwater, syphonic roof drainage

���,QWURGXFWLRQ

One strategic advantage of syphonic roof drainage system over conventional
systems, is the ability to rapidly remove large volumes of rainwater safely and
effectively. This ultimately leads to significant cost savings with the building drainage.
Additionally, current attitudes throughout the construction industry mean that
developers and constructors operate under increasing constraints, in order to achieve
targets both in time and monetary terms. This is true for all aspects of building
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construction, including the roof drainage. In some cases the drainage of the roof area of
a building does not receive the same level of consideration that many of the more
prestigious aspects of the building receive. This maybe due to the fact that the roof
drainage only forms around 1% of the project budget. If developers were more aware of
the significant costs associated with system failure, then more consideration would be
given to the design of the rainwater disposal system.

In the past, this lack of consideration has resulted in systems being installed without
due diligence to the accurate assessment of hydraulic performance. This is vitally
important when the systems are installed within valley or eaves gutters. Checking
engineers, although experts usually work only with the information that is supplied by
the individual rainwater system component manufacturers. If such information is not
correctly verified, for example through rigorous testing of the particular combination of
gutter and rainwater system, it may prove difficult to accurately predict the hydraulic
performance of the system.

This paper describes a series of performance evaluations of a syphonic roof drainage
system, utilising a full-scale test facility, located on the roof of Department of Civil and
Structural Engineering, at The University of Sheffield. A schematic diagram of the
system is shown in figure 1

A full description of the system was outlined by Bramhall and Saul (1998). The
system has been used to establish the hydraulic performance of a syphonic system
containing three rainwater outlets.

)LJXUH�����6FKHPDWLF�GLDJUDP�RI�D�IXOO�VFDOH�WHVW�IDFLOLW\

���$LP�RI�7KLV�6WXG\

The aim of this study was to assess the affect that sub-atmospheric pressure within
the piping system has upon the depths of water within the gutter for any given rate of
flow. Analysis of previous areas of study has highlighted the pressure regimes within a
system and the relationship between each component with respect to pressure. The need
for the development of a dye tracer technique in order to establish flow rates within any
individual part of a system has been highlighted. This has been achieved without
compromising the effect intrusive flow measurement techniques may have had on the
performance of the syphonic action within the system.

1.32m 16.2m 16.2m 1.32m

RAINWATER
OUTLET

RAINWATER
OUTLET

RAINWATER
OUTLET
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���6XE�$WPRVSKHULF�3UHVVXUHV�ZLWKLQ�D�6\SKRQLF�V\VWHP

Through the understanding of how depressurisation occurs within each element of a
syphonic system, it can be shown that there may be a possibility of the translation of the
effects of the depressurisation into a gutter.

7KH�2XWOHW

Slater (1998) noted that the depressurisation experienced between the inlet and
tailpipe of a syphonic outlet was dependant upon the flow. Using a commercial CFD
package he was able to show that at a given flow rate of 6 l/s the pressure drop across
the outlet was in the region of 0.0315 bar

)LJXUH���±�3UHVVXUH�GLVWULEXWLRQ�ZLWKLQ�DQ�RXWOHW�DW��O�V

Maximum pressure =  2.403x102 Pa
Minimum pressure  = – 2.913x103 Pa
Pressure drop across outlet = 2.403x102 – (-2.913x103)

= 3.1533 KPa
= 0.0315 bar

When the flow rate was increased to 12 l/s the pressure drop increased to 0.2788 bar.
This pressure drop occurred over a relatively short distance as the length of the outlet is
only 150mm.Figures 2 and 3 clearly identify the regions of depressurisation within the
outlet for steady state flows of 6 l/s and 12 l/s.
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)LJXUH���±�3UHVVXUH�GLVWULEXWLRQ�ZLWKLQ�DQ�RXWOHW�DW���O�V

7KH�SLSH�ZRUN

The flow regime within the pipe work of a syphonic system develops through a cycle
as the rainstorm events unfold. Initially, the flow through a syphonic system will be as
shown in figure 4, flow pattern 1. Similar in operation to a gravitational system the
resulting flow would partially fill the pipe.

The gravitational flow will be transformed into full-bore flow as the storm intensity
rises. Air is excluded from the system as the water level within the outlet approaches the
ant-vortex plate. Arthur and Swaffield (1999) described how the syphonic action is
initiated within the pipe network as the rainstorm intensity and consequently the flow
velocity increases.

)ORZ�SDWWHUQ�� �*UDYLW\�IORZ�
)ORZ�SDWWHUQ�� �3OXJ�IORZ�

)ORZ�SDWWHUQ�� �%XEEOH�IORZ� )ORZ�SDWWHUQ�� �)XOO�ERUH�IORZ�

)ORZ�'LUHFWLRQ

)ORZ�'LUHFWLRQ

)LJXUH���±�6WDJHV�RI�SULPLQJ�RI�D�V\SKRQLF�V\VWHP
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As this priming process progresses to the full bore flow condition, a depressurisation
of the pipe work occurs, hence the quantity of water discharged from the roof or gutter,
is increased.

%HUQRXOOL¶V�(QHUJ\�(TXDWLRQ

A Syphonic rainwater system designer has to solve the fluid mechanism problem
presented by the height of the building and the quantity of rainwater generated by the
storm event. Currently within the industry the pipes are considered to flow full and
consequently Bernoulli’s energy equation is used to determine the change in flow
conditions between any two points in the system.
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Bernoulli’s energy equation

The terms on the left-hand side of the equation indicate the changes in the total
energy of the flow, attributable to the pressure energy, (h1-h2), potential energy (z1-z2),
and the corresponding kinetic energy.

The two terms on the right hand side of the equation determine the loss of total
energy between the two points. The first term is an expression of the losses at bends,
fittings and changes in the cross sectional area. The remaining term accounts for the
frictional losses of the length of pipe between the two points.

Evaluation of the energy gradient is commonly obtained from the Colebrook-White
formula shown.
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Colebrook-White formula

This equation involves factors including the pipe diameter, surface roughness and
viscosity of the liquid.

These two equations are applied across the whole piping network in order to obtain
the syphonic system design. Essentially the syphonic system is a process of careful
analytical sizing of a piping network, accurately matching the resistance of that network
to the height of the building at the design flow capacity. Recent research (Arthur and
Swaffield 1999) has seen the development of a numerical model that is capable of
representing the two-phase flow priming of a syphonic system. Not yet currently
adapted to encompass multi outlet systems the results from laboratory test are
comparable to the flows predicted by the model.

May (1996) highlighted that low pressures in a syphonic system should be
considered for two reasons. One being,  the ability of the pipe material to resist the
buckling forces implied by the negative pressure. This area of study has been reported
upon by Bowler and Arthur (1999),  who concluded that through the correct choice of
pipe material the issue of pipe failure due to buckling should be eliminated. The
phenomenon of cavitation was the second consideration of May (1996) who
recommended that the cavitation index for pipes and fittings should be incorporated into
the design analysis of a syphonic system.
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Additional to the work undertaken by May, this author hypothesises a possible third
reason for the consideration of negative pressures within a syphonic rainwater system.
This reason concerns the performance of a rainwater outlet being enhanced by the
negative pressures both in the outlet itself and the associated pipe work. The application
of Bernoulli’s energy equation, combined with the Colebrook-White equation across a
full flowing system, predicts that typically the rainwater outlet located closest to the
vertical stack will have a higher capacity than any other individual outlet. Furthermore,
the pressure distribution chart for the system highlights that the position of this outlet
coincides with the area of least pressure within the system. Figure 5 shows the typical
pressure distribution relative to the vertical stack and the rainwater outlets. In an attempt
to confirm the hypothesis a series of tests were performed. The first test compared the
head of water around an outlet rim with the flow rate and localised pressure. The second
test developed a dye tracing technique in order to establish the proportion of total flow
attributed to individual outlets.
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Point A = Discharge point
Point B = Top of vertical stack
Points C,D,E,F and G = outlet positions

���([SHULPHQWDO�0HWKRGRORJ\

A description of a full-scale test facility located on the roof of the Department of
Civil and Structural Engineering at the University of Sheffield, was outlined by
Bramhall and Saul (1998). By utilising this facility through data collection and
observation, an experiment was undertaken to determine how a negative pressure within
the pipe work of a syphonic system affected the flow regime within the gutter. Previous
tests, Bramhall and Saul (1999), have concluded that for a given steady state flow
entering the gutter, and two outlets being located at the extreme ends of the gutter, the
variation in the working head of water around the rim of each outlet was insignificant.
The application of a weir flow equation would suggest that the outlets are accepting the
same flow rates and contradicting the Bernoulli prediction that the outlet nearest the
vertical stack has the capability of accepting greater flow rates than the other outlets.
Therefore, if the working heads of water around each outlet rim are similar, but the
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flows different, then the negative pressure generated within the outlet and associated
pipe work may be having an affect upon the outlet’s working head of water.

A three outlet syphonic system was installed within the 35 metre long test facility,
the distance between each outlet is shown in figure 1. Steady state inflow rates to the
gutter were measured through the use of pneumatically controlled valves. Depth
measurements of the water within the gutter were recorded around each outlet rim and
at the upstream points of zero flow (i.e. the point at which the flow divides to flow
between two outlets). Pressure readings were recorded along the main horizontal
collector pipe at the branch junction of an outlet, by means of a dial gauge. Steady state
inflow rates were measured against water depths and observations of flow patterns
within the gutter taken.

���'LVFXVVLRQ�RI�5HVXOWV

Figure 6 shows the relationship of flow against depth at various steady state flow
rates. The three outlets were positioned between points 1 & 2, 4 & 5 and 7 & 8. Points 3
and 6 were the positions of zero flow (i.e. the point at which the flow divides to flow
between two outlets). As previous studies have shown, and as relevant standards
predict, the upstream depth of water within the gutter is clearly definable from the
working head of water around the outlet. It should be noted that throughout the tests at
varying inflow rates the variation in water depths around the two extreme outlets
remains within 5mm. If this were a conventional gravity system the similar water depths
would suggest that the outlets have the same flow capacity. However, when Bernoulli’s
energy equation is applied to the system, the outlet at point 7 is predicted to accept
18.5% more flow than the outlet at point 2.
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Alongside the Bernoulli’s predicted values of pressure, table 1 shows the pressures
recorded at the junction of each outlet branch as it connects to the main collector pipe. It
may be seen that in both the actual and calculated cases, the values of pressure are lower
at the outlet situated nearest the vertical stack, i.e. point 7. The two values of pressure
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recorded at the steady flow rate were due to the characteristic oscillation of the syphonic
system during the priming phase. The effects of the oscillation were transmitted into the
head of water around the outlet rim. Figure 6 identifies the fluctuations within the water
depths at point 2 and 7. Observation of the water velocities within the gutter revealed
the velocity around the two extreme outlets to be different. The highest velocities within
the gutter were observed around the outlet located nearest to the vertical stack. As the
water depths within the extreme ends of the gutter were comparable the increase in
velocity would suggest an increase in flow.

5HFRUGHG�0HDVXUHPHQW
�EDU�

%HUQRXOOL¶V�&DOFXODWLRQ
�EDU�

)ORZ
O�V 3W�� 3W�� 3W�� 3W�� 3W�� 3W��
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7DEOH���±�0HDVXUHG�DQG�FDOFXODWHG�SUHVVXUHV

    The results of this particular test highlighted the need to assess the flow rates down
individual outlets. Inflows to the gutter may be measured accurately through the use of
control valves. However, this method of flow measurement does not indicate the
proportion of the total flow being drained by individual outlets. A method of
determining this individual flow without placing restriction within the pipe had to be
found. The insertion of flow meters both mechanical and ultrasonic was considered but
these were found to be unsuitable due to the fact that pipes flow part full and the
necessary restriction to flow. Fluorometry has been typically used in the measurement
of flow within streams, rivers, partially filled sewers and open drainage canals.
Adaptation of this tried and tested method of flow measurement into the roof drainage
systems has been developed.

���'HYHORSPHQW�RI�D�G\H�WUDFHU�WHFKQLTXH�IRU�WKH�FDOFXODWLRQ�RI�IORZ

A dilution of dye is injected into the bowl of the rainwater outlet located furthest
from the vertical stack. Injecting the dye in such a way enables the dilution to mix with
the turbulent flow of water within the outlet. The flow rate of the dilution was
controlled through the use of a variable speed pump. Figure 7 shows the configuration
of the dye injection points and sample retrieval points.

By comparing the initial analysis of the dye concentration and the analysis of the
samples retrieved from points 1 and 2 it is possible to calculate the rates of flow within
individual rainwater outlets.
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.

)LJXUH���±�&RQILJXUDWLRQ�RI�G\H�WUDFHU�WHFKQLTXH

QI = Flow rate of initial dye water mix  (l/s)
CI = concentration of initial dye water mix (l/l)
Q1 = Flow rate at point 1 (l/s)
C1 = Concentration of dye at point 1 (l/l)
Cb = Background concentration (l/l)

���&RQFOXVLRQ

• Areas of negative pressure within a syphonic system have been identified and 
investigated.

• Pressure decay within a syphonic system has been recorded.
• Previous areas of study have been assessed and reported on
• A dye concentration technique has been developed for the measurement of flow 

through individual outlets.
• Observed velocities within the gutter suggest the outlet located nearest to the 

vertical stack of a system accepts more flow than weir flow calculations suggest

���)XUWKHU�:RUN

By design, negative pressures are experienced within the pipe work of a
syphonic system. The initial tests have indicated that due to the existence of the
below atmospheric pressure within the associated pipe work, the hydraulic
performance of an outlet may be enhanced.

It is the intention that future work will investigate the effects a negative
pressure has upon an outlet’s capacity. This will be achieved by measuring the
steady state flow rate through an outlet using the dilution technique developed
within this study, and recording the depth of water above the outlet. Careful
manipulation of tailpipe diameters to give different flow velocities and
consequently the negative pressure within the pipe work, will enable comparisons
to be made. Through a series of such tests, the effects of negative pressure upon an
outlet will be determined. It is proposed that the tailpipe diameters will be
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Q1

C1

Q2

C2

Cb
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changed on a maximum of two further occasions (one larger and one smaller than
existing).

Once the full series of tests have been completed the tests will be repeated
using alternative designs of syphonic rainwater outlets. In addition to confirming
the accuracy of the numerical models, the change of outlets would also highlight
the adaptability of such models and give credibility to the findings. Repeating the
tests in this way would give confidence to all designers and help to ensure that the
results are adopted throughout the syphonic rainwater drainage industry with a
high degree of confidence.

���5HIHUHQFHV

��� %UDPKDOO� 0�$� DQG� 6DXO� $�-� ([DPLQDWLRQ� RI� WKH� 3HUIRUPDQFH� RI� 6\SKRQLF
5DLQZDWHU�2XWOHWV��&,%�:���:DWHU�6XSSO\�DQG�'UDLQDJH�IRU�%XLOGLQJV�6\PSRVLXP�
'XWFK�%XLOGLQJ�6HUYLFHV�5HVHDUFK�2UJDQLVDWLRQ��,662��5RWWHUGDP��6HSWHPEHU�����

��  6ODWHU�-�$�&RPSXWDWLRQDO� IOXLG�G\QDPLFV�VLPXODWLRQ�DQG�DQDO\VLV�RI�V\SKRQLF�URRI
GUDLQDJH�RXWOHWV��06F�SURMHFW�������6KHIILHOG�+DOODP�8QLYHUVLW\�

��  $UWKXU�6��DQG�6ZDIILHOG�-�$ 1XPHULFDO�PRGHOOLQJ�LI�V\SKRQLF�UDLQZDWHU�GUDLQDJH
V\VWHPV�±�7KH�UROH�RI�DLU�LQ�WKH�V\VWHP �WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�8UEDQ�6WRUP
'UDLQDJH��6\GQH\��6HSWHPEHU������

�����%RZOHU�5��DQG�$UWKXU�6��6LSKRQLF�URRI�GUDLQDJH�±�GHVLJQ�FRQVLGHUDWLRQV��&,%
:���:DWHU�6XSSO\�DQG�'UDLQDJH�IRU�%XLOGLQJV�6\PSRVLXP��(GLQEXUJK��6FRWODQG�

����0D\�5�:�3��DQG�(VFDUDPHLD�0�3HUIRUPDQFH�RI�VLSKRQLF�GUDLQDJH�V\VWHPV�IRU�URRI
JXWWHUV��H R Wallingford Report SR 463, 1996.

��� %UDPKDOO� 0�$� DQG� 6DXO� $�-�� +\GUDXOLF� 3HUIRUPDQFH� RI� 6\SKRQLF� 5DLQZDWHU
2XWOHWV���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�8UEDQ�6WRUP�'UDLQDJH��6\GQH\��6HSWHPEHU
�����
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$�1HZ�7KLQNLQJ���$Q�(FRORJLFDO�6HZHUDJH

�6\VWHP���1ROVRQ�6\VWHP

(VNLO�2OVVRQ��(VNLO�2OVVRQ�,QWHUQDWLRQDO�$%�
(aeskill.olsson@simrishamn.mail.telia.com)
(http://w1.414.telia.com/~u41400747/eolsson.html)

$EVWUDFW

Environment work is profitable. One condition for a future durable society is to increase the

knowledge of environment, circulate the knowledge in the society and transform it into practical

action.

The waste from hoseholds have been a problem for both Communities and State Government.

It is not only a question of sorting the garbage, it is also a question of making the possibility of

care-taking with a method for recycling and circulation of waste water, refuse and kitchen

garbage.

The aims are reduced household waste, reducing of the nature recourse, reducing flow of

material in general and more use of effective energy.

According to EU the number of garbage and refuse shall be gradually reduced.

The Nolson System is developed in order to meet the new requirements.

The system allows using kitchen grinders for grinding down all organic waste in the drainage

system, which increaseses the quantity of sludge with 50% but can be used for biogas

production. The remaining sludge could be used as a soil fertiliser.

In the same time the quantities of garbage reduces to dry refuse which is burnable and generates

energy.
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7+(�)$&7
Clean water into the building and clean waste water out from the building is a common
requirement you can demand from all construction and building owners. Households waste water
is so contaminated that requirements are needed, (1)

The result from an investigation shows that even the grey-water (kitchen + bathroom and
laundry) is contaminated to such an extent, that it must be highly observed. This means the grey-
water can not be let out into a recipient without a special treatment.

Many facts indicate that our garbage and refuse dumping places are poisoning our lakes. In
Sweden there are about 600 – 700 dumping places, and we produce 7 billion ton consumption
garbage and refuse pro year of which 50% ends up in the garbage dumps, the remaining ton are
composed or burned up.

* According to EU the number of garbage and refuse shall be gradually reduced, and dumps of
garbage and refuse are regarded as the last way to solve the garbage and refuse problems.

* The environment code which comes into force year 2000 prohibits dried burnable refuse and
garbage dumping places on the dumps from year 2003.

An inventory of existing refuse and garbage dumping places in Sweden are going on. For the
time being one does not know which type of poison substances is in question infecting our lakes.
Serious damages have been seen on 80% of a number of fishes where a certain sort of fishes
occur. It concerns above all perch, roach and zool.

%$&.*5281'

Environment work is profitable, particular in the long run. We are about sex billion people in the
world, and we are getting on towards ten billion. At the same time the productive capacity of the
earth "nature" reduces in fields, forests and marine systems. This happens by over- using our
nature resources and a wrong dealing with our lands and ground water. The reduction of the base
recources are also exposed to the change of climate and the increased content of contamination.

It seems like we are going into a resource funnel, where the inclination of the walls symbolises
less and less room for health, welfare and good economy. The industries have here a heavy
responsibility.

:KDW�FDQ�ZH�GR�IRU�WKH�IXWXUH�VRFLHW\�FRQFHUQLQJ�UHIXVH�DQG�JDUEDJH�FLUFXODWLRQ�"

One condition for a future durable society concerning refuse and garbage circulation is to
increase the knowledge of environment, circulate the knowledge in the society and transform it
into practical action.

�5HVHDUFK��HGXFDWLRQ��LQIRUPDWLRQ�DQG�SUDFWLFH�

The aim for such a suggestion is to strengthen the co-operation within research, education and
information. Besides, such a proposal offers a space where theory can meet practical application.

The activities containing such a suggestion should not replace but rather complete and strengthen
other activities within different fields.
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$�6ZHGLVK�H[DPSOH�
How good are we in Sweden for example to sort kitchen garbage and refuse? An example is
from the "News in Österlen", Skåne, (the Communities of Simrishamn and Tomelilla), where
about 32 000 inhabitants are connected to the garbage and refuse treatment plant Måsalycka.
According to a safe statistic from Måsalycka, the householders in Österlen carry at home about
70 ton packing of metal refuse each year. Unfortunately they are not as conscientious about
leaving these packing of refuse back for recycling after having been emptied of their contents. Of
the 70 ton packing of metal we carry at home only 27 ton, about 38 % will be recycled.

The Government of Sweden has approved (Government bill 1998/99:84) a future tax on garbage
and refuse which are removed to refuse dumping places. This law is valid from 1 January 2000.

From hygienic-, environmental and human welfare point of view it should be desirable to
simplify the charge of ZDVWH�ZDWHU�DQG�JDUEDJH�IURP�DSDUWPHQWV�

There are systems ( see figure 1.) which facilitate the care-taking.

One system� 12/621�6<67(0 is based on seven important components, which are in use
separately and not in a total system, namely;

1. Kitchen grinders which are installed under the sink (Where all organic waste can be grinded).

2. Sedimentation chambers are installed in or near the buildings, where sludge and waste water
are separated from each other at an early stage.

3. The transport takes place in two small bore pipes, one for waste water, one for sludge.

4. A Biogas reactor for sludge treatment is installed in the house or outside the building.

5. The treating of waste water is done in an infiltration plant or in a conventional treatment plant.

6. Refuse shute (sorting of the rest of refuse) is done in the building. (See fig.2. point 8.)

7. Transport of the rest of refuse from the building is done by normal truck (once a month)

7KH�TXDQWLW\�RI�JDUEDJH�
Each person produces about 70 m3 waste water pro year and about 700 kg households waste pro
year. (The figures of households waste are different in the literature and varying between 400 -
700 kg per person and year). This fraction has increased under the last years [see report from
Staffanstorp (3), an investigation of 100 households].

The waste from households have been a problem for both communities and State Governments.

It is not only a question of storing the garbage, it is also a question of making the possibility of
care-taking with a method for recycling in a better way than the case is to day. It must be less
costly than a conventional system.

7KHVH�SUREOHPV�DUH�QRW�RQO\�6ZHGLVK�WKHUH�DUH�*OREDO�
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+RXVHKROGV�ZDVWH�DQG�UHF\FOLQJ�
"If we go back to the households waste, which each person gets into contact with, it can be
noticed that the waste is about 40% which the communities take care of and transport to a
dumping place. More than 50% are burned up in a thermo power station and a small part is
placed for composting etc". Dumping and burning is not a good solution according to some
people, others consider the opposite [see article in the Newspaper, eva.hernback@dn.se].Most of
the waste can be used. The Compost takes half part of the waste.

Here people agree.

Mostly can be recycled.

The dangerous waste is a small quantity which is specially treated. Of all the waste we throw
way in a bin-liner can about 97% be used.

A total picture of the households waste can be divided in burn-able material and not burn-able
material.

5HF\FOLQJ��LW�LV�SURILWDEOH"
The industrial life works for a product development where recycling and responsibility of the
producers is natural.

There are a number of articles written about this subject where 50% accepts and 50% refuses
recycling as profitable. Most of the articles are dealing with calculating and different approach.

Nobody considers that the environmental responsibility must be costly.

To day the consumer is used to sort the waste and transport it to the disposal plant. This is a
direct cost for the consumer. A number of people about 30%, for instance retired and disabled
persons, cannot manage or have no possibilities to transport their garbage to the containers.
Besides, these are not an ornament to the environs.

To achieve a community in the long run is tenable.

Recycling is one of the most important instruments and it is not an aim itself. The aims are
reduced household waste, reducing of the nature resource, reducing flow of material in general
and more use of effective energy.

An International agreement describes these aims regarding this background

There are three strong ways we should carry on the recycling because;

1. Recycling stimulates producing of better products.

2. Recycling saves resources.

3. Recycling saves energy
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6RUWLQJ�RI�KRXVHKROGV�ZDVWH�
The Swedish National Environment Protection Board writes about obvious

environmental benefits in connection with recycling (5). These articlesmtake up questions on
packing indudtries. The consumer pays about 2 400:- Swedish Crowns/

person and year for the wrappings, which become a problem for environment.

"Sorting of households waste pays off. Recycling is not possible without sorting.

Recycling saves energy and primary products", writes The Swedish Environment Board.

6WULFW�HQYLURQPHQW�UHTXLUHPHQWV�DUH�D�SRVVLELOLW\�
Certifying is one way of several possibilities. In the wake of rigorous environmental legislation
and new technology we can see adapted transport services, developed business-relations and new
sectors grow up.

6ZHGLVK�7UDGH�&RXQFLO�(QYLURQPHQWDO�7HFKQLTXH�IRU�H[SRUW�
Swedish Trade Council under management of Rutger Engsäll has published a suggestion plan
2000 for environmental export. It is done with help of a Web-site, which gives a possibility for
companies and users to follow up development in this field.
The web-site address is��KWWS���VHG�VZHGLVKWUDGH�VH�H�LQGH[�KWP"JR ROVVRQ!

12/621�6<67(0�D�%UHDI�GHVFULSWLRQ�RI�RQH�VROXWLRQ
The Wastewater Treatment System consists of three major parts each with their specific
functions. These are collection and transportation, waste water treatment and sludge treatment.

The transportation, the sewer system, is characterised by the use of small bore sewers and a
specially developed siphon device. This allows a transport of various flows, especially from low
flow systems. In this system the available slope is not critical. The sludge transport is achieved
by pressure or vacuum system.

The treatment is actually a pre-treatment where the waste is separated from the liquid into an unit
similar to the septic tank. The pre-treatment is done close to the waste source, which makes it
easy to treat. The sludge is fresh and treatable. The final treatment of the liquid may take place in
a conventional treatment plant or in an infiltration/land treatment system.

The third part of the NOLSON SYSTEM is the biogas reactor for sludge treatment. The sludge
from the septic tank unit is collected and pre-treated in a thickener. The final treatment is an
anaerobic treatment in a reactor where the biogas is collected. The remaining sludge could be
used as a soil fertiliser.

The system gives the possibility to initial separation at source.
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7HFKQLFDO�LQIRUPDWLRQ���1ROVRQ�6\VWHP
As mentioned earlier the technical solution is to separate sludge in a very early stage of the
transport of waste water form the building. With the help of pressure or vacuum the  sludge is
transported to a new type of biogas reactor for biological degradation (anaerobic) where the
treated material could be used as a soil fertilizer.

Two important units are included in the system, namely the sedimentation chamber placed near
the building (service pipe) and the biogas reactor which breaks down the biological material in
an anaerobic way.

The following principal figure shows the place of the units in the Nolson System.

In figure 2.�are all units in the transporting system mentioned and their location. Even the pipe
system with two small bore pipe systems starts and ends up in the treatment plants biogas reactor
and infiltration plant, even the Refuse shute is shown in the figure.

&216758&7,21�2)�7+(�12/621�6<67(0
For construction of the Nolson system needs information about the different units involved in the
system, how they work and how the dimension and calculation has to be done.

',0(16,21,1*

,QVLGH�EXLOGLQJV�

Dimension inside buildings performs after EU-standard System II prEn 12056 1-6. Installing of
kitchen grinders does not effect the design of the drainage system.

Installation of kitchen grinders inside buildings is only necessary if it is demanded from the
owner or by the habitants in the apartment.

The installation is very easy and can be done by a plumber and an electrician. An electric
connection in the kitchen sink is needed.

2XWVLGH�EXLOGLQJV���GXDO�SLSH�WUDQVSRUW�V\VWHP.

The most important unit is the sediment chamber outside buildings with siphon action. The
principal unit construction is shown in the figure 3.

([DPSOH�

This unit can be designed by the following design figures;

Waste water and sludge calculations;

Following estimated figures are used (Swedish figures) as a basic design;

Each person consume 70 000 litre water pro year.
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Each person produce 9,6 litre sludge pro week.

Each person supplies about 60 litre/24 hours to the sediment tank in the reactor

building, which gives about 16% sludge contents which is transported by pressure
pumps from the siphon tank.

Each person supplies 195 l/d waste water to the siphon tank.

Connected apartments to one siphon tank are about 15 which correspond to 35 persons to one
siphon tank.

6LSKRQ�WDQN
The siphon tank is divided into two chambers one for waste water and one for sludge. The
volume for waste water is 1/3 and for the sludge 2/3.

In the siphon tank the sludge is separated from the waste water in an early stage and before it is
transported to the treatment plant.

The transport of waste water will be done by siphon action and the transport of sludge will be
done by pressure pumps or by vacuum. These both alternatives give different possibilities to
construct the system, which must be considered.

The inlet flow rate to the siphon tank balances the outflow rate.

The mean value flow rate for 35 persons will be 0,11 l/s.

Maximum flow rate in the morning is = 0,20 l/s (one hour)

Maximum flow rate in the evening is = 0,24 l/s.(one hour)

The volume of the siphon tank is under the max. hour = 864 litre. This value is

recommended to be 1000 litre. The safety value is 2 and the tank volume will be 2 m3

The volume of waste water is 700 litre and the volume for the sludge is 1300 litre.

The interval between the emptying periods is controlled by a level registration as for example the
siphon unit. For the sludge-emptying it can be once a time each hour, except under the max.
time. The emptying will be controlled by a max. signal unit.

The working time for the pressure pump or vacuum is controlled by the capacity value on the
pump, as a level registration.

The tank can be made by plastic or concrete material. Actual law (EU-standard) shall be
followed by loading value

The emptying capacity from the tank is 1,4 l/s in this case but has to be calculated by a consult
engineer.

The construction of the tank shall take in consideration that the sludge slips away towards the
middle of the tank where the pump is located. The principal idea for Nolson System presumes
intermittent emptying of a given water volume.
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This indicates that you must work out from a hydraulic height [H] with a lowest starting flow
rate. The principle also indicates to find an acceptable breaking level [h2]. To find a good effect
of settling down the sludge chooses a water volume between the maximal starting point [HÖ]
and the minimal level for the breaking point [h2]. This also dependens of the tank diameter. The
principal figure se fig 3.

Intermittent emptying takes place when the maximal volume is attained. The emptying time [t]
may be as short as possible but balance to the pipe dimension, where the filling degree is 4/5 of
the pipe diameters. The probability flow rate under the max.- hour /day is t min./60 min. = @.

The construction of the siphon tank gives a max. mean flow rate at [h1/2] and a max. flow rate at
the level [HÖ]. This process gives the need of a short emptying time [t], about 2 minutes pro
each time, which gives a longer interval between the emptying time and a harmonious settle
down of the sludge in the incoming waste water. The high flow rate out from the tank cleans the
pipe between the siphon tanks. Research and  development has been done in a chamber with
diameter of 64 cm with different types of siphon units. The final solution is shown in the figure
4.

The siphon construction is provided with two inlet pipes one opening under the outlet pipe and
the other given a chosen high over the outlet pipe.

The outlet of this pipe is provided with an air clock in order to break the function of the siphon.
Two inlet pipes make it easier to use a lower starting flow rate, down to 0,1 l/s.

6(77/(0(17�&+$0%(5� �IRU� WKLFNHQLQJ� RI� VOXGJH� EHIRUH� LW� JRHV� WR� WKH
UHDFWRU�.

Construction of the settlement chamber has to consider that the volume is at least one weeks
flow rate from the siphonic chambers. The settlement chamber reduces also waste water from the
sludge. This volume is estimated to 50 litre/person and week (1750 litre in the example).

The remaining sludge will be 10 litres/p d and for the whole week 10 x 35 Pe = 350 litre pro
sediment tank.

Maximal volume in the tank is 5 000 litres, which correspond to 15 connected siphon tanks or 15
x 35 Pe = 525 Pe.

Standard sizes of the tanks are 3 m3, 4 m3 and 5 m3.

The tank construction shall take in consideration the air inlet but not the outlet.

When the tank fills up again the air in the tank has to go through the filter unit.

A minimum amount of air shall be allowed to get into the tank in order to give the possibility to
start a tretment process.  A principal figure se fig.3.

,1),/75$7,21�&+$0%(5�
The outlet flow rate from the tickening tank is calculated with 50 l/pd. This corresponds under
the max-period (one hour) to a flow rate of 50 l x 525 Pe = 26 250 litre waste water.That means
the filter shall have a capacity of 0,4 l/s /m2.
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The construction shall take in consideration the air inlet and outlet.

The construction shall be tight and no odour is allowed.

The two filters shall be easy to remove for cleansing and closing valve is required. Principe see
figure 5.

Using a small-bore dual-pipe system for waste water and sludge transport give these benefits;

* Diameter dimensioned to meet actual on-site requirements.

 Sludge and waste water are kept separate from start.

* Waste water transport is achieved by syphonic action.

* Sludge transport is achieved by pressure or vacuum system.

NOLSON syphonic technology means a shallower trench depth, and a flatter pipe slop. It
transports the waste water at a low flow rate to a nearby settlement (sedimenting) chamber.
Separating sludge from waste water near their origin keeps solid particles out of the waste water
solution.

5HVXOW�RI�D�FDVH�VWXGLHV�
The using of kitchen grinders increases the quantity of sludge with 50% without causing any
problems in the drainage system.

These grinders have now been used for 9 years and are still working satisfactory. (Example se
point 7 in fig. 2.).

The sediment chambers have a very good settlemented effect and give between 5 - 10% of SS.

Small Bore Systems have been used in many years in the world without any problems.

The Biogas reactor (see point 5 in fig 2.) runs with one to five m3 sludge continuos by each
week.

The value of BOD 7 on the inlet sludge is reduced with between 80 - 95%.

Phosphor and Nitrate are still in the composted material, consequently it converts to fertilizer
after having been thickened with peat litter and post-composted.

The costs for the system are shown in figure 6 as an estimated cost in Swedish Crone.

The suggested infiltration unit is shown in figure 7 from a project in Komstad By (25
households).
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0DUWLQ�6KRXOHU�%6F��06F�DQG�)LRQD�7KRPDV�%(QJ

([HFXWLYH�VXPPDU\

BRE have been commissioned by a UK water supply company, Essex & Suffolk Water, to
develop and assess a water efficient specification for new housing suitable for use in the UK.
Other partners in the project include the housing association on whose behalf the houses
were built, Moat Housing, the British Bathroom Council, and the UK’s Environment Agency.

The objectives of the project are to:
i) investigate the practicalities of specifying and installing a range or water efficiency

measures,
ii) evaluate the reduction in water consumption from their use, and
iii) determine user reaction to the measures.

The paper contains information on the following issues:
• identification of a suitable host housing association organisation and development site,
• development of a performance specification for water efficiency measures,
• selection, installation and commissioning of the water efficiency measures,
• installation and commissioning of meters,
• tenant information and feedback,
• publicity,
• the flow signature monitoring equipment, and
• lessons learnt to date.
 
 Water efficient measures, appropriate for use in a new housing association development,
were selected by agreement between BRE, Essex & Suffolk Water, and Moat Housing
Group. The measures consisted of:
• water efficient showers,
• low volume flush WCs,
• low flowrate taps,
• greywater systems, and
• water butts.

The paper gives initial findings from the research which continues until October 2000.
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��� %DFNJURXQG

Water conservation is important in the UK as demand for water has increased and shortfalls
in supply have occurred. There is growing public awareness of the scarcity of water in some
areas of the UK and of its economic value. This project identifies and evaluates demand
management techniques appropriate for installation in new build social housing schemes.

Domestic use accounts for a high percentage of water, approximately 17,250 million litre of
water each day (64%), see figure 1, which is broken down as shown in figure 2. Hence,
there are opportunities for reducing water consumption within the home using efficient
water-using appliances and technologies.
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Figure 1. Uses of abstracted public water supplies in the UK
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External use
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Luxury appliances
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WC flushing
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Bathing and 
showering
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machine
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Note:
1. There is considerable variation in water-use between household size, socio-economic
group and from region to region.
2. External use includes water used for gardening and car washing.

Figure 2. Typical household water-use in the UK

��� 5HVHDUFK�3URJUDPPH�SURJUHVV

The paper gives initial finding of a water efficient housing project commissioned by Essex &
Suffolk Water. The objectives are to:
i) investigate the practical issues related to specifying and installing a range of water

efficiency measures,
ii) evaluate any reduction in water consumption resulting from their use, and
iii) determine user reaction to the measures.

The paper contains information on the following issues:
• identification of a suitable host housing association organisation and development site,
• development of a performance specification for water efficiency measures,
• selection, installation, and commissioning of the water efficiency measures,
• installation and commissioning of meters,
• tenant information and feedback,
• publicity,
• the flow signature monitoring equipment, and
• lessons learnt to date.

The first stage of the project consisted of a scoping study to investigate the feasibility of
undertaking a water efficient housing scheme and the second, and current phase 2, is the
monitoring part of the study given in section 2.4 to 2.8.
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��� 'HYHORSPHQW�RI�SHUIRUPDQFH�VSHFLILFDWLRQ

Following discussions with Moat Housing Group (MHG) and Essex & Suffolk Water, a
performance specification for water-using appliances was developed based on current best
practice with regard to demand management techniques, see tables 1a and 1b. It was
important that products conforming to the specification were available commercially.
However, some difficulty was experienced, by the plumbing sub-contractor, in identifying
suitable products. This is discussed in section 3.1.

7DEOH��D���:DWHU�HIILFLHQW�VSHFLILFDWLRQ

Shower Maximum flowrate less than 10 litre/minute
Bath 150 litre to overflow
WC Nominal flush of 6 litre or less

Dual flush systems
Tap Basin taps, flowrate less than 5 litre/minute
Water butt With a closed fitting lid
Greywater system Recycles water from bath, shower and basin for WC flushing
Garden hose If installed, must be trigger operated

7DEOH��E���6WDQGDUG�VSHFLILFDWLRQ�IRU�ZDWHU�XVLQJ�DSSOLDQFHV

Shower Not installed
Bath 180 litre to overflow (rinse shower attachment)
WC Nominal flush of 7.5 litre
Tap Basin taps, flowrate 10 litre/minute
Water butt Not installed
Greywater system Not installed
Garden hose Outside tap fitted, no hose

In agreeing the performance specification, Moat (host housing association) wished to
ensure that there would not be any significant maintenance and cost implications. The
greywater units installed have an annual energy cost for pumping of about UK£5 and a cost
for the soluble disinfecting tablets of UK£10 annually, as given by the manufacturer’s data.
The costs were acceptable to Plume and are borne by the tenants.

��� ,GHQWLILFDWLRQ�RI�VXLWDEOH�VLWH�DQG�KRVW�RUJDQLVDWLRQ

Following consultation with members of the BRE Housing Group, MHG was identified as a
suitable host for this project together with Plume Housing Association, an associate member
of MHG. MHG provides its member associates with strategic direction and group wide
services including housing development.

Plume Housing Association, based in Heybridge, Essex, UK, has a stock of over 2,000
homes and is expanding through MHG, with a number of new developments in the region.
The site at Holloway Road, Heybridge, Essex, UK  was identified by BRE as being suitable
for the project and consists of a mixture of two, three, and four bedroom homes, totalling 37
for rent. These consisted of the following types of houses.

:DWHU�HIILFLHQW�KRXVHV
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There are 12 houses with water efficient appliances installed, and with each water-using
appliance metered. These consist of 4 two bedroom houses, 7 three bedroom houses and a
four bedroom house.

&RQWURO KRXVHV

There are 12 houses with standard water-using appliances installed, and with each water-
using appliance metered. These consist of 4 two bedroom houses, 7 three bedroom houses
and a four bedroom house.

*UH\ZDWHU�KRXVHV

There are 3 houses with a greywater system and standard water-using appliances installed.
The WCs and the greywater top-up water supply are metered. They consist of 2 three
bedroom houses and a four bedroom house.

2XWOLQH�KRXVHV

There are 10 houses with standard water-using appliances installed, and with the incoming
water metered by the revenue meter only. These consist of 3 two bedroom houses, and 7
three bedroom houses.

Construction work was scheduled to start in February 1997 and completion by November
1997. However, the timetable was revised and construction started in January of 1998 and 8
houses were occupied by tenants on 20 July 1998.

��� 6HOHFWLRQ�DQG�LQVWDOODWLRQ�RI�ZDWHU�HIILFLHQF\�PHDVXUHV

����� 6HOHFWLRQ

The construction contractor and sub-contractor were responsible for the selection of
products to meet BRE’s water efficiency performance specified. Also, the water efficient
measures specified included MHG’s requirements, including installing:
i) WC cisterns that are close-coupled, and
ii) baths that are made of enamelled steel with a non-slip base.

����� ,QVWDOODWLRQ

Some difficulties were experienced during the installation of the water butts. Although the
installation of water butts appears to be a simple operation they could be installed only at
one house which had suitable design of rainwater system. In the remaining installations
remedial action has been established to alleviate the problem, for example, by using
rainwater diverters.

Since showers were specified as water efficiency measures (compared with the provision of
a bath) partially tiled walls above the baths were required.

No other installation problems were identified.

����� &RPPLVVLRQLQJ

Some WCs had been incorrectly set at a higher volume than required. Care is required
when setting water levels for appliances.
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��� ,QVWDOODWLRQ�DQG�FRPPLVVLRQLQJ�RI�ZDWHU�PHWHUV

����� ,QVWDOODWLRQ

There are four different levels of monitoring used in the project, defined as:

:DWHU�HIILFLHQW�KRXVHV
Houses with water efficient appliances installed, and with each water-using appliance
metered.
&RQWURO KRXVHV
Houses with standard water-using appliances installed, and with each appliance metered.
*UH\ZDWHU�KRXVHV
Houses with a greywater system installed, and with the WCs and the greywater top-up water
supply metered.
2XWOLQH�KRXVHV
Houses with standard water-using appliances installed, and with the incoming water
metered by the revenue meter only.
Meters were installed by BRE in all test, control, and greywater houses. Meters were
installed to allow the use of all appliances to be recorded.

Pulsed outputs from meters are relayed to readouts by a concealed cable to an external and
lockable meter box at the front of each property. This removed the need to enter properties
to record meter readings.

��� 7HQDQW�LQIRUPDWLRQ�DQG�IHHGEDFN

Tenant feedback is an important aspect of the project and it is essential that tenants are
informed fully of the research project that is being undertaken. BRE has produced
information sheets on the project for inclusion in the tenant information packs provided by
Plume to all its tenants. All houses received general information on the project together with
information on water saving in the home and garden provided by Essex & Suffolk Water. An
additional information sheet was provided for the tenants in the test and greywater houses
giving details of the water efficiency measures installed and their correct operation. In
addition, information was provided on the efficient use of water for gardening.

Tenant information has three functions, to:
i) explain the background to the purpose of the project and alleviate any concerns over the

monitoring,
ii) explain the presence of different fittings in the different houses, and
iii) help to ensure the co-operation of tenants throughout the project.

��� 3XEOLF�UHODWLRQV

BRE has co-ordinated a public relations programme for the project through its press office,
resulting in coverage in national and regional newspapers, as well as, trade and
professional papers and journals.

��� )ORZ�VLJQDWXUH�PRQLWRULQJ

Flow signature monitoring has been trialed during the project to determine the
appropriateness for determining water usage patterns for typical UK cistern fed systems.
The system has been used successfully in the USA, where systems are fed from the water
supply main.
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The flow signature flow monitoring system has three main components:
i) water meter (turbine type),
ii) datalogger with an interface for monitoring the output from the water meter; the

datalogger converts the pulse output from the water meter into volumetric water use
every 10 second, and

iii) Trace Wizard software, which is a software package, to analyse the flow data recorded
by the datalogger and assign a water-using event to a flow signature characteristic
determined by flowrate and duration.

The Trace Wizard has a library of water-using appliances and flow characteristics. By
comparing the library of characteristics with the observed flow patterns, the software can
assign water-using events. However, the system has been developed with mains water
supplied appliances and is not entirely suitable for use in the UK, but with suitable empirical
evidence the system may be developed on typical UK water systems, ie low pressure cistern
fed systems.

����� /LPLWDWLRQV

������� )ORZ�DWWHQXDWLRQ

The flow signature monitoring system works most effectively when there is no time delay
between drawn water and the water meters registering the flow, ie systems supplied directly
from the water main. Typical UK systems are cistern fed and, therefore, the characteristics
of the water using appliances are not directly registered by the flow meter.

��������6LPXOWDQHRXV�XVDJH

Simultaneous usage occurs when water flows from more than one appliances, eg whilst
running a bath, a WC is flushed. The software must resolve and identify these events; the
flow meter registers an increased flow for the simultaneous flow of these events.
Identification is possible in the case of mains water supply fed systems. However, with
typical UK systems all appliances except the kitchen tap and the kitchen appliances are fed
from a cold water storage cistern, often in the roof space.

The use of the signature flow monitoring system in this project has been partially successful.
The system can resolve and identify, most of the individual water using appliances, ie
kitchen taps, baths, showers, washing machines, basin taps and WCs. At present,
simultaneous usage of appliances cannot be resolved for UK water systems.

Modification to the system, such as, the use of larger capacity float operated valves and
cisterns with larger down services would reduce flow attenuation due to the cold water
storage cistern and make the successful use of the Trace Wizard software possible.
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��� *5(<:$7(5�48$/,7<�021,725,1*

The three greywater houses (house numbers 14, 16, and 18) in the project are being
monitored for water quality issues.

����� 0LFURELRORJLFDO�WHVWV

Standard water microbiology tests have been carried out in accordance with Report 71(2),
and analytical quality control was carried out in accordance with the requirements of the
Water Supply (Water Quality) Regulations (3). The following parameters have been
determined:

• temperature (on-site determination),
• free chlorine (on-site determination),
• total chlorine (on-site determination),
• combined chlorine (calculated),
• pH,
• turbidity,
• biological oxygen demand (BOD), and
• chemical oxygen demand (COD).
• coliforms,
• total E.coli,
• Total Viable Count (TVC) at 37°C,
• Total Viable Count (TVC) at 22°C,
• Salmonella (not speciated),
• Faecal streptococci,
• Specific bacteriophages,
• Clostridium,
• Aeromonas species, and
• Legionella species.

 
 ������3URFHGXUHV�IRU�JUH\ZDWHU�VDPSOLQJ
 
 The water samples have been taken at three places in the greywater system:

• collection tank (installed below ground),
• header cistern in the roof space, and
• WC cistern,

and, also, from the cold water cistern and the kitchen tap, ie directly from the water main’s
drinking water supply. Water samples have been taken from the same position each time
using ‘aseptic’ procedures.

Due to specific site requirements, the following procedure has been carried out:

At the three greywater sites, the volumes of water and the order in which sample bottles
will be filled at each sampling location are:
a) a 500 ml sterile bacteriology bottle with thiosulphate for Coliforms, E.coli, TVC and

Aeromonas species,
b) two 500 ml sterile bacteriology bottle with thiosulphate for Salmonella species,
c) a 500 ml sterile bacteriology bottle with thiosulphate for Legionella species, and
d) 1 litre bottle and a 500 ml bottle for pH, chlorine, turbidity, BOD and COD.

Note: a sterile dip tube, to reduce the potential of disturbing surface films, has been used,
as appropriate.
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��� ,GHQWLILFDWLRQ�RI�SURGXFWV

i) Water-usage information is not provided always by manufacturers in general product
information. This makes the selection of suitable products difficult.

 
ii) A list of products conforming to a water efficiency specification could be produced

without prejudice for distribution to specifiers.
 
iii) The construction contractor and plumbing sub-contractor had difficulty in sourcing and

obtaining products to meet the agreed water efficient specification. Guidance on the
selection and installation of water efficient measures is required to inform specifiers.

��� ,QVWDOODWLRQ�RI�ZDWHU�EXWWV

Initially, a number of water butts could not be installed due to the lack of, or appropriate
location of, rainwater pipes. This problem could be eliminated in other new housing
developments by appropriate design of the rainwater system, ie surface water drain
positioning.

� ',6&866,216�$1'�&21&/86,216

A BRE water efficient product specification has been developed, following discussions with
Moat Housing Group, and Essex & Suffolk Water for current best practice in the UK without
requiring a significant change in lifestyle for tenants. However, initially, there were some
difficulties in identifying suitable products by the plumbing contractor. Assistance in the
selection of products could be by the production of a directory of products, which would
contain the water-usage volumes of products, which could be distributed without prejudice to
specifiers and suppliers.

In order that the occupants have an understanding of the objectives of the project, general
information was presented to each tenant and specific information was given to the tenants
in the test and greywater houses, identifying the water efficient measures which were
installed.

The project is partially complete and results will be discussed at the CIB W62 2000
Symposium in Brazil.

� 5()(5(1&(6
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3UHVVXUH�WR�FRQVHUYDWLRQ�UHJLRQ�WKURXJK�GHYHORSPHQW�QHHG�RI�KRXVLQJ�DUHD�LQ�WKH�ODVW
WZR�GHFDGHV�WHQGV�WR�LQFUHDVH�FRQWLQXRXVO\��%HVLGH�WKDW��WKH�XVH�RI�JURXQG�ZDWHU�LQ�WKH
ZRUNLQJ�UHJLRQ�RQ�XUEDQ�DUHD�LV�YHU\�GLIILFXOW�WR�EH�FRQWUROOHG�E\�JRYHUQPHQW��VR�WKDW�
WKH� FRQGLWLRQ� FDQ� GLVWXUE� D� QDWXUDO� ZDWHU� EDODQFH� LQ� WKH� KXPDQ� VHWWOHPHQWV�� � 7KH
SUREOHP�KDV�FDXVHG�WKH�VXSSO\�WR�VWHDG\�IORZ�RI�VWUHDP�IORZ�LQ�GU\�VHDVRQ�GHFUHDVH�DQG
VWUHDP�IORZ�IUHTXHQFLHV�RI�IORRG�VHDVRQ�WHQG�WR�LQFUHDVH�VLJQLILFDQWO\�
,QFUHDVLQJ�RI�UXQ�RII�LQ�XUEDQ�DQG�UXUDO�DUHD��LQGXVWULDO�UHJLRQ��UHDO�HVWDWH��UHVRUW�DQG
RWKHU� UHJLRQ� FDQ� FDXVH� IORRG� GLVWXUEDQFH� WR� SURGXFWLRQ� DFWLYLW\�� VRFLDO� FRQIOLFW� DQG
RWKHU�QHJDWLYH�LPSDFW�

3KHQRPHQDO�FKDQJH�RI�ZDWHU�EDODQFH�LV�WKH�UDLQIDOO�GLUHFWO\�IORZ�IDVW�WR�WKH�SODLQ��WKHQ
XVHOHVVO\�IORZ�WR�RFHDQ��,Q�WKDW�FDVH��ZDWHU�FDQ�QRW�EH�XVHG�E\�KXPDQ�DQG�VWHDG\�IORZ�RI
WKH�ULYHU�GHFUHDVH�DW�GU\�VHDVRQ��7KHUHIRUH�WKH�IXQFWLRQ�RI�K\GURORJLFDO�VSDFH��UXQ�RII
FRHIILFLHQW�� VKRXOG� EH� FRQWUROOHG�� 7KH� FRQWUROOLQJ� LV� UHDOO\� XVHIXO� WR�� �D�� NHHS
VXVWDLQDEOH�RI�VWDELOLW\�RI�VWHDG\�IORZ��E\�UHKDELOLWDWLQJ�DQG�UDLVLQJ�HFRORJLFDO�TXDOLW\
RI�K\GURORJLFDO�VSDFH����E��NHHS�QDWXUDO�ZDWHU�EDODQFH�LQ�K\GURORJLFDO�VSDFH��WKURXJK
UHKDELOLWDWLRQ�ZDWHU�EDODQFH�WHFKQRORJ\��
.H\� ZRUG�� VXVWDLQDEOH� RI� VWHDG\� IORZ�� ODQGVFDSH� FRQWUROOLQJ�� FRQVHUYDWLRQ� UHJLRQ�
ZRUNLQJ�UHJLRQ��FRQVHUYDWLRQ�WHFKQRORJ\�LQ�KRXVLQJ�DUHD�

,1752'8&7,21

The regional government policy develops the industrial estate, housing area, tourism
and soon in the human settlements has already caused the decreasing of hydrological
space, which has disturbed natural water balance. For example, it can see in Bandung,
Bogor, and plateau area of Puncak and Cianjur West Java.

In the other hand, raw water exploitation increase continuously and tends to obey the
determinations concerning the technical guidance of hydrological space quality of that
area, in order to sustainable of raw water (base flow in the space and time) will disturb,
that mean, will be flood in rain season and less water in dry season.
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Base flow stability is water, which is fallen by rainwater plus ground water. Existence
and sustaining of steady flow stability in the river body and watershed (hydrological
space) can be explained with the following hydrology environmental model in Figure 1.

Rain fall The Hydrological Ground water Steady flow
Space quality surface stability

Random Topography, Shallow ground Random
variable morphology, stone water variable

and land use Deep ground water
,1387 352&(66 287387

)LJXUH���
The diagram of Existence and sustaining of steady flow stability

Steady flow stability depends on rainfall variable, hydrological space quality.  They
very affect to the natural water balance (infiltration and surface water run-off) in the
water shed area.  Infiltration rate in the ground at raining time will affect to infiltrate the
ground water (ground water level), and then, they are going to warranty to steady flow
stability, especially in the dry season.

5(6($5&+�5(68/7

�����*HQHUDO�(TXDWLRQ�DQG�'HWHUPLQDWLRQ�RI�&RHIILFLHQW�5XQ�RII

To know the relation between rainfall, ground water, land use, and hydrological space
quality, both of naturally and actually conditions of the natural water balance in a region
can be expressed with the mathematics regression linear and non-linear.  The
mathematics linear, which describes between rainfall and water debit is expressed on
Equation 1.

Q  = C (PA) + b - Et (A) ....................................................................................     ( 1 )

Legend:

Q  =  Minimum rate of river
         Calculated by the distribution method of Gumbel Type III or Pearson Type III.
C  =  Run-off coefficient (naturally and actually conditions)

To determine the C natural and C actual has to make a scoring on the affect
factors, namely: rain fall, geology (kinds of stone & soil), land use and slope of
overland (see Table 1.).  Then can make a statistic mathematics equation.

P = Rain intensity, can use the method of arithmetic, Mononbe or Thiessen.
A =  Catchment area, can be determined with the overlapping map manually or GIS.
E t =  Evapotranspiration, can be determined with the Penman Formulae
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7DEOH���
Scoring of geology, slope overland, rainfall based on run-off coefficient

& 6 6 6 6
R *HRORJ\ F 6ORSH�RI F 5DLQIDOO F .LQGV�RI F
G ��.LQGV�RI�VWRQH�	�VRLO�� R 2YHUODQG R ��PP�\HDU�� R /DQG�XVH R
H U ����� U U U

H H H H

1. Cibeureum Formation 0,03 0 - 3 0,02 1,000 - 1,500 0,02 Forest 0,02
2. The result of young Wood and

mountain fire 0,06 3 - 8 0,05 1,501 - 2,000 0,05 garden 0,05
3. Cikidang Formation 0,37 8 - 15 0,20 2,001 - 2,500 0,20 Dry land 0,20
4. Cikapundung Formation 0,49 15 - 25 0,30 2,501 - 3,000 0,30 Agriculture 0,30
5. Kosambi Formation 0,58 25 - 40 0,50 3,001 - 3,500 0,50 Rice land 0,50
6. The result of old Developed

mountain fire and 0,80 > 40 0,80 3,501 - 4,000 0,80 region 0,80
tertiary sediment

Source:  Data analysis of research result in Bandung region (field research, 1998)

The result of coefficient run-off C based on naturally condition is value of regression
coefficient each other variable respectively: geology, slope overland, rainfall are the
same, namely 0.333.  Equation regression for coefficient run-off C based on naturally
condition.

Y  =  0.333 X1 + 0.333 X2 + 0.333 X3  - 1.249 * 10-5   ............................................  ( 2 )

Legend:  Y      =  C indicator ( land use range )
     X1    =  Geology condition range
     X2    =  Slope overland range
     X3    =  Rainfall range

By inserting the scoring to the overlaying map yield (geology, land use, slope overland
and rainfall map) can be known the value of C region and its square ( see Table 2. ).

7DEOH����
Region category based on naturally C score in Bandung

5HJLRQ�ZLWK 6TXDUH 3HUFHQWDJH 0LQLPXP 0D[LPXP
DFWXDO�&�VFRUH ��P��� ����� &�DFWXDO &�DFWXDO

Little   58,058,537.28 20.58 0.0023 0.1333
More little 769,627,676.91 34.58 0.1334 0.2667

Middle 662,128,599.72 29.75 0.2668 0.4001
Big 251,692,616.30 11.31 0.4002 0.5335

Bigger 83,958,404.00  3.77 0.5336 0.6669
Biggest --- --- 0.6670 0.8000
Total 2,225,465,834.21 100.00 0.1957 0.3242

Source:  Data analysis of research result in Bandung region ( field research, 1998 ).
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Next result is coefficient run-off C based on actually condition is valuing of regression
coefficient each other variable respectively: geology, slope overland, rainfall and land
use.  Equation 3 is regression for coefficient run-off C based on actually condition.

Y  =  0.4192 X1 + 0.4192 X2 + 0.3789 X3  + 0.3506 X4 + 0.0215   ..........................  ( 3 )

Legend:  Y      =  C indicator ( land use range )
     X1    =  Geology condition range
     X2    =  Slope overland range
     X3    =  Rainfall range
     X4    =  Land use

By inserting the scoring to the overlaying map yield (geology, land use, slope overland
and rainfall map) can be known the value of C region and its square ( see Table 3. ).

7DEOH����
Region category based on naturally C score in Bandung

5HJLRQ�ZLWK 6TXDUH 3HUFHQWDJH 0LQLPXP 0D[LPXP
DFWXDO�&�VFRUH ��P��� ����� &�DFWXDO &�DFWXDO

Little 194,979,118.71   8.76 0.0023 0.1333
More little 939,911,239.86 42.23 0.1334 0.2667

Middle 825,119,030.94 37.08 0.2668 0.4001
Big 252,234,924.40 11.33 0.4002 0.5335

Bigger   13,221,520.30 0.5336 0.6669
Biggest --- --- 0.6670 0.8000
Total 2,225,465,834.21 100.00 0.2040 0.3371

Source:  Data analysis of research result in Bandung region ( field research, 1998 ).

By comparing naturally condition Table 2. and actually condition Table 3.  can be got
the hydrological condition of the region.
The following category of hydrological condition is completely:

• Good, if the actual C value < the natural C value
• Normal, if the actual C value = the natural C value
• Critical start, if the actual C value > the natural C value
• Little bit Critical, if the actual C value > 2 x the natural C value
• Critical, if the actual C value > 3 x the natural C value
• Very critical, if the actual C value > 4 x natural C value

Table 4.  has seen the hydrological condition in Bandung area.
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7DEOH����
The category of Bandung Hydrological Condition

5HJLRQ�ZLWK 6TXDUH 3HUFHQWDJH
K\GURORJLFDO�FDWHJRU\ ��P��� �����

Good    313,993,513.04 14.11
Normal 1,384,101,614.74 62.19
Critical start   525,804,084.93 23.63
Little bit Critical       1,566,621.50 0.07

T o t a l 2,225,465,834.21 100.00
Source:  Data analysis of research result in Bandung region ( field research, 1998 ).

�����7HFKQRORJ\�WR�&RQWURO�WKH�6WHDG\�)ORZ�6WDELOLW\�LQ�WKH�+\GURORJLFDO�6SDFH

The technically controls the steady flow stability needed to help the infiltration of the
overland flow into the land as a shallow ground water and deep ground water.  In other
to naturally condition can be got, and if it’s impossible can be increase properly. More
and more critical of land condition will be higher the priority of using the technology
for controlling the based flow stability.

The Technical alternatives that can be used to manage the steady flow are:

1. Good category region (if the actual C value < the natural C value) uses the
vegetative method, mechanical method and law enforcement.

2. Normal category region (if the actual C value = the natural C value) uses the
technical method (rainwater infiltration vertical fit, rainwater infiltration horizontal
fit, porous drainage) and law enforcement.

3. Developed region relatively (critical start little bit critical) uses the human
resettlement/layout, vegetative method, combination and law enforcement.

4. Has developed region (critical until very critical) uses (rainwater infiltration vertical
fit, rainwater infiltration horizontal fit, porous drainage) and law enforcement.

To support the method of steady flow stability is still needed the following conditions:

1. To make law enforcement and good policy of the water resources (using the
technical standard or standard procedure to develop the conservation area and
working region).

2. To build the institution which works good quality of human resources for
monitoring, supervision and implementation of law enforcement continuously).

3. To establish and involve the community participation in other to ready does
surrounding land conservation, so that the land can be to infiltrate the overland flow
into the ground.

4. To increase recharge/infiltrate rainwater into the ground through the rainwater
infiltration vertical or fit, porous drainage, and vegetative technically).
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�����&RPSXWHU�6RIWZDUH

Making the steady flow stability computer software used Visual Basic and Access. The
following is step by step the software program:

1. To definite some table, namely: scoring, data sample, and controlling method.  To
translate some formulae, namely: statistic mathematics for natural coefficient C and
actual coefficient C.

2. To make some form, namely: list data form, editing data form, calculation
coefficient form, and son.

3. To determine value of  X1, X2, X3, and X4 in the scoring table.  The value of X1,
until X4 are scoring value between  o until  1.  For instant:

• Cibeureum formation, have score  0,03.
• Slope overland between ( 0 - 3 ) % have score  0.02.]
• Rain intensity between  1,000 - 1,500 mm/year have score  0.02.
• And land use ( forest ) have score  0.02, etc.

Step by step in using the program, namely:

1. Highlight the name of the program  ³�$/,5$1�0$17$3�³�

2. Initial performance will appearance on the monitor computer.  It gives name with  ³
3,/,+$1� 3(1*(5-$$1� ³�  Please choosing the order number is needed,

namely:
• 0HQJLVL�GDWD�NDZDVDQ�( filling the region data )
• 0HQJHGLW�UHFRUG�GDWD�NDZDVDQ�( editing the region record data )
• 0HQJKLWXQJ�NRHILVLHQ�OLPSDVDQ�( calculating the coefficient run-off )
• .HVLPSXODQ�KDVLO�SHUKLWXQJDQ�(conclusion of calculation result )
• 0HQJKLWXQJ�UHFRUG�GDWD�NDZDVDQ�( calculating the region record data )
• 6HOHVDL��( stop )

3. ,1387�'$7$�.$:$6$1� ( region data input ), namely:
• 1DPD�NDZDVDQ�( name of region )
• -HQLV�WDQDK�EDWXDQ�( kinds of soil and stone )
• .HPLULQJDQ�ODKDQ�( slope overland )
• &XUDK�KXMDQ�SHU�WDKXQ�( rain intensity per year )
• 7DWD�JXQD�ODKDQ�( land use )
• .HWHUDQJDQ���( legend )

4. 3(5+,781*$1�.2(),6,(1�/,03$6$1� ( calculation of run-off coefficient )
• 1DPD�NDZDVDQ�( name of region )
• &�DODPL�GDQ�DNWXDO�( C natural and C actual  )
• 0HWRGD�SHQJHQGDOLDQ�( controlling method )
• .HVLPSXODQ�( conclusion )
• .HWHUDQJDQ���( legend )
• .HPEDOL�( back )
• &HWDN ( print )
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$EVWUDFW

Water shortage had become one of the most serious issues, which was concerned by
many countries of the world. It is estimated that more than two billions people have not
enough clean water to drink or use in this century. Even though, Taiwan is the most rich
rainy place which located in monsoon area of the earth, the characteristic is hot, rainy
and high humidity, water shortage also shake this island within these years. Just like
many other countries all over the world, we have to face the situation which to build a
new and huge dam is impossible or very difficult for Taiwan environment at present.
Then, to develop many little dam system into buildings or urban is an acceptable idea
for government and experts. That means we could formally lead the rainwater use
system into building design and housing plan. In this paper, we concern about the
situation of architect and designer with less engineering background and try to offer a
design concept and easy utility to fit to building design. We also arranged the database
of precipitation from 1985 to 1994 in Taiwan. Furthermore, we would propose a
computer program to help architect or designers to simulate the efficiency of rainwater
use and to help the decision making.

.H\ZRUGV

Rainwater use, Building design, Precipitation, Efficiency, Simulation, Assessment.

���,QWURGXFWLRQ

Fresh water shortage and pollution is becoming one of the most critical problems
all over the world at present. There is a comprehensive assessment of the freshwater
resources of the world from United National Organization in 1997, which pointed out
the fresh water demand grow up by twice speed of population growth. It is very possible
that two third of the population in the world have the problem of water shortage, and
might also cause the crisis of public hygiene and staple food supply in this century. In
order to supply good quality and sufficient fresh water for all people, the Agenda 21 in
the global summit meeting hold in 1992 had a guiding principle in the issues of water
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resource[1]. Many organization and conference concerning water resource policy and
issues have a common consensus and warn that water shortage might cause the war in
this century. Actually, there are also many discords about water supply in this period in
Taiwan. Because of the environmental problems, to build new dam is no longer the
acceptable solution for water shortage.

In the previous study, we got the conclusion that water savings are not only for water
conservation but also for reducing the energy consumption [6]. Taiwan is located in the
Asia monsoon area and has rich rainy water. The average amount of yearly precipitation
is about 2,500 mm. But water shortage is still becoming the most critical problem in a
dry season during the past few years. Such an issue is mainly from the unevenly
distribution of torrential rain, steep hillside, rivers of short duration. On the other hand,
a great demand of domestic water use in municipal area and the difficulty of building
new reservoirs are also the critical reasons. The government departments are making
efforts to spread the concept of water-wise to the public. The achievements of water-
efficiency are excellent in industrial and commercial enterprises. However, the efforts
achieved from the public are extremely poor. Following the development of global
environmental common consensus and green building technology, we try to offer a
concept of miniature and dispersal dam in municipal area or buildings. That is rainwater
use system in building design. The issues of this paper included the method of design
system, database of rain water and quantification assessment model. All of these topics
are prepared for a building designer to follow and those results can also evoke a concept
of water-wise to the public.

����5DLQZDWHU�$QG�/RFDO�6LWXDWLRQ

According to the records of meteorological precipitation, there are average
2369mm per year for past ten years (1985~1994) in Taiwan. The precipitation of these
ten years in Taiwan is shown in figure 1. Although it is about 2.5 times of the world
average (about 970 mm/year), but there are only 4300 m3 for distributing to one person
per year. The quantity is the one sixth of the world average which is about 27000
m3/year/perason. Figure 2 shows this situation and that of Taiwan is similar to Japan.
On the other hand, the tap water consumption for daily life of people is largely
increasing for these years in Taiwan. Figure 3 shows the increasing tendency in Taipei
City from 1985 to 1994. Concerning the tap water consumption, table 1 shows the
distribution quantity and proportion of daily purpose [5]. We can see the water
consumption proportion for toilet, cleaning and others is totally above 24%. These
purposes of water consumption can consider to be replaced by gray water or rainwater.
If we consider the building function for school, hospital or other public buildings, the
substitution proportion would be higher than the housing.

The meteorological precipitation usually is not evenly distribution for everyday and
any place which was mentioned above. In order to consider the rainwater utilization, we
have to grasp the database of the meteorological precipitation. Figure 4 shows the
precipitation from 1985 to 1994 in 12 measurement points which dispersal in Taiwan.
This diagram indicates that the precipitation with large variety from the maximum of
above 5000 mm/year to the minimum of below 1000 mm/year. We focus on the
potential rainwater utilization in Taipei City. There is about 271.8 kilometer square and
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about 2641000 population. The precipitation is about 2400mm/year, then the total
rainwater for one year is about 6.52 hundred million ton. On the other hand, the tap
water supply is about 3.85 hundred million ton for one year from outside of this city.
That is to say theoretically the demand of water consumption can be covered by
rainwater in the area of this city. Figure 5 shows the potential diagram of rainwater
utilization for Taipei City. Actually, rainwater always becomes the burden of the city
drainage or treatment device. On other words, there are high potential of rainwater
utilization in Taipei City or many other place of Taiwan.

���&RQFHSW�2I�5DLQ�:DWHU�8VH�6\VWHP�,Q�%XLOGLQJ

There are many concepts of water-wise for building offered by experts and some
organizations. Those ideas could roughly separate into three subjects: the first is the
consciousness or habit of water user, the second is the promotion of water supply
equipment, and the third is the gray water system in building. Gray water system is
mainly a concept of water reuse system, and rainwater is usually treated as gray water.
A rainwater system would include collecting part, piping, treatment and storage device.
Rainwater has an acceptable quality in many ways of water usage except for drinking.
There are about 24% of the water usage in our daily livelihood consumed on the water
closet or other low qualification of water demand. We usually satisfy all demand of
daily water usage by potable water. If we replace the water used in water closet or other
low quality demand of water use by rainwater, then much water could be saved. Not
only the benefit of saving water, it could also reduce the damage of flooding[5]. That is
the consideration or concept of miniature and dispersal dam in municipal area or
buildings.

As the process or method of rainwater use system design, first of all, the designer
have to evaluate the quantity of rain water and usage demand. Then, the area of
rainwater collection device and volume of storage tank have been decided. Actuarially,
The calculation of rainwater quantity could be solved by a simple equation with
precipitation (mm) and area of collection device. But the precipitation is not equally in
any day and any location. Especially, there is concentrated rainwater in some season
and some locations. Therefore, the critical point of calculation is the estimation and
assessment of meteorological precipitation. Meteorological precipitation records
generally include yearly, monthly, daily and hourly precipitation. Yearly and monthly
precipitation is suit for roughly estimation and assessment in very initial stage. But for
its large inaccuracy, it can not be the accordance of decision making for the area of
rainwater collection device and volume of storage tank. Daily precipitation is records
for day by day, and usually adopted as the accordance of rainwater use assessment in
the past documents or practical cases. The hourly precipitation could theoretically be
more accurate accordance for assessment. But according to the increasing of parameters
and great deal of calculation data, that would largely raise complex process and the
calculation time. It is inefficient for beneficial result. Therefore, the daily precipitation
is adopted as the calculation accordance and we would work up an assessment system
for rainwater use system in building.
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��� &DOFXODWLRQ�0HWKRG �$QG�3URFHGXUH�2I�5DLQZDWHU�8VH�6\VWHP

First of all, we need to know the quantity of rainwater from collection and for
usage. According to the basic balance concept of input and output, it can be concluded
as four parameters to calculate the rainwater use system. Those are rainwater from
collection device and replenish from tap water system in the side for input, and the
others are consumption quantity for user and overflow from storage device. We can
indicate this concept as the diagram shown in figure 6[10]. According to the daily
precipitation database, at first, we must conform the location of design object (for
example: in Taipei) and the meteorological precipitation data for simulation object or
assessment as the calculation process of utilization quantity of rainwater. Then, we have
to decide the area of collection device, object character of water utilization as the
condition for simulation and assessment. We show the daily precipitation format of
Taipei City as an example for calculation in table 1. The calculation process is as the
following:

(1) The collection quantity (CRW) from daily precipitation (Rd) and collection
area(CA).

CRW(m3)=CA(m2)×Rd�mm/day)× γ×10- 3

(γ is the flow out coefficient, according to the character of collection location, it
is usually adopted 0.85-0.95 as general roof.)

(2) The overflow quantity (OFV) from collection quantity (CRW), volumes of storage
tank (SV) and remains quantity in storage tanks (RSV).

When  CRW+RSV>SV(m3),  then  OFV=CRW+RSV-SV

When  CRW+RSV<SV(m3),  then  OFV=0

(3) The first remains quantity in storage tank (RSV’) after above calculation.

When  CRW+RSV>SV, then  RSV’=SV

When  CRW+RSV<SV, then  RSV’=CRW+RSV

(4) The quantity replenish water (CW) from the remains quantity in storage tank (RSV’)
and consumption quantity for user (UW).

When  RSV’- UW<0, then  CW= -(RSV’-UW)

When  RSV’-UW>0, then  CW=0

(5) The second remains quantity in storage tank (RSV'') after above calculation.

When  RSV’-UW<0, then  RSV"=0

When  RSV’-UW>0, then  RSV"=RSV’-UW

(6) We adopt the second remains quantity in storage tank (RSV'') as the initial data of
RSV for next day's data to add up all parameters and yearly utilization by looping
calculation.

(7) According to the above add-up calculation, we can get the yearly rainwater
utilization quantity (YRU), yearly rainwater collection quantity (YRC) and yearly
consumption quantity (YTU).
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YRU=Σ (UW-CW)  
,  

YRC= ΣCRW 
, 
YTU=Σ UW

(8) The rainwater utilization rate (PRU%) and substitution rate of tap water (PCW%)
can be calculated as following:

PRU(%) = YRU÷YRC×100,  PCW(%) =YRU÷YTC×100

The above calculation procedure of rainwater assessment had been written into the
computer program, and we can get the simulation results very rapidly. The program
flowchart is shown in the figure 7.

��� &DVH�6WXG\�$QG�$QDO\VLV

According to the above procedure, we take a primary school building which adopt
the rainwater use system as an example to perform the simulation procedure and verify
assessment results. This building located in Taipei City with building area is 1260 (m2)
and total floor area 6960(m2), and it is a synthesis teaching building. We estimate 80%
of the building area could be roof, then the rainwater collection area is 1008 (m2). The
rainwater use as gray water for water closet, we set 20(m2) per day as utilization
condition and the flow out coefficient (γ) is 0.9. The database of meteorological
precipitation in 1992 Taipei was adopted. Storage tank for rainwater is an initial
condition for the start before the simulation procedure. We performed four conditions of
tank volume to simulate the utilization of rainwater, those are 15m3 ‘ 25m3 ‘ 50m3 ‘

100m3. Figure 8-11 show the results of simulation.

These diagrams indicate that the more large volume of storage tank the less volume
of overflow and the more utilization quantity of rainwater. When the storage tank is
equal to 50m3, the quantity of rainwater collection is very close to the utilization
quantity of rainwater. That means the adequate volume of storage tank is almost reached
in this condition. When the volume of storage tank is 100 m3, we can see that the
utilization rate is almost 100% and overflow quantity is near to 0. Although it is good
for the view of utilization, but it might take large space and be no good for planing of
space. Therefore, we must to consider the balance of all condition for design concept.
The building of this study case is six floors height, roof area is comparable small to total
floor area. The consumption in water closet is 7280 m3 per year, but the maximum
quantity of rainwater collection is 2136 m3 per year. That need quite a few replenish
from tap water system. This should be said that high-rise building would be less
efficiency in the rainwater use system. Contrary, the low height building (e.g. below
three floors) can be good efficiency of rainwater utilization and reduce the quantity of
replenish from tap water system.

Concerning the assessment of efficiency of rainwater storage tank, we can make
decision according to the utilization rate of rainwater and substitution rate of tap water.
Owing to the different yearly precipitation and rainfall distribution, the index would be
different. In order to analyze the difference of rainwater utilization and efficiency
assessment, figure 12 and figure 13 show the results of the same calculation procedure
as above mention. The simulation period is 10 years from 1985 to 1994 and with four
volumes of storage tank. As the results of this case simulation, when the volume of
rainwater tank is 50 m3, the utilization rate of rainwater can reach above 80% and about
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25% substitution of tap water. By this program and assessment procedure, the volume
of rainwater storage can be decided and rainwater use system can be performed in
building design.

��� &RQFOXVLRQ

We rise a concept that to develop little dam system into buildings or urban is an
acceptable idea for substitution of large dam and that can reduce the impact of
environment. According to the balance concept between input and output, we work up a
simulation procedure and assessment method for rainwater use system in building. That
included a calculation program and a meteorological precipitation database in Taiwan.
Concerning the decision of rainwater storage volume, we can evaluate the rainwater
utilization rate and substitution rate of tap water to help the decision making of system
design. Furthermore, we also find that low height building would have better efficient
for rainwater system than high-rise building. This research focuses on the simulation
and assessment of rainwater use system in building design. On the other hand, the issues
of rainwater quality and device for the water treatment or filter are also important topics
for the future study.
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Table 1. Estimation of water consumption for daily life

Table 2. Daily precipitation of Taipei in 1992
Date Jan. Feb. Mar. Alp. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

1 34.0 0.0 0.0 1.0 20.6 0.5 0.0 0.0 1.7 0.0 0.0 0.0
2 3.6 0.0 5.3 35.0 4.2 0.0 8.6 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 15.5 0.0 43.5 0.0 0.0 22.0 0.0 0.0 0.0
4 0.2 6.2 6.2 14.2 0.0 0.0 0.4 0.0 14.0 0.0 0.0 0.0
5 0.5 9.0 27.9 0.0 0.0 0.0 0.0 1.2 16.0 1.7 0.0 0.0
6 2.0 28.5 11.5 1.4 0.3 0.0 0.0 0.0 18.0 0.0 0.0 0.0
7 1.2 17.0 33.6 0.0 0.2 31.9 17.5 0.0 5.8 5.0 0.0 0.1
8 8.5 0.2 5.5 0.0 7.1 81.1 12.2 9.8 0.0 0.0 5.5 0.3
9 0.5 10.5 12.7 8.2 28.2 5.6 0.5 5.5 0.0 0.6 2.0 0.0

10 0.0 26.5 39.6 3.5 0.0 1.7 0.5 0.0 0.5 0.0 0.0 0.0
11 1.0 57.5 21.1 72.9 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 27.0 0.0 11.6 0.0 5.0 0.0 0.0 0.0 6.4 0.0 0.1
13 0.2 18.7 0.0 1.7 0.0 88.7 0.0 0.0 0.0 17.3 2.7 0.0
14 2.2 0.5 0.0 0.0 0.0 0.2 0.0 15.5 0.0 19.0 10.4 0.5
15 0.0 47.8 0.0 0.0 41.5 0.0 0.0 0.7 0.1 8.4 10.8 13.8
16 0.0 12.5 0.0 0.0 1.0 0.0 0.0 0.0 0.0 25.7 4.2 0.4
17 0.0 16.0 0.3 0.0 14.1 0.1 22.0 10.0 0.1 0.0 4.9 0.0
18 0.0 10.2 0.0 0.0 3.6 3.8 27.5 2.7 32.2 0.0 0.0 0.0
19 6.5 39.5 0.0 10.7 5.4 1.0 4.5 1.3 16.3 0.0 0.2 0.0
20 3.0 18.6 0.0 0.0 0.0 0.0 0.0 79.1 106.1 0.0 4.8 0.0
21 0.1 1.2 0.0 0.0 18.4 0.0 0.0 0.0 40.9 0.0 0.0 0.0
22 0.0 22.3 0.0 30.1 43.5 0.0 0.0 13.1 50.5 0.0 0.0 0.0
23 0.0 16.0 0.0 0.0 0.0 0.0 7.0 0.8 5.0 0.0 0.0 0.0
24 12.5 0.1 0.4 8.5 0.0 6.7 0.4 0.0 0.0 0.0 0.0 0.0
25 2.6 0.0 0.4 0.3 2.2 0.0 0.0 0.0 0.0 0.0 0.8 0.0
26 0.0 0.0 0.0 0.3 4.4 0.0 21.5 9.1 0.0 0.4 0.7 0.0
27 0.0 0.0 0.0 2.5 0.0 4.4 0.0 27.1 0.0 0.0 4.8 0.0
28 0.0 0.0 4.5 0.0 0.0 7.5 0.0 34.4 0.0 0.2 1.2 18.4
29 0.0 0.0 6.1 0.0 0.0 0.0 0.0 47.1 0.0 0.5 12.9 4.0
30 0.0 — 3.0 4.2 10.9 3.1 0.0 42.1 0.0 0.0 0.0 31.8
31 12.7 — 1.6 — 16.6 — 0.0 29.5 — 0.0 — —

Total 91.3 385.8 179.7 221.6 222.2 285.0 122.6 329.0 329.2 85.2 65.9 69.4

(yearly precipitation 2386.902mm/year)

   purpose

volume
bath cloth

washing
light

washing
toilet kitchen cleaning others total

Proportion
(%)

20% 24% 12% 16% 20% 4% 4% 100%

Daily average 50 60 30 40 50 10 10 250

Daily maximum 75 80 40 55 70 15 15 350

(unit: liter/day.person)
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Figure 1. The yearly precipitation of Taiwan from 1985 to 1994

Figure 2. Situation of rainwater resource in the world

Figure 3. Tap water consumption of Taipei from 1986 to1995
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Figure 4. Precipitation from 1985 to 1994 in twelve measurement point in Taiwan

Figure 5. the potential diagram of rainwater utilization for Taipei City
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Figure 6.  Balance of input and output for rainwater utilization

Figure 7.  Flow chart of rainwater utilization simulation
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Figure8. Simulation of rainwater utilization
(Storage tank: 15m3)
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Figure 9. Simulation of rainwater utilization
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Figure 10. Simulation of rainwater utilization
(Storage tank:50m3)
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7KH�HYDOXDWLRQ�RI�EXLOGLQJ�ZDWHU
FRQVHUYDWLRQ�SURJUDP�HPSOR\LQJ
IRUHFDVWLQJ�ZDWHU�EXLOGLQJ�FRQVXPSWLRQ
DSSURDFK�

'��%DUUHWR��3K'��0�6F�%�6�(�
dougbarr@ipt.br
Civil Engineering Division, Building Services Laboratory, IPT São
Paulo, Brazil

$EVWUDFW

The aim of this present paper is to present the particular results of a Building Water
Conservation Program carried out in a hospital building. The Program establishes a
methodology considering a group of actions to be applied in order to obtain reduction of
water consumption inside the building. The evaluation was an important activity
considered by the methodology and was applied a statistical model to forecasting water
consumption to evaluate the program results. The model shows the amount of water
savings achieved around of 19% to 31 % considered the two years covered by this
study.

.H\ZRUGV

Water saving, Forecast water demand, Water uses, and Water economy.

��,QWURGXFWLRQ

The main problem in evaluating the effects of the water economy achieved by Water
Conservation Programs relays on the identification of which portion of water can be
considered as water saved by the effect of the actions program.

Generally the water economy due to a specific action can be jeopardised by the
random variation of water consumption imposed by the users activities inside the
building.

To identify the real water economy achieved it was proposed the evaluation of water
consumption by considering a statistical model to foresee the consumption considering
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the users activities and comparing against the real consumption were the program
actions were taking effect.

��0HWKRGRORJ\

A specific methodology was adopted by using forecasted water consumption
established through a statistical model considering parameters associated to the
activities in a hospital building.

A detailed internal water consumption was carried out in order to know the internal
water distribution among all the possible uses considering the hospital activities. The
Hospital is the “Instituto da Criança” (Children Hospital) with 8 floors and totalling of
10.000 square meters of built area.

A classification of the main variables was done to find out the group of acceptable
variables that could be used in the statistical model. A comparison of three regression
equations was performed. A best-fit equation was used to forecast the water
consumption and was defined the equation that would be adopted to forecast the
consumption.

��,QWHUQDO�XVH�RI�ZDWHU

It has been usual to evaluate the water consumption of a building by the analysis of
the water bills where the amount of water is metered by the water supply company. This
is acceptable to verify the level of water consumed but it is not enough to identify which
portion of internal water use the program should be focused.

Thus it was used a metering system composed by electronic hydrometers connect to
a computer were a supervisor software gathered the water consumption data. The
software outputs were a file that contents were full compatible with an electronic
worksheet that makes tables and graphics.

The system was capable to take care of 60 meters but for Water Conservation
Program was identified six places to monitoring:

• The Air conditioning
• The Air compressor
• The boiler
• The Vapour Chamber
• The Kitchen
• The Main supply

In these places were installed hydrometers connected to the microcomputer and it
was possible to quantify the water consumed in intervals of 10 minutes. Considering
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that the difference of water registered by main supply compared with the others metes it
can found the amount of water consumed internally by sanitary uses like WCs,
lavatories, fountain drinking water and etc. The Table 1 shows the results yielded by
monitoring internal water consumption for eight months. The figures 1 and 2 show the
graphics of water consumption.

Table 1 – Internal water consumption since march to october 1998 ( in m3/month)
0RQWK $LU

&RQGLWLRQLQJ
&RPSUHVVRU 9DSRXU %RLOHU .LWFKHQ ,QWHUQDO

XVHV
0DLQ
VXSSO\

0DUFK(*) 148,6 98,5 167,6 170,7 431,6 1.365,6 2.382,6
$SULO 291,4 540,7 377,4 26,3 1.074,7 3.337,6 5.648,1
0D\ 139,3 181,3 525,8 552,8 1.232,7 2.522,7 5.154,7
-XQH 99,8 156,9 620,0 576,5 1.029,4 2.808,5 5.291,1
-XO\ 99,4 84,8 334,7 620,9 1.096,4 3.077,3 5.313,5
$XJXVW 135,2 124,0 86,7 601,7 1.283,7 2.553,7 4.784,9
6HSWHPEHU 128,9 78,2 66,1 611,5 1.248,4 2.391,5 4.524,8
2FWREHU 123,7 97,5 53,9 620,1 1.228,3 2.567,9 4.691,5

1RWH� (*) The monitoring system started up in the middle of the month.

:DWHU�FRQVXPSWLRQ�LQVLGH�WKH�EXLOGLQJ���0DUFK���

Air Cond.
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Internal uses
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:DWHU�FRQVXPSWLRQ�LQVLGH�WKH�EXLOGLQJ���$SULO���
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:DWHU�FRQVXPSWLRQ�LQVLGH�WKH�EXLOGLQJ���0D\���

Air Cond.
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:DWHU�FRQVXPSWLRQ�LQVLGH�WKH�EXLOGLQJ���-XQH���

Air Cond.
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Figure 1 – Water consumption inside building from March to June 1998

Figure 2 – Water consumption inside building from July to October 1998

From the pictures can be seen that the main inside water consumption relays on the
internal use involving the water demanded by the users during their presence inside
building developing some activity. The amount of water achieved more than 50% of
total water supplied to the building during the month.

The equipment water consumption was divided among activities considered as
minimal to maintain the Hospital working. The highlight is to kitchen consumption with
an average of 23% of total water. Others equipment could considered as normal in face
of the building Hospital.

An important point to mention is the water consumption related to internal use where
the Water Conservation Program concentrated its actions aiming the reduction in water
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sanitary uses. Also this amount of water is due to the activities developed by the users
so it can be seen the users directly influence of the variation in water consumption.

��9DULDEOHV�GHILQLWLRQ

During the development of the program was collected a group of information about
the activities carried out by the hospital employee’s al well the users of medical care.
These information were related to the quantitative variation of people covered by the
Hospital attendance along the several months.

After analysis of all this information it was identified among those which could be
considered as influent in the variation of water consumption and than it were
denominated variables to be used to describe the water consumption due to building
inside activities. Finally it yield a small group of variables that is shown in the table 2.
Figures 3 and 4 shows the level of variation for two variables.

Table 2 – Variables considered as influent in the water
consumption inside building

9DULDEOHV
3DWLHQW�PHDOV
(PSOR\HH�PHDOV
3DWLHQW�DFFRPSDQ\�PHDOV
0LON�ERWWOH�SUHSDULQJ
([DP�LQ�/DERUDWRU\
([DP�5DGLRORJLFDO
,QSXW�UHJLVWUDWLRQ
6XUJHU\
3DWLHQW�$WWHQGDQFH
1XPEHU�RI�HPSOR\HHV
$YHUDJH�PRQWKO\�WHPSHUDWXUH
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Figure 3 – Variation in the number of Hospital employees
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Figure 4 – Variation of meals served to the Patient, employee and patient accompany

��:DWHU�UHGXFWLRQ�DFWLRQV

As a part of the Water Conservation Program was established to carried out water
reduction actions. These actions aimed to reduce the water consumption and were
defined based on the analysis of the internal water consumption and the activities
variation levels. The table 3 presents the actions defined by the program and the figure 5
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presents the effect in reduction water consumption level achieved due to
implementation of these actions.

Table 3 – Actions for water reduction

$FWLRQV

$��$YHUDJH�FRQVXPSWLRQ�EHIRUH�WKH�3URJUDP�D�

$��([WHUQDO�OHDN�GHWHFWLRQ
$��,QWHUQDO�OHDN�GHWHFWLRQ
$��0DLQWHQDQFH
$��0RQLWRULQJ�6\VWHP�E�

$��&KDQJH�LQ�:&�SDQV����OLWUH�SHU�IOXVK�
$��6KRZHU�IORZ�UHVWULFWLRQV
$��7DS�DHUDWRUV
$��$XWRPDWLF�WDSV�DQG�XULQDO�IOXVKHV

Note: (a) This action establish the water consumption reference.
(b) This activity is not related to water reduction but the
possibility to water monitoring was considered as a action by
the program.

Figure 5 – Actions Effects over the water consumption inside building.
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��)RUHFDVWLQJ�0RGHO�GHYHORSPHQW

With the data relative to the water consumption and the behaviour of the variables it
was possible applying statistical concepts the establishment of a statistical model that
could be used to foresee the water consumption considering the level of variables.

Basically was adopted a foreseeing model based on linear regression as the
following:

<� �β����β�;����β�;����β�;�����������βN;N���ξ

Where:

β0 = constant

β1, β2, β3, βk =variables coefficient

X1, X2, X3, Xk = variables

ξ = error

It was employed the MINITAB as a tool to calculate the best-fit equation
considering constrains offered by the MINITAB, the technical knowledge involved,
and the Pearson correlation coefficient.

Three sets of variables were grouped and processed by MINITAB and the runs
yielded the equations for forecasting water consumption by the Program. Each model
was called as A, B and C and the results can be shown in the tables 4 to 6.

Table 4 – Results for model A
&RHIILFLHQW 6WDQGDUG�HUURU W 3

&RQVWDQW 12.148 5.016 2,42 0,073
3DWLHQW�PHDOV 0,63877 0,09667 6,61 0,003
(PSOR\HH�PHDOV -0,5163 0,1488 -3,47 0,026
([DP�LQ�/DERUDWRU\ -0,13835 0,04928 -2,81 0,048
6XUJHU\ 9,420 4,448 2,12 0,102
3DWLHQW�DWWHQGDQFH� -0,3544 0,1722 -2,06 0,109
1XPEHU�RI�HPSOR\HHV -4,738 4,565 -1,04 0,358
7HPSHUDWXUH 31,32 28.45 1.10 0.333
&RHIILFLHQW��U�� 97.7%

/LQHDU�UHJUHVVLRQ�HTXDWLRQ�
:DWHU�FRQVXPSWLRQ�= 12.148 + 0,639*3DWLHQW�PHDOV – 0,516*(PSOR\HH�PHDOV –
0,138*([DP�LQ�/DERUDWRU\�+ 9.42*6XUJHU\ – 0,354*3DWLHQW�DWWHQGDQFH – 4.74*1XPEHU
RI�HPSOR\HHV + 31,3*7HPSHUDWXUH

Table 5– Results for model B
&RHIILFLHQW 6WDQGDUG�HUURU W 3

&RQVWDQW 10.932,2 874,6 11,88 0,053
3DWLHQW�PHDOV 0,49926 0,01887 26,46 0,024
3DWLHQWV�DFFRPSDQ\�PHDOV 0,08795 0,01742 5,05 0,125
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(PSOR\HH�PHDOV -0,30809 0,02626 -11,73 0,054
0LON�ERWWOH�SUHSDULQJ 0,008464 0,001613 5,25 0,120
([DP�LQ�/DERUDWRU\ -0,107148 0.006894 -15,54 0,041
,QSXW�UHJLVWUDWLRQ -2,5539 0,1573 -16,23 0,039
6XUJHU\ 13,2455 0,7007 18,90 0,034
3DWLHQW�DWWHQGDQFH -0,24324 0,03305 -7,36 0,086
1XPEHU�RI�HPSOR\HHV -4,3541 0,7936 -5,49 0,115
7HPSHUDWXUH 14,805 4,480 3,30 0,187

&RHIILFLHQW��U�� 100.0%

/LQHDU�UHJUHVVLRQ�HTXDWLRQ�
:DWHU�FRQVXPSWLRQ = 10.392 + 0,499*3DWLHQW�PHDOV + 0,00846*0LON�ERWWOH�SUHSDULQJ +
0,0879*3DWLHQWV�DFFRPSDQ\�PHDOV– 0,308*(PSOR\HH�PHDOV – 0,107*([DP�LQ�/DERUDWRU\
– 2,55*,QSXW�UHJLVWUDWLRQ + 13,2*6XUJHU\ – 0,243*3DWLHQW�DWWHQGDQFH – 4,35*1XPEHU�RI
HPSOR\HH + 14,8*7HPSHUDWXUH

Table 6  – Results for model C
&RHIILFLHQW 6WDQGDUG

HUURU
W 3

&RQVWDQW 5.196,1 216,8 23,97 0,027
3DWLHQW�PHDOV 0,583623 0,001895 308,03 0,002
3DWLHQWV�DFFRPSDQ\�PHDOV -0,052403 0,003617 -14,49 0,044
(PSOR\HHV�PHDOV -0,354783 0,004301 -82,48 0,008
([DP�LQ�/DERUDWRU\ -0,083219 0,001434 -58,02 0,011
([DP�5DGLRORJLFDO 0.174908 0,005054 34,61 0,018
,QSXW�UHJLVWUDWLRQ -2,58298 0,02454 -105,25 0,006
6XUJHU\ 10,6091 0,1400 75,76 0,008
3DWLHQW�DWWHQGDQFH -0,278556 0,004504 61,84 0,010
1XPEHU�RI�HPSOR\HHV 1,9698 0,2185 9,02 0,070
7HPSHUDWXUH 16,6073 0,7023 23,65 0,027
&RHIILFLHQW��U�� 100.0%

/LQHDU�UHJUHVVLRQ�HTXDWLRQ�
:DWHU�FRQVXPSWLRQ = 5196 + 0.584*3DWLHQW�PHDOV + 0.175*([DP�5DGLRORJLFDO -
0.0524*3DWLHQWV�DFFRPSDQ\�PHDOV - 0.355*(PSOR\HH�PHDOV - 0.0832*([DP�LQ
/DERUDWRU\ - 2.58*,QSXW�UHJLVWUDWLRQ + 10.6*6XUJHU\ - 0.279*3DWLHQW�DWWHQGDQFH +
1.97*1XPEHU�RI�HPSOR\HHV + 16.6*7HPSHUDWXUH

The equations of water consumption of the three models were tested with the data
collect and the deviation error was obtained for each one comparing with the real
metered water consumption. The figure 6 shows the result where can be seen that the
model C was the best equation and consequently was the model adopted.
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Figure 6 – The deviation errors from the forecasting models

��0RGHO��DSSOLFDWLRQ

The model adopted was the equation yielded by model C and considering a
confidence interval of 95 % the results were closed to the real metered curve of
consumption pointing that the model could be used to analyse the program results. The
figure 7 to 9 shows the result of the comparison between estimate consumption
considering the confidence interval and the metered consumption for the year 1996,
1997 and 1998.
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Figure 7 –Water consumption forecasted and metered for 1996

Figure 8 –Water consumption forecasted and metered for 1997

Figure 9 –Water consumption forecasted and metered for 1998

��0RGHOOLQJ�DQDO\VLV

The Water Conservation Program effectiveness could be identified by applying the
model of forecasting water demand presented. As can be seen in the figure 6 for the
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year 1996 the output of the model was perfectly coincident with the consumption
metered by the water monitoring system (electronic hydrometers).

As the actions of the Program took place in 1997, the first action started on January it
can be seen that the metered water consumption curve start to move down while the
forecasted water consumption curve move up. This is due to effectiveness of the action
that reduced the consumption. The model was developed considering the total
consumption of the building therefore the model still work with the original behaviour
of water consumption building.

For the years 1997 and 1998 it can be seen that the consumption curves given by the
model always were displaced from the metered water consumption curves. This means
that if not has been done the consumption level should be that stated by the model
instead of the real level given by the metered curve.

This is important to highlight the amount of water saved by the Water Conservation
Program. Because of the variation in the activity level inside the building caused by the
users the identification of the water saved would cover the effect of the water reduction
action.

��&RQFOXVLRQV

As main conclusion it can be assumed that the model helped to know the estimated
consumption by using statistical tools to compare the effectiveness of reduction actions
proposed by the water conservation program. The figure 10 shows the accumulated
annual water consumption where can be point out the difference between the forecasting
model and the metered water consumption.

$QQXDO�ZDWHU�FRQVXPSWLRQ
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Figure 10 – Annual water consumption in the Hospital

Another point to be highlighted is that the Water Conservation Program carried out
achieved all objectives proposed. The methodology developed was adequate to the
building activity mainly considering the Program took place in a Hospital Building were
the activities can not be interrupted as well the hygienic conditions must be guaranteed
in order to avoid contamination.

In relative terms the model pointed out that the water saved in 1997 was around 19%
compared with metered consumption and 31% for 1998 compared in the same basis.
This means the amount of water that leave to be demanded by the building and of
course stayed available for use by others buildings connect in the water main supply.

Must be recommended that the model be developed only for the building studied and
any other application should be done with necessary care in order to avoid undesirables’
results. Also is important to point out that the model can suffer modifications in order to
incorporate in the equation some terms considering the effect of each action performed
and so making possible to forecasting the water consumption considering water
conservation parameters.
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$EVWUDFW

Although the scope that this paper deals with outsteps the discussion about one
locality, much mention is made of Okinawa; Okinawa is chronically drought-prone
since it has no deep mountains nor large rivers, depending mainly on the rainfall as its
water resources ; its climate is oceanic and subtropical, subject to being hit by
occasional typhoons, which bring KHDYHQO\ sea-rain. The national government
encourages house- and building owners to install rainwater catchment systems by
financing with additional building-loan allocations since 1991, this institutional means
has certainly lead to a remarkable increase of rainwater utilization amounting to for
about one thousand houses and buildings. And the prefectural government has prepared
some guiding reports on publicity and propagation for rainwater utilization. We are
partly associated with such action program, and have proposed a methodology of
predicting numerically the availability of rainwater catchment system for buildings.

We usually take up a method simulated on personal computer for availability
calculations to know how much rainwater could be utilized for a specific combination
of reservoir or tank capacity, collection area, and daily water consumption.

Our methodology starts with the inquiry into annual rainfall patterns ; we employ a
key word Duty factor, a borrowing of pulse theory due to their analogy to pulse
configurations, irregular as they are; here a Duty factor is defined as a ratio of the
number of a rainy day or successively rainy ones, to that of the subsequent non-rainy
day(s) plus the immediately precedent rainy day(s). These accumulative Duty factors
thus obtained on one-year basis, coupled with conventional availability calculations -
usually considered as relating to the system efficiency -show an index of short-cycled
rainfall patterns in a specific year.

With this modified efficiency appraisal we discussed the rainwater catchment
availability in Okinawa and other principal cities of Japan.

.H\ZRUGV
Okinawa; Rainwater catchment; System efficiency
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2NLQDZD¶V�ZDWHU�SUREOHPV

A proverb saying that it never rains but it pours, literally makes sense when we
examine the rainfall statistics for various localities HYHQ in a country. With those for
Japan we realize that some localities are likely to have a few occasions of raining, but
amounting to much annual total rainfall. Okinawa where we live is a small island
located in the merging waters of the Pacific and the East China Sea, about 1,700km
distant south-west from Tokyo, and frequented annually by typhoons originating in the
Philippine waters. Its annual total rainfall exceeds the national average by around
500mm, nevertheless Okinawa is threatened from year to year with water shortages
mainly due to its absence of deep mountains and large rivers, mostly lost as run off.

)LJ����/RFDWLRQ�RI�2NLQDZD�DQG�LWV�YLFLQLW\

Since 1991,governments, both at national and prefectural levels, have implemented
an action program to promote introduction of rainwater catchment facilities, and that
seems to have successfully settled in the Okinawan society. For houses, the use of
rainwater is almost limited to toilet flushing, car washing, and gardening. In general, the
water quality is considered suitable for other use such as laundering and, sometimes
cooking.
  For a long time, people in Okinawa have been taking it for granted to use the
rainwater, often called “TENSUI” (heavenly water) in daily life. With the increasing
demands for water in the household sector for the past two decades, water consumption
per head has been steadily enhanced.
  Also, Okinawa features another water resource – d esalinated seawater, and several
plants are now in service, mainly installed in isles at smaller capacities. In these
climates for developing more stabled water conditions, we have been involved in the
study of rainwater catchment for houses and buildings, from a viewpoint of developing
optimal evaluation methodology, in cooperation with architects and engineers in
Okinawa.
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)LJ����2NLQDZD¶V�FXPXODWLYH�QXPEHU�RI�UDLQZDWHU�FDWFKPHQW�KRXVHV�DQG�ODUJHU
VWUXFWXUHV�LQVWDOOHG�ZLWK�ILQDQFLDO�LQFHQWLYHV�

Fig.2 is a cumulative curve showing the number of houses and larger buildings with
rainwater catchment installations which have been built in Okinawa on the national
incentive finance program with a view to diversifying water resources against water
shortages. The program is so planned as to finance applicants a long-term loan for
rainwater catchment necessities to be installed. The program has started in Okinawa
since 1991. It is clearly shown from the curve that in Okinawa the application of the
program is steadily increasing, and that after the starting of the program it took up one
year to get the full recognition of the program; it also indicates that just in the
tumultuous drought of 1994, the number of application has more sharply increased than
in 1993.

(YDOXDWLRQ�PHWKRGRORJ\�RXWOLQHG�DQG�GLVFXVVLRQV�RQ�WKH�UHVXOWV

7KH�WKUHH�HVVHQWLDO�YDULDEOHV�DQG�UHODWHG�IDFWRUV
In order for a rainwater catchment system at a location to predict how much rainfall

is to be available and how much tap water is to be replaced by the rainwater. We
commonly employ the computer simulation whatever different the procedures may be;
the former is denoted as “availability factor” and the latter “ substitution factor”. Both
of the factors vary with the following three variables. The simulation results may differ
according to a number of interrelated combinations of the essential three variables -
reservoir tank capacity, rainwater collection area, and daily water consumption.

Probably the most authoritative literature in Japan on rainwater catchment system
design so far published is the SHASE manual (The society of Heating, Air-Conditioning
and Sanitary Engineers of Japan). It presents the rainwater catchment system design
items in practical order and gives definitions clearly to terminology that is somewhat
confusing. Here, we particularly proposed several terms anew, adding to the
conventional ones; they are Duty Factor (DF), UA (short for Use and Area ratio),
TA(Tank and Area ratio) and System Efficiency; Substitution factor seems to be a
common term, in that it is a ratio of rainwater that replaced tap water, to total quantity
of water to be used. UA and TA are expressed as follows:

  UA=(daily water consumption)×(collection area)×104

  TA=(tank capacity)×(collection area) ×104
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 The proposed Duty factor is illustrated as below (the term itself is a borrowing from
pulse science, in that its configuration is apparently analogous to a pulse wave pattern).
One “Cycle” comprises successive rainy days and successive non-rainy ones (including
both single rainy-and non-rainy day); the average number of cycles amounts to 62 in
one year. The illustrated example shows that if a non-rainy day comes just after one
rainy day -making one cycle and the Duty factor is defined as 0.5, and in the same
manner the other cycle gives a Duty factor of 2/5 or 0.4.

)LJ���UDLQZDWHU�VXEVWLWXWLRQ�IRU�1DKD���������)LJ���UDLQZDWHU�VXEVWLWXWLRQ�IRU�1DKD������

)LJ���UDLQZDWHU�VXEVWLWXWLRQ�IRU�2VDND������������)LJ���UDLQZDWHU�VXEVWLWXWLRQ�IRU�2VDND������

)LJ���V\VWHP�HIILFLHQF\�IRU�1DKD������������������)LJ���V\VWHP�HIILFLHQF\�IRU�1DKD������
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)LJ���V\VWHP�HIILFLHQF\�IRU�2VDND����������������)LJ����V\VWHP�HIILFLHQF\�IRU�2VDND������

  Fig.3 to fig.6 are the rainwater substitution (%) versus TA relations with some UAs as
parameters for Naha and Osaka; fig.4 and fig.6 are presented for 1994 droughty year for
comparison.

Fig.7 to 10 illustrate the System Efficiency versus TA curves calculated for a 10-year
period and the year of 1994 for both Naha and Osaka.

7DEOH���&RPELQDWLRQ�RI�8$�	�7$�IRU�PD[LPXP�V\VWHP�HIILFLHQF\����ORFDWLRQV�

Table 1 denotes the combination of UA and TA when a system efficiency for each of
four location is reached to the maximum. As the table shows, UA for the maximum
occurs at 3 or 5 while TA is between 300 and around 400; however, if we stick to these
values, it will occur that the three variables, namely, reservoir tank capacity and
collection area, and daily water consumption must be considered closely in the stage of
system design.

7DEOH���5DLQIDOOV�DQG�FDOFXODWHG�'XW\�IDFWRUV�IRU�PDMRU�ORFDWLRQV�LQ�-DSDQ�

  Table 2 shows the calculated Duty factors for 10-year period and also for the year of
1994 which brought a harsh and confusing water shortages over a wider portion of the
country.

According to the table, Niigata seems to be best suited for rainwater catchment
among four locations because the amount of its annual rainfall is considerable and its
Duty factor also among the national highest; Naha has seemingly favorable figures of
Duty factor in addition to its large amount of annual rainfall.

Niigata Tokyo Osaka Naha
latest 10 years      (mm) 1758 1536 1353 1864
1994(droughty)    (mm) 1437 1131 744 1570
latest 10 years 0.53 0.40 0.37 0.44
rainy season 0.48 0.48 0.48 0.44
1994 0.49 0.35 0.30 0.42
1994(rainy season) 0.43 0.38 0.38 -

rainfall

DF

Niigata Tokyo Osaka Naha
UA 5 3 3 5
TA 300 360 360 420

System efficiency 0.906 0.806 0.858 0.883
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)LJ�����6\VWHP�HIILFLHQF\�GLVWULEXWLRQ��-DSDQ�

Fig. 11 illustrates an example of a nationwide distribution of system efficiency, drawn
for Japanese 150 major urban regions assuming that the UA is at 5 and the TA at 500;
this illustration is subject to change if other combinations of UA and TA are applied.

&RQFOXVLRQV

We made a brief review, in the first, on the present Okinawa with special emphasis
on its institutional means for combating with frequent water shortages, especially in the
household sector by employing rainwater catchment systems. Consequently our
academic interest has been concentrated on the appraisal effectiveness of such rainwater
catchment for structures as a whole.
1) It may safely be said that the rainwater catchment systems have now been accepted in

the society of Okinawa both in concept and practice, and are deeply rooted in.
2) And the institutional incentives have proved effective.
3) The defined Duty factor lies between 0.3 and 0.6 for Japan on the average, and at

locations severely affected in the nationwide droughty year of 1994, as a natural
consequence, reduced to as low as 0.3.

4) The defined system efficiency tends to become nearly highest when UA is taken for
around 3 to 5 in rainwater catchment system design, it is advisable to enhance the
reservoir tank capacity and adjust the other two variables, namely, daily consumption
rate and collection, so as to approximate UA as nearer to appropriate figure as
possible.
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7KH�,PSDFWV�RI�,QGLYLGXDO�:DWHU
0HWHULQJ�6\VWHP��VXEPHWHULQJ�

(GXDUGR�6��<DPDGD�(QJ��5DFLQH�7��$��3UDGR�(QJ�3KG��(GXDUGR
,RVKLPRWR�(QJ�3KG
'HSDUWPHQW�RI�&LYLO�(QJLQHHULQJ��%XLOGLQJ�6\VWHPV�/DERUDWRU\��8QLYHUVLW\
RI�6mR�3DXOR��6mR�3DXOR��%UD]LO�

$%675$&7
1RZDGD\V�LQ�PRVW�RI�%UD]LOLDQ¶V�UHVLGHQWLDO�EXLOGLQJV��WKHUH�LV�D�JUHDW�FRQFHUQ�UHODWHG�WR�WKH�ZD\�WKDW�ZDWHU
FRQVXPSWLRQ� LV�PHWHUHG� DQG� UDWHG� DPRQJ� WKH� ZDWHU� XVHUV�� 7UDGLWLRQDOO\�� LQ� %UD]LOLDQ¶V� FXOWXUH�� WKH� ZDWHU
FRQVXPSWLRQ�PHWHULQJ�V\VWHP�LQ�D�UHVLGHQWLDO�EXLOGLQJ�LV�GRQH�E\�RQO\�RQH�K\GURPHWHU��FROOHFWLYH�PHWHULQJ�
DQG�WKH�JOREDO�ZDWHU�ELOO�LV�VKDUHG�DPRQJ�DOO�XVHUV�DFFRUGLQJ�WR�GLIIHUHQW�VKDULQJ�PHWKRGRORJLHV��7KH�JUHDW
SDUW�RI�WKHP�WDNHV�LQWR�DFFRXQW�TXDQWLWDWLYH�FKDUDFWHULVWLFV��VXFK�DV�QXPEHU�RI�DSDUWPHQWV�DQG�DSDUWPHQW�VL]H
�DUHD���%XW�WKH�PRVW�DSSOLHG�PHWKRGRORJ\�LV�UHODWHG�WR�WKH�QXPEHU�RI�DSDUWPHQWV��ZKLFK�LV�WRWDOO\�XQIDLU�WR�WKH
XVHUV�� HTXDO� VKDULQJ� DPRQJ� WKH� QXPEHU� RI� UHVLGHQWV�� 7KH� LGHDO� DQG� ORJLFDO� VLWXDWLRQ� LV� ZKHQ� ZDWHU
FRQVXPSWLRQ�LV�PHWHUHG�E\�DQ�LQGLYLGXDO�K\GURPHWHU�DQG�UDWHG�E\�DQ�LQGLYLGXDO�ZDWHU�ELOO��DV�ZKDW�KDSSHQV
WR�%UD]LOLDQ¶V�HOHFWULFLW\�DQG�SXEOLF�JDV�FRQVXPSWLRQ�PHWHULQJ�V\VWHP��0DQ\�DXWKRUV�IURP�GLIIHUHQW�SDUWV�RI
WKH�ZRUOG�DOUHDG\�FRQILUPHG�WKH�ZDWHU�FRQVXPSWLRQ�UHGXFWLRQ�LQ�UHODWLRQ�WR�FROOHFWLYH�PHWHULQJ�V\VWHP��ZLWK
WKH�LPSODQWDWLRQ�RI�VXEPHWHULQJ��LQGLYLGXDO�PHWHULQJ��V\VWHPV�LQ�UHVLGHQWLDO�EXLOGLQJV��%XW�PRVW�RI�WKHP�KDYH
QRW�FRQVLGHUHG�DQ�LPSRUWDQW�ZDWHU�XVH�IDFWRU�WKDW�LV�GLUHFWO\�UHODWHG�WR�WKH�YDULDWLRQ�RI�FRQVXPSWLRQ��VRFLDO
DQG�FXOWXUDO��EHKDYLRU�DQG�KDELWV��FKDUDFWHULVWLFV�RI�WKH�ZDWHU�XVHUV��7KH�REMHFWLYH�RI�WKLV�SDSHU�LV�UHODWHG�WR
D�GDWD�DQDO\VLV�DQG�FRPSDULVRQ�RI�D�UHVHDUFK�LQ�EXLOGLQJV�ZKLFK�SUHVHQWV�WZR�NLQGV�RI�ZDWHU�PHWHULQJ�V\VWHP
�FROOHFWLYH�DQG� LQGLYLGXDO�PHWHULQJ�V\VWHP���FRQVLGHULQJ� WKH�ZDWHU�XVHUV� VRFLDO�DQG�FXOWXUDO� FKDUDFWHULVWLFV
DQG� WKH� ZDWHU� FRQVXPSWLRQ� UHGXFWLRQ� LPSDFWV�� 7KH� UHVHDUFK� ZDV� DSSOLHG� LQ� D� FDVH� VWXG\� RI� UHVLGHQWLDO
EXLOGLQJV�� ZKLFK� SUHVHQW� LGHQWLFDO� SK\VLFDO� FKDUDFWHULVWLFV� EXW� GLIIHUHQW� ZDWHU� PHWHULQJ� V\VWHP� DQG� ZDWHU
XVHUV�

��� ,1752'8&7,21
According to OLIVEIRA (1999), there are several technological options which contribute
to the water reduction and control, such as:
- submetering system of water consumption;
- water saving components and systems;
- water leaks detection and correction.

Among all the presented actions, technically, the submetering system is the one which is
related to an indirect intervention action in methodologies for economy of water, so much
for the water users as for the condominium. The other options are direct intervention
actions to the buildings hydraulics systems, which seek the reduction and control of water
waste through the performance in damaged and inefficient hydraulic projects.

With the submetering system, the user begins to acquire larger conscience of the water use,
because he will be asked to pay the water bill according to its consumption. So, the water
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saving happens spontaneously, or indirectly, without any application of water conservation
methodologies.

For the condominium, the submetering system contributes indirectly to the water waste and
problems through the attribution of facilities and efficiency in water leaks verification and
detection in the habitational units, due to the individual water consumption, causing with
that, shorter detection time and smaller damages in the maintenance intervention actions.

It is still worth to remind that, in the users’ case, there is an important social and cultural
characteristic which should be considered, because it is directly related to the behaviors and
procedures of water use: the water users’ habits and procedures. Each user presents a
certain behavior of water use. Some, with larger conscience in relation to the water
economy, and others, with less concern, or even, totally dissembled of water rationalization
procedures.

��� 2%-(&7,9(6
This article intends to present a detailed characterization of the users' social and cultural
behavior, of a study’s case, for verification of the parameters that can generate great
variations impacts, when compared such characteristics in buildings with different water
metering systems: collective and submetering.

���0(7+2'2/2*<

�����&KDUDFWHULVWLFV�RI�WKH�DQDO\]HG�KDELWDWLRQDO�JURXS
It was verified the existence of a habitational group composed by several standardized
buildings (blocks). So they are identical to each other. The only building system technical
difference between them is the water metering system. Almost 40% of the buildings (30
blocks) have the collective water metering system, and the others 60% (48 blocks) have
submetering system. This habitational group is the CECAP, located in the Guarulhos
municipal district in São Paulo state, Brazil.

The habitational group possesses the following characteristics:
- group composed by 10 condominiums (4 possess collective water metering system and

the left 6, submetering system);
- each condominium possesses 8 buildings (blocks);
- the blocks are all identical to each other. So, all buildings possess same physical

characteristics (apartment size) and architectural project;
- each building possesses 60 apartments, distributed in 3 floors (20 apartments per floor);
- each apartment possesses 52,5 m2 of total area and it is composed by the following

spaces: 3 bedrooms, living room, kitchen, bathroom and service area (S.A.). The
following illustration (Figure 1) shows the architectural plant of a standard apartment.
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)LJXUH��: CECAP’s standard apartment architectural plant.
Measures in meter (m).

�����+\GUDXOLF�DQG�SLSLQJ�V\VWHP�FKDUDFWHUL]DWLRQ
The water supply system of all condominium is made by the public water net system.
There’s no water storage (tanks) and water pumping system. So the water distribution
system to whole apartments is classified as being direct (Direct supply system) served by
public water net. The average water pressure verified in the public water system is about
301 Kpa, showing to be very high, which can contribute to higher water consumptions. The
following figures schematize the type of water supply and distribution system in the two
kinds of buildings (Figures 2 and 3).

 Individual
water risers

 Individual
water risers

Metering
 central

Main water distribution pipePublic water service

Block’s main
 hydrometer

)LJXUH��: Water supply and distribution system in buildings with collective metering
system.
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Public water service

Metering central
  Individual
hydrometers

Metering central

Main water distribution pipe

 Individual
water risers

 Individual 
water risers

)LJXUH��: Water supply and distribution system in buildings with submetering system.

• :DWHU�PHWHULQJ�DQG�UHDGLQJ�V\VWHP
The metering system in buildings with collective metering is composed by only one
hydrometer per building (See Figure 2), which control the water consumption of whole
apartments present in the building. The total water bill of each building is shared equally
among all the apartments. In buildings with submetering system, there is a hydrometer per
apartment, placed in a common area (Metering central), as seen in the Figure 3. So each
apartment has its own water bill. There’s no automatic water metering reading system in
the buildings. All the readings are made manually by a professional (reader) hired by the
water public concessionaire.

�����8VHUV
�FKDUDFWHUL]DWLRQ�GDWD
With an average of 3,4 habitants per apartment in all researched buidings, an extensive
distribution of the frequencies was verified, being found up to 6 fixed people living in an
apartment. From the total population verified, 57% are feminine and the 43% left, from
masculine. The following picture (Figure 4) illustrates the population’s relative frequency
considering the number of people per apartment.
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)LJXUH��: Relative frequency graph of the number of people per apartment.

• 2FFXSDWLRQ�SHULRG
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/HJHQG�±�2FFXSDWLRQ�SHULRG�RI�WKH�GD\�
MA: morning - period from 6:00 o’clock to 11:59 am;
TD: afternoon - period from 12:00 o’clock to 17:59 pm;
NO: night - period from 18:00 o’clock to 23:59 pm;
MD: dawn - period from 24:00 o’clock to 5:59 am.

)LJXUH��: Population’s occupation period distribution.
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It is verified in Figure 5, that:
- so much in the morning period as in the afternoon, 50% of the population are in their

apartments in both blocks with different water metering systems. It was also verified
that there’s an uniform and close distribution in both kinds of blocks with different
metering system. That is very important to consumption comparison study.

�����:DWHU�FRQVXPSWLRQ�KLVWRULFDO
The obtained average monthly water consumption per apartment, in blocks with collective
metering system, was of 21,1 m3/month/apartment, or 703,3 L/day/apartment, while, in
blocks with submetering system, the average was of 17,6 m3/month/apartment, or 586,7
L/day/apartment, resulting in a difference of 16,6% in relation to the average of the
collective part, and 19,9% in relation to the average of the submetering blocks. Therefore, it
was verified a reduction impact of almost 17% in buildings with submetering system, in
relation to the collective metering buildings. It was estimate an average of per capita water
monthly consumption, obtaining 5,3 m3/month/person, or 177 L/day/person, in submetering
system blocks, and 6,2 m3/month/person, or 207 L/day/person, in collective metering
system blocks. The follow illustration (Figure 6) shows the monthly water consumption
historic.
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)LJXUH��: Water monthly consumption (historical) graph of the CECAP’s buildings.
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�����:DWHU�XVHUV�SURFHGXUHV�DQG�KDELWV
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/HJHQG�±�,QGLYLGXDO�SURFHGXUHV�DQG�KDELWV�
1. to delay in bathing (above 20 minutes);
2. to wash dishes with opened faucet between the cleaning and watering;
3. to wash face with opened faucet between cleaning and watering;
4. to shave with opened faucet between cleaning and watering;
5. to brush teeth with opened faucet between brushing and watering;
6. to use the toilet as a trash;
7. inadequate closing of faucets providing water leaks;
8. to use the toilet flushing more than 1 time;
9. to operate the washing machine with inferior recommended load.

)LJXUH��: Population distribution in inadequate water consumption procedures and habits.

Observing the Figure 7, it is verified, mainly, that:
- the actions and habits that provide larger water wastes, as the procedures 1, 5 and 8, are

most observed in the blocks with collective metering system, presenting occurrence
frequencies above the double in relation to blocks with submetering system;

- the frequency of people who uses toilet flushing more than 1 time, in collective
metering system blocks, is superior to 3 times the frequency of the ones who live in
apartments with submetering system.
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)LJXUH��: Population’s distribution in the spent average time interval in each washing
dishes procedure.

Observing the Figure 8 above, it is verified that:
- there is a frequency values proximity in both blocks with different metering system in

the time intervals of  " 5 to 10 minutes " and " 10 to 15 minutes ";
- in 25% of the apartments in both kind of blocks, the average spent time to wash dishes

in blocks with collective metering is, at least, 3 times higher than the one spent in
blocks with submetering system.
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)LJXUH��: Population’s distribution in the spent average time interval in each bathing.

It is verified, in the Figure 9 above, that:
- the whole population who lives in blocks with collective metering spent, at least, 5

minutes in each bathing, while the most part of the population (57%) who lives in
blocks with submetering system spends up to 10 minutes in each bathing;
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- the second higher frequency of time interval, in blocks with collective metering is
revealed to be the highest time interval (“above 15 minutes"). This justifies the obtained
data in the graph of the picture 7, related to the inadequate habit of delaying in bathing
above 20 minutes (Procedure 1).

�����:DWHU�VDYLQJ�SURFHGXUHV�DQG�DFWLRQV
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/HJHQG�±�7KH�PRVW�XVH�ZDWHU�VDYLQJ�DFWLRQV�
Action 1: reuse of the washing machine water when washing clothes;
Action 2: storage and reuse of the tank water.

)LJXUH���: Population’s distribution in adoption frequency of water saving actions.

In the graph of the Figure 10 above, it is verified that:
- half of the habitations with submetering system adopts water saving actions, while, in

case of blocks with collective metering system, less than 10% of the habitations adopt
this procedure. So, it is clearly observed that there’s a great ignorance of the population
in habitations with collective metering in water saving methods and consumption
rationalization.
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�����:DWHU�PHWHULQJ�V\VWHP�HYDOXDWLRQ
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/HJHQG���6DWLVIDFWLRQ�UHDVRQV�
1. the metering system and the total water bill sharing procedure of water consumption are fair;
2. the water bill is under the expectations;
3. the metering system facilitates the water leaks detection;
4. the metering system facilitates the hydraulic equipments maintenance.

)LJXUH���: Population’s distribution according to the satisfaction reasons of the metering
system evaluation.
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/HJHQG���'LVVDWLVIDFWLRQ�UHDVRQV�
1. the metering system and the water bill sharing procedure of water consumption are unfair;
2. the water bill is above the expectations;
3. there’s no knowledge of the actual water consumption per apartment;
4. the metering system turns difficult the hydraulic equipment maintenance in case of water interruption

needs;
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5. the metering system turns difficult the water leaks detection;
6. obligated to pay the minimum tax for the water consumption below the minimum consumption range

(under 10 m3 per month);
7. the water bill is higher if compared to those of isolated residences (houses).

)LJXUH���: Distribution of the population for dissatisfaction of the mensuration system.

We verified, in the graphs of the Figures 11 and 12, that:
- more than the half of apartments with submetering system is satisfied with the metering

system. Even so, just 28,2% attributed to be fair this water metering method;
- only 11% of the apartments (reasons 3 and 4 of the Figure 11) have knowledge of the

facilities that the submetering system can provide to the hydraulic system maintenance
actions. In case of blocks with collective metering, 24% (reasons 4 and 5, of the Figure
12) of the apartments have knowledge of these actions, due to possible faced difficulties
verified in apartments with this kind of metering system;

- in spite of the majority of the apartments with submetering system is satisfied with this
metering system, 30% of the units are dissatisfied with the method because of high
price of the water bill, being above of the users foreseen expectations. Such fact is still
reinforced when we observe that 13% of the habitations complain that the water bill is
very high, if compared to those of isolated residences (reason 7, of the Figure 12).

���),1$/�&216,'(5$7,216
In this research we intended to show the main variation impacts of the buildings with
different kind of water metering system. So, we can highlight the following considerations:
- even being observed a certain frequency equivalence of the social characteristics

(number of people per apartment and occupation period) of the population, it was
verified several divergences in the cultural characteristics (water consumption habits
and procedures), reflecting the consumption reduction impacts between buildings with
different water metering systems;

- even verified a water consumption reduction impact of almost 17% in blocks with
submetering system, front to the ones with collective metering, it was observed that this
impact presented below the expectations. In agreement to some authors mentioned in
the CIBW62 1999, by YAMADA HW� DO (1999), it was verified that some researches
realized by other authors presented a reduction impact of, at least, 20% in this kind of
comparison study of metering system. This fact can be justified according to the follow
situation verified in the research in some interviews: it was verified apartments with
submetering system which was presenting identical and pretty close user’s social and
cultural characteristics, but with great difference in their monthly water consumption
values. So, for a same user’s characterization (number of people, occupation period,
habits, etc.) in different habitations, but with the same metering system (submetering),
great divergences of water consumption were verified, which can only be justified by
mistakes and wrong metering reading caused by the readers;

- it was verified great unknowledge and ignorance of the population that resides in
habitations with collective metering system, front to the water saving actions and water
use rationalization. That is probably justified by the unfair sharing procedure of the total
water bill among all the users, motivating these populations to consume in agreement to
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their needs, without being conscious with their actual consumption, because this is not
metered individually.
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$%675$&7
In this paper we have discussed the carbon dioxide emissions when constructing the water supply system,
drainage equipment, rainwater facilities, fire extinguishing system and domestic hot water supply system,
turning our attention to the plumbing system as a whole of an office, and compared the electric power
consumption when operating water system facilities. The findings are as follows. The consideration of
CO2 emission concerning the construction may curtail the environmental load through the selection of the
water supply method and piping materials. The reduction in CO2 emission relating to the maintenance
and administration will lead to some great effect in reducing the environmental load in the water system
facilities as a whole all through saving the water consumption in any building.

����,QWURGXFWLRQ

There exist bustling movements, home and abroad, that surround the building facilities. The adoption of
Agenda 21 in the "United Nations Conference on Environment and Development(Earth summit)" held in
June 1992 in Rio de Janeiro elicited one of the international trends.  In 1985 the "Vienna Convention for
the Promotion of the Ozone" was adopted under the leadership of the international environment plan.
Japan agreed to reduce its CO2 by 2010 by 6% compared with that in 1990 in the "COP3" (the "Third
Concluding Meeting" relating to the "Global warming effect prevention treaty") held in 1997. The global
environmental problems have thus been brought to the fore. We have discussed the carbon dioxide
emissions when constructing the water supply system, drainage equipment, rainwater  facilities, fire
extinguishing system and domestic hot water supply system, turning our attention to the plumbing system
as a whole of an office, and compared the electric power consumption (corresponding to CO2 emission)
when operating water system facilities.

����&DUERQ�'LR[LGH�(PLVVLRQV�LQ�2IILFH�:KHQ�&RQVWUXFWLQJ
Such a model building was selected in the calculation of carbon dioxide emissions when constructing.
The CO2 emission per weight was multiplied by the weight of each member. The same when operating
was calculated out from the operating time of each sanitary fixture. As the carbon dioxide emission per
weight we adopted the value proposed by the Committee for Global Environment of the Society of
Heating, Air-conditioning and Sanitary, which is based on the interindustry analysis in 1985 fiscal year.
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�����0RGHO�%XLOGLQJ

Shown below are the outlines of building construction and plumbing installations in the model building
of an office that formed the subject of our study.

*Outline of Building
          Use of building: Office with 5 stories and one basement
          Total floor area: 6090 m2

*Water Supply System
          Average water supply quantity/day: 60 m2

          Receiver tank/Gravity water tank: FRP
          Lift pump: 460 L/min
          Piping material: VLP
*Drainage equipment
          Sanitary sewage/waste water: Combined or separate
          Materials of drain pipe and vent pipe: CIP, SGP, double layer pipe, with sewage pump
*Rainwater facilities: Natural discharge, VP
*Fire equipment system: Indoor hydrant, SGP
*Sanitary fixtures: Water closet, urinal, wash basin
*Domestic hot water supply system: Electric water heater (30 L)

�����8VHIXO�/LIH

     The useful life of each region was assumed to be as follows:
VLP: 30 Years VP: 30 Years
SGP: 20 Years Electric water heater: 10 Years
CIP : 30 Years Lift/sewage pumps: 16 Years
Double layer pipe: 30 Years Water closet: 25 Years
Extinguishment pipe (SGP) : 25 Years Urinal: 30 Years
Receiver tank/Gravity water tank: 20 Years

�����&RXSOLQJ�-RLQW�IRU�)HHGHU�:DWHU�DQG�'UDLQ�3LSLQJ

The length of piping was calculated out assuming no coupling joint nor valve, as a rule.

�����&RPELQHG�&RQGLWLRQV�IRU�&DOFXODWLRQ

Table 1 shows the useful life and piping materials for feeder water, drain, rainwater and extinguishment
pipes.
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Table 1  Combination of Useful Life and Piping Materials
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RUN 1: Sanitary sewage/waste water separated. Sanitary sewage: CIP, SGP for others;

RUN 2: Sanitary sewage/waste water separated, Double layer pipe for any and all;
RUN 3: Sanitary sewage/waste water combined, CIP for any and all;

RUN 4: Sanitary sewage/waste water combined, SGP for any and all;
RUN 5: Sanitary sewage/waste water combined, Double layer pipe for any  and all;

�����5HVXOWV�RI�(VWLPDWLRQ

(1) CO2 emission per useful life accompanying the construction

1)  Feed water/drain piping - No coupling joint
a)  Feed water system
The CO2 emission is as below for each useful life with the receiver tank, gravity water tank, lift pump (2
units), and piping (46.5 m, 65 A). The total CO2 emission with the respective useful lifes amounts to
1266.77 kg/useful life.  As shown in Fig. 1 the 1266.77 kg - CO2/each useful life was broken down into
2.1% for vertical pipes, 0.7% for horizontal pipes, 62.2% for receiver tank, 17.6% for gravity water tank,
and 17.6% for lift pump. The water tanks occupying 79.8%, it was recognized that the CO2 emission
from piping is very little. The total CO2 emission at uniform 30 years is 819.68kg-CO2/useful life. This
was broken down into 3.3% for vertical pipes, 1.1% for horizontal pipes, 64.0% for receiver tank, 18.1%
for gravity water tank, and 13.5% for lift pump. The water tanks occupies 82.1%. The total CO2 emission
at uniform 30 years was lower than the numerical value as estimated for each service life.

����'UDLQDJH�6\VWHP

(i)  Piping separating sanitary sewage and waste water (distribution)
Our discussion included separate pipes for sanitary sewage and waste water, assuming three piping
materials: CIP, SGP and double layer pipe. The CO2 emission per useful life was calculated assuming
CIP and double layer pipes for soil pipe system and CIP, SGP and double layer pipes for waste water
system. Tables 2 and 3 show respectively the CO2 emissions for each useful life and that for uniform 30
years of useful life.
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Fig. 1  Breakdown of CO2 Emission in Feed Water System

Table 2 CO2 Emission in Each Useful Life (kg~CO2/useful life)
CIP DOUBLE LAYER PIPE SGP

Soil vertical pipe
Soil horizontal pipe
Waste vertical pipe
Waste horizontal pipe
Vertical vent(soil)
Horizontal vent(soil)
Vertical vent(waste)
Vertical vent(waste)

490.6
181.0

178.5

18.9

35.8

137.2
28.6
14.0
24.9
3.4
2.6
5.0
5.0

133.0
47.6

124.4
19.4
13.2
19.4
25.0

  DUBLE LAYER PIPE: fire-proof asbestos covered vinyl chloride pipe
(ii)  Single piping for soil pipe and waste water pipe (combined)
In the case of discharging together the combined sanitary sewage and waste water, Tables 4 and 5 shows
respectively the CO2 emissions for each useful life and uniform 30 years of useful life.

Table 3 CO2 Emission in Uniform 30 Useful Years(kg ~ CO2 /useful life)

CIP DOUBLE LAYER PIPE SGP
Soil vertical pipe
Soil horizontal pipe
Waste vertical pipe
Waste horizontal pipe
Vertical vent(soil)
Horizontal vent(soil)
Vertical vent(waste)
Vertical vent(waste)

490.6
181.0

178.5

18.9

35.8

137.2
28.6
14.0
24.9
3.4
2.6
5.0
5.0

133.0
47.6

124.4
19.4
13.2
19.4
25.0

Table 4 CO2 Emission in Each Useful Life(kg ~ CO2 /useful life)
CIP DOUBLE LAYER PIPE SGP

Drainage sack
Horizontal pipe
Vent stack
Branch vent pipe

490.6
294.1
20.3
54.7

137.2
53.5
3.4
7.6

486.7
212.3
19.4
38.1
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Table 5 CO2 Emission in Uniform 30 Years Useful Years(kg ~ CO2 /useful life)

CIP DOUBLE LAYER PIPE SGP
Drainage sack
Horizontal pipe
Vent stack
Branch vent pipe

318.5
247.5
13.5
36.5

137.2
53.5
3.4
7.6

316.0
207.6
12.9
25.2

2 Feed water and drainage piping with coupling joint
a)  Feed water system
It was recognized for each useful life that the CO2 emission is by 0.8% higher with the pipes provided
with GV, CV, flexible fittings, vibration-proof fittings, elbows and tees than that of straight pipes without
any coupling joint.

b)  Drainage system
In the case of separate piping for sanitary sewage and waste water, the CO2 emission increases by 3.4%
for soil pipe than that for straight pipe without any coupling joint, and CO2 emission increases by 5.7%
for waste pipe than that of the straight pipe without any coupling joint.

3)  Sanitary fixture
Assuming that the building as a whole has 16 urinals, 16 water closets, 20 wash basins, 5sinks for
cleaning, 5 kitchen sinks, and 20 bin cocks, the CO2 emission for each useful life has come to be 75.77
kg-CO2/useful life and 65.22 kg-CO2/useful life for 30 years of  uniform useful life.

4)  Rainwater facilities
The CO2 emission for rainwater vertical pipe plus rainwater pipe in the premises (both higher quality
material) resulted in 140 kg-CO2/useful life.

5)  Fire extinguishing system
Assuming SGP as the piping material, the calculation of CO2 emission from this system resulted in
103.1kg-CO2/useful life for each useful life and 50 kg-CO2/useful life for30 years of uniform useful life.
6)  Domestic hot water supply system
The calculation of CO2 emission from this system resulted in 28.7 kg-CO2/useful life for 10 years of
useful life and 9.6 kg-CO2/useful life for thirty years of useful life.

(2) CO2 emission per total floor area for useful life accompanying the construction

Fig. 2 shows the calculation results of CO2 emission per total floor are a accompanying the construction
against the useful life of each piping material including 5 types of drainage pipes. The conditions
including the Run 1 resulted in 0.416 kg-CO2/useful life/m2, those including the Run 2, 0.301 kg-
CO2/useful life/m2, those including the Run 3, 0.398 kg-CO2/useful life/m2, those including the Run 4,
0.398 kg-CO2/useful life/m2, and those including the Run 5, 0.298 kg-CO2/useful life/m2.  The Run 1 in
which separate sanitary sewage pipe and waste water pipe both made of CIP and SGP gave the highest
CO2 emission, while the Run 3 came next with combined sanitary sewage and waste water pipes in CIP.
Then came the Run 4 with SGP piping.  The Runs 2 and 5 containing the double layer pipes manifested
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the least numerical values. As shown in Fig. 2 the breakdown of these under the conditions including the
Run 1 resulted in: 51.4% for feed water system, 3.0% for sanitary fixtures, 34.9% for sanitary
sewage/waste water (vent) system, 5.7% for rain water system, 4.2% for extinguishment system, and
1.1% for hot water supply system. It was noted that the CO2 emission is especially plenty in feed water
system.

Fig. 2 CO2 Emission per Total Floor Area

2-6  Reduction in CO2 Emission
• The electric water heater should be as efficient as possible.
• Since the feed water system occupies 51.4% of the total CO2 emission when constructing, other

methodologies would have also to be taken into account.
• Because the CO2 emission depends largely on the method of drainage system, it is necessary to

consider most appropriate drainage system.

3.Electric Consumption (CO2 Emission) in Water System Facilities

There exist varied forms of water environments that surround the building.  Starting from the rain, there
come a series of flows, first of the rain that seeps into the soil to become the ground water, and then of
the water running out into the rivers, which will be collected and made potable.  The drinkable water will
then be distributed into the building, where it will be used and discharged.  Then, the water will be
treated to the extent that will not give any adverse effect on the surrounding environment.
We should necessarily utilize some energy to progress these processes. We should necessarily utilize
some energy to progress these processes. Fig.3 illustrates this flow of water. Turning our attention only to
the electricity in this long of water, we will elucidate how the energy has been used and propose some
measures to save energy.
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Fig. 3 Illustrates this flow of water.

3-1  Purification Facilities
According to the Water Supply Statistics in 1997, there are 15.492 units of purification facilities in Japan,
and the population supplied amounts to 121,291,000 persons, which results in 96.1% of dissemination
rate.The quantity of water used is converted into 389 L/person/day. Also according to the Water Supply
Statistics in 1997, the electric consumption reaches 7,864,550,242 kWh.  If it is divided by
16,546,766,000 m3 of clear water volume, the electric consumption for 1 m3 of water comes to be 0.475
kWh/m3 (0.24kg-CO2/m

3). We then attempted to compare with each other the slow sand filtration, rapid
sand filtration, and membrane filtration at the level of 10,000 m3/day. The electric consumption turned
out to be 8 kWh/day for the slow sand filtration, 170 kWh/day for the rapid sand filtration, and 1100
kWh/day for the membrane filtration.  From this it is clear that there are large differences seen between
and among the different filtrations.

3-2  Advanced Drinking Water Treatment System
From 1991 onward an extra-governmental body of the Ministry of Construction has performed individual
evaluation based on the Building Standard Law, which led to the installation of numerous facilities and
equipment as shown in Fig. 4.  Table 6 depicts the results of electric consumption studied on the basis of
the materials of an S Company. The subjects of electric consumption shall be supply pump, circulation
pump and lift pump. Calculating the comparison objects within the range of 1 to 7.5 m3/day, the electric
consumption resulted in19.33 to 30.82 kWh/m3(corresponding to 9.86 to 15.7 kg-CO2/m

3).
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Fig.4 Outline of Advanced water treatment system

           Table 6  Electric Consumption of Advanced Drinking Water Treatment System
DRINKING WATER VOLUME (m3/d) ELETRIC CONSUMPTION (kWh/m3)

1
1.5
3.75
5.0
7.5

30.82
30.82
26.21
19.66
19.33

3-3  Water Recycling System
The water recycling system includes three methods: individual, district and wide area circulations.
Installed as of the end of August 1997 were 1366 individual recycling systems (180,000 m3/d), 109
district systems (20,000 m3/d), and 627 (59 districts) wide area recycling systems (130,000 m3/d).  In this
study we discussed the individual recycling systems.  Table 7 indicates a standard treatment built up of
the respective processes of: screening → flow control tank → biological/physicochemical treatment →

disinfection. The biological/physicochemical treatment may roughly be divided into the following two:
biological treatment + sand filtration + disinfection, on the one hand, and biological treatment + UF
membrane treatment + disinfection, on the other.  The disinfection method includes the chlorination,
disinfection by ultraviolet light and concomitant use of ozone. Combining these, 6 types of standard
treatment flows and 5 types of treatment water volumes were designed to show their electric consumption
in Table 6.The method using the membrane treatment was compared with the biological treatment, which
revealed its electric consumption twice or larger that of the former.

3-4  Rainwater Facilities
Studied was a 4~story building of a junior high school with 2,332 m2 of roof area, 435 pupils and 26
teaching and clerical staff.  The yearly use volume of rain water is 3,100 m3, and the treatment flow of
rainwater is screening + grit chamber + storage tank + disinfection equipment.The operating time of the
lift pump was calculated out by dividing the yearly rainwater use volume by the power of life pump, and
the electric energy by multiplying the same by the motive power.  The resulting electric consumption was
0.25 kWh/m3 (corresponding to 0.13 kg-CO2/m

3).
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Table 7  Electric Consumption in Model Designing (kWh/m3)

Treatment 50 m /d 100 m /d 200 m /d 400 m /d 800 m /d
B+S+U
B+S+O
B+S+O
B+U+D
B+U+A+D
B+U+O

2.58
1.4
2.7
5.16
3.32
4.02

1.4
2.14
1.5
4.5
4.69
5.33

1.19
1.95
1.22
4.14
4.21
4.93

1.24
1.93
1.28
3.43
3.5

4.22

1.27
1.72
1.33
3.39
3.48
3.87

B: biological treatment S: sand filtration treatment  U: UFmenmbrane treatment  D: disinfection
(cloronation) A: activated carbon treatment

3-5  Building
The Building was designed as follows.  An office with 5 floors, total floor area: 6090 m2.  Water is
supplied from the gravity water tank, volume of water used: 60 m3/day, lift pump capacity: 428 L/min.
The drain tank system as adopted did separate the sanitary sewage from the waste water. The electric
consumption has thus come to be 0.687 kWh/m3.

3-6  Waste Water Facilities
According to the water supply statistics in 1997, the waste water facilities in Japan amounted to 1,438 in
number with population of 73,110,000 persons served, resulting in 58% of dissemination rate.  The
electric consumption at waste water facilities in 1997 reaches 5,304,383,000 kWh, and amounts to
5,840,241,000 kWh (0.47 kWh/m3, 0.24 kg of CO2/m

3) including the pumping stations.  The ratio to the
total electric consumption in Japan is 0.57% for waste water facilities and 0.63 % if the pumping stations
are to be included.  The electrical consumption is 0.46 times the sludge treatment cost, 0.22 timesthe
chemicals cost, and 1.5 times the fuel cost.

3-7  Johkasou System
As of 1994, there are 7.77 million units of johkasou system, 92.3% out of which are the flush toilet
wastewater treatment systems. The required power was assumed to be 0.04 kWh/m3 for up to 100 persons
served as flush toilet wastewater treatment system because there is no distinction between the flush toilet
wastewater treatment and the domestic wastewater one.  For the case with 101 or more persons, the
required power for the domestic waste water treatment system was assumed to be 0.08 kWh/m3. The total
electric consumption as assumed was calculated, which resulted in 0.81% of the total electric
consumption all over Japan that was consumed by the johkasou system.  The designing was made
assuming the provision of raw water pump for 10 m3/d or more in 20 mg/L of final effluent for 5 to 500
users for designing.  The electric consumption was min. 1.22 kWh/m2 (0.62 kg-CO2/m

3)
and max. 2.14 kWh/m3 (1.09 kg-CO2/m

3) as shown in Fig. 5.
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Fig. 5  Electric Consumption over 20 mg/L of Final Effluent of Johkasou System

3-8  Night Soil Treatment Facilities
With reduced night soil volume, the treatment volume has been decreasing little by little, as against the
johkasou system sludge which has been increasing. As for the number of facilities installed, the aerobic
treatment process has been reducing, while the standard denitrification process, denitrification-membrane
filtration high load process have been increasing. From two years ago the sludge recycling treatment
center has been implemented, and the whole situation of the treatment is about to change strikingly. In
the standard denitrification process, the electric consumption is 83 kWh/kL (42 kg-CO2/m

3) as the mean
value out of 63 investigated cases, while in the aerobic treatment process it is 31kWh/kL (m3) (16 kg-
CO2/m

3) as mean value out of 78 cases.

3-9  Reduction in Electric Consumption (CO2 Emission)
The current electric consumption has been shown in the unit per water volume for eight fields:
purification facilities, advanced drinking water treatment system, water recycling system, and rainwater
utilization facilities as well as plumbing system, wastewater facilities, johkasou system, and night soil
treatment facilities in the building.  Fig. 6 lists up these units.  The electric consumption of the advanced
drinking water treatment system ranges from 64.7 times (max.) to 40.7 times (min.) that of the
purification facilities, while that of water recycling system ranges from 7.6 times (max.) to 3.7 times
(min.) that of the purification facilities. The electric consumption in the rainwater utilization facilities
features 0.53 times.  The plumbing system in the building features 1.4 times of electric consumption over
that of purification facilities.  The electric power consumed at the facilities. At the johkasou system, the
electric consumption is 4.6 (max.) to 2.6 (min.) times wastewater facilities is of the same order as that of
the purification that at the wastewater facilities. In the night soil treatment facilities, the consumption of
electricity amounts to 176.6 times that at the wastewater facilities in their standard denitrification
process, and 660 times in the aerobic treatment process.

� Purification facilities:
Though the slow sand filtration is an ideal sand filtration, the contamination of the raw water for water
catchment should be controlled as far as possible so that as little as possible membrane treatment may be
required. Viewed from the cost standpoint, the repair cost is 2.4 times the power cost and chemicals  cost
0.18 times the power cost.  We think it necessary therefore to consider some other costs than electricity.
� Advanced drinking water treatment system:
The principal policy should be to make use of the purification facilities so that the quality of tap water
may not be reduced. The operating time of the advanced drinking water
treatment system shall be as short as possible.
� Water recycling system:
Though the electric consumption is larger than that of the purification facilities, its necessity has widely
been recognized from the viewpoint of the water demand.  However, higher efficiency of this system
should be taken into consideration because the membrane treatment requires more electricity.
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Fig.6 Electric Consumption in water System Facilities

� Rainwater utilization facilities:
Considered shall be such water catchment site that does not degrade the quality of catch water, simplified
treatment and such position of storage tank that does not require any motive power for displacement.
� Johkasou system:
Since the numerical value calculated out here does not include any sludge treatment, it would become
higher if it includes this treatment. Designing any good johkasou system would allow to exclude the
pump cistern for raw water.  It would be important to discuss the selection of individual treatment or
centralized one in the installation districts. In future, we would have to evaluate the feasibility of the
johkasou system in due connection with the night soil treatment facilities.
� Wastewater facilities:
They must make every possible effort for energy saving in the background where their dissemination rate
will go ever increasing.
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4.  Conclusion

The consideration of CO2 emission concerning the construction may curtail the environmental load
through the selection of the water supply method and piping materials. The reduction in CO2 emission
relating to the maintenance and administration will lead to some great effect in reducing the
environmental load in the water system facilities as a whole all through saving the water consumption in
any building. It has therefore been recognized that the consideration of CO2 emission may contribute to
the reduction of environmental load in the plumbing system.
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$EVWUDFW

The knowledege of water consumption in building sanitary appliances, or end use in the
north American terminology, is of paramount importance to establish decision take
models in water conservation programs. This is in an incipient degree in Brazil up to
now. Brazilian huge territorial extension, climatic differences, typical constructive
patterns and economic, social and cultural differences, point out in the direction of
obtaining segmented water consumption profiles.
In the process to determine typical consumption profile the methodology and techniques
involved in direct field measurement are very important, since activities use to be time-
consuming and related costs are considerable.
This article presents a methodology to analyse the flow rate trace, i.e. the flow
hydrogram, in order to obtain the participation of several sanitary appliances in the
water consumption. Previous knowledge of appliance discharge profile permits to
identify it in the general water consumption flow rate trace.
The generalised use of cisterns in building water installation in Brazil, implies in a
modified form of applying the technique. The building supplying pipe flow rate trace
analysis shall be complemented with the analysis of the reservoir derived pipe flow rate
trace.
The technique is described and pilot field measurements applied to bakeries in the
Metropolitan Region of  São Paulo, São Paulo State and residences in Juazeiro, Bahia
State, are presented. Measurement analysis permited to identify and quantify typical
flow rate traces of appliance discharges leading to the composition of total water
consumption through particular appliance incidences.

�� ,QWURGXFWLRQ

The knowledge of water consumption profile through sanitary appliances
incidence, or end use consumption as has been used to be termed in the USA, is an
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essential element in water conservation programs in order to establish strategies aiming
to rationalise and reduce water consumption in building installations. Furthermore, the
effectiveness of water conservation programs actions only is safely verified when data
referring water consumption incidence of sanitary appliances are available [1, 2].

Earlier literature presents the classic situation of appliance consumption in the
USA and Great Britain, where the toilet was responsible for the major proportion among
other appliances. As a consequence, an wide effort to reduce water consumption in that
appliance was promoted since 80’s beginning. This movement spread out to other
countries, although in some cases without a cost-effectiveness approach.

Water consumption profile through sanitary appliances incidence, aiming to
determine typical consumption profiles in buildings, has being object of experiments
and have been performed incorporating instrument based technologies. A classic
example of work in this field is the research in Malvern and Mansfield [3] in Great
Britain, where the field survey combined water meter measurements, user participation
in counting number of appliance use and typical measurement of appliance discharges.

Montenegro, 1986 [4] presents research carried out by IPT where specific
instrumentation for water meters were developed  with the intent of measuring total
building water consumption. Since middle 80’s IPT had been working with electronic
instrument development to measure consumption in sanitary appliances. This effort
permitted to get technology, i.e., instruments and methodology, to measure several
parameters of interest in sanitary appliances utilisation [5, 6, 7].

More recently (1996), DeOreo et al. [8], developed an analysis technique of the
building water consumption hydrogram to identify which and how certain appliances
were particularly used onto the general circumstance of continuous building water
utilisation. This technique makes use of statistical analysis of the hydrogram, i.e., the
curve given by (time x flow-rate), that has been termed as flow-rate trace or flow trace
[8]. The analysis of continuous flow-rate reading on the building supplying pipe,
obtained by water meter endowed with data logger, provides the identification and
quantification of previously known profiles referred to certain sanitary appliances.
Through this analysis the number of each appliance utilisation, during a certain period,
can be known.

In the flow-rate trace technique a statistic based software is used to analyse the
trace. The analysis encompasses a sequential flow-rate trace reading, selecting each
particular discharge profile previously measured for each sanitary appliance. This
procedure permits, on the end, to add every occurrence of the same type, i.e., to add
every typical appliance flow-rate trace. They can be presented as histograms and,
finally, to be presented as the incidence of the appliance in the global building
installation water consumption. Generalising it, the proportion of each appliance
participation in the global consumption, can be achieved.

A quite clear restriction to the flow-rate trace analysis technique employment is
the situation of simultaneous appliance utilisation. In this condition the typical flow-rate
traces of two or more appliances are indistinguishable. This is a limit of the technique
field application, but as shows DeOreo [8], the phenomenon is not pronounced in one-
family dwellings. Thus, in this case, the technique can be utilised.

Employment of appliance direct measurement consumption techniques is
conditioned by a series of factors, among which can be quoted:

� Building constructive characteristics;
� Water building installation characteristics;
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� Sanitary appliances and fixture types;
� Available measurement technologies in face of building installation and
constructive characteristics;
� Measurement costs;
� Problems pertaining to intrusive indoor interventions;
� Several other particular problems.
The advantages of the flow-rate trace analysis technique is promptly identified:

relatively simple measurement technology, relative lower cost, greater flexibility and
suitability for several types of sample installation measurement groups, among others.

Specific procedures to the flow-rate trace technique utilisation are necessary,
when considering Brazilian building installation peculiarities. Generally, in one or two
stored buildings, two combined water installation systems are present to distribute
water: a direct system, i.e., a installation where water come directly from the public
supply network to the sanitary appliances; an indirect system, i.e., a installation
endowed with a cistern from which one or more pipes conduct water to the sanitary
appliances.  The cistern is supplied with water from the public network and the water
level into it is controlled by a ball valve. In buildings with several stores the installation
is a bit more complex. Part of the appliances are supplied through direct installation, as
in the former case, up to two stores. As the water from the public water has not enough
pressure to reach the building cover in the case of several stores, a lower reservoir is
provided. This reservoir, supplied directly from the public network, has it water level
controlled through a ball valve. The water from the lower reservoir is pumped to the
building cover reservoir, from which one or more pipes derive water, by gravity, to
sanitary appliances below.

Taking into account this peculiarities it is evident the limitation of the flow-rate
trace analysis technique, since appliances are, in the direct and indirect combined
system, supplied by water coming directly from the mains and from the elevated
reservoir. Diversely of other countries where direct supplying system are more frequent,
in Brazil, in many cases, will be necessary the simultaneous analysis of flow-rate traces
from the pipe directed supplied and  from the pipe deriving from the elevated reservoir.
Even in this situation, the technique is less intrusive than others that require indoor
direct appliance instrumentation.

This article describes the application of the flow-rate trace technique in the
consumption profile of bakeries of the Metropolitan Region of São Paulo, São Paulo
State, Brazil south-east. These bakeries are typical small commerce establishment of
São Paulo Metropolitan areas. They make bread, serve sandwich, hot and cool
beverages, make other fast-food and sell  several other products for quick lunches. Also
are shown results from the application of the technique to one-floor residences in the
city of Juazeiro, Bahia State, Brazil north-east. In this case, residences with
consumption varying from 7 to 56 m3/month in two districts of the city, were measured.

�� )ORZ�5DWH�7UDFH�$QDO\VLV�7HFKQLTXH�DQG�5HVXOWV

The continuous consumption flow-rate trace diagrams obtained in the field
applications in São Paulo and Juazeiro were obtained using volumetric water meters,
where the rotation of a magnetic part provides a pulse for each water meter volumetric
camera turn. The signal is detected by a sensor that transmits it to a electronic register
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circuit that associates the signal to time. This provides a pair (signal, time) that is
recorded continuously. Since the signal is representative of a certain volume,
corresponding to a water-meter camera turn, it is possible to associate that volume to the
time between consecutive water-meter camera turns. Thus is promptly obtained the
flow-rate in time, i.e., the flow-rate trace, a pair (time, flow-rate).

In quoted applications, were used volumetric water-meter “C” class [9], 1.5 m3/h
of nominal flow-rate, with resolution of 0.1 L. The signal sensor detected and registered
the time departed between each pulse associated to the 0.1 L volume. The flow-rate
trace originated from these data acquisition resolutions, permitted to get necessary
parameters to identify the typical appliance discharge profile for each particular sanitary
appliance.

Each particular appliance discharge profile was identified according to one or
more of the following information approaching:

1. Interview and questionnaires applied to users searching appliances use time,
other habits and varied uses of sanitary appliances;

2. Appliance flow-rate trace characteristics, taking into account previous
knowledge of profile of each appliance;

3. Direct observation of consumption habits, registering time and duration of
use for each appliance;

4. Simulated use of each isolated appliance, acting as close to the real use as
possible – generally overnight – observing that no other appliance would be
used simultaneously. In the case of indirect water distribution systems (with
an elevated reservoir), the ball valve was verified to assure non occurrence of
flow through it.

First and second approach has shown more suitable to residential installations,
where the variability of use are not pronounced, nevertheless, in some cases, the fourth
approach has shown to be very effective when there is an easy access to the water
building installation. In the bakeries, were also performed previous audits in the water
installations, drawing the lay-out.

The typical flow-rate trace of appliance discharges affords the identification of
discharge duration, the flow-rate values during the discharge and, after data processing,
the discharge volume of each appliance. When suitable amplified, the trace provides
visual identification of to which appliance the profile refers, due to its geometric
characteristics, as well due to some of each characteristics values: duration time and
flow-rate values. Alternatively, the flow-rate trace typical appliance profile can be
determined in controlled laboratory measurements.

Figure 1 illustrates the flow-rate trace typical profile of lavatories and toilet
cistern in bakeries.

It shall be remembered that the flow-rate trace depends on water pressure in the
appliance. Pressure variation can change considerably the appliance profile. In the field
measurement this aspect was controlled. Water pressure measurement was performed
together with the flow-rate trace measurement, to detect any problem.

In the city of Juazeiro, pressure control was considered not to be important, since
that in the monitored districts there was not a historic variation of pressure values.

In the case of considerable water pressure variation, the trace profiles should be
associated with the pressure range variation during supplying.
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Water meters were installed in the building supplying pipe, derived from the
public water supply network. In the cases where the characteristics of elevated reservoir
required an extra water-mater, it was installed in the pipe deriving from the reservoir.

It shall be remarked that in the districts of Juazeiro city where the measurements
were carried on, almost all the appliances were supplied direct from the public supply
network. Elevated cisterns, in these case, have a subsidiary function, not important to
the measurements.

Toilet cistern

  lavatory

Figure 1 – Flow-rate trace typical profile of lavatories and toilet cisterns in bakeries.

 The identification of flow-rate trace of appliances served by pipes deriving from
the elevated cistern, required two types of procedures. In the first case the discharge
profile was inferred from the registered flow-rate trace measured at the pipe supplied
from the public network.  The inference is possible when the flow-rate trace
characteristic of the ball valve serving the cistern is altered through the effect of the use
of one appliance served by the elevated reservoir. In this case the reservoir acts as a
softening camera for the discharge trace. However, in many cases it is possible to
observe in the ball valve characteristic trace,  that has long duration, the occurrence of
an appliance discharge, through its known trace, over the ball valve trace. It shall also
be observed that this same procedure can be is applied to the discharge of appliances
served by the direct installation part, in a direct and indirect typical Brazilian system. It
should be remembered that in  this case the water meter and its instruments will be
registering simultaneously the directed served appliances functioning plus the flow
through the ball valve that serves the elevated cistern. In the latter case, obviously, it
will not be observed the reservoir softening effect, but only the appliance typical flow-
rate trace over the long trace of the ball valve.

In some cases, however, will not be possible to identify the appliance discharge
trace over the ball valve trace. This will occur, for example, when the appliance trace
appears excessively dumped over the ball valve trace. The phenomenon can be observed
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in large building reservoirs or when the water surface area into the reservoir is quite
large. In these conditions the water level  inside the reservoir will not change too much,
and, thus the effect in the ball valve trace will be not too pronounced.

In the depicted condition it was necessary to install another instrumented water
meter in the pipe deriving from the reservoir, serving other appliances below it.

In any of the remarked cases the condition of non simultaneous functioning shall
be verified. In most of the studied cases here presented this hypotheses was observed.

Used data loggers have inside batteries. The sets of volumetric water meter,
magnetic transmission equipment and electronic registers, have about 10 days of use
capacity. Data logger memory capacity are big enough for this period.

In the field measurements in Juazeiro and São Paulo the flow-rate traces
correspond to a 7 days data acquisition period. It comprises a week end so that
particular effects of these days can be diluted in the entire period.

Figure 2 presents the flow-rate trace of a typical residence in Juazeiro [10]
during a 7 days period of data acquisition and the identification of each water
consumption device.

Figure 2 Flow-rate trace of a residence of 20 m3 per month consumption, with the
identification of several water uses.

In the trace the use of common taps can be correlated to cloth washing and
garden taps. The higher peaks represent higher flowrate devices connected to the main
distribution net, in this case identified as showers, that in Juazeiro commonly uses cold
water and have high flowrates.

The water reservoir, in this consumer, is small and related to kitchen uses, toilet
and the bathroom basin tap. It can be also observed that there is a consumption
concentration in the afternoon, and that there shower is used every day, approximately
at the same time.

It can be observed by the consumption distribution,  that the trace identifies the
device and that some times is not totally possible correlate it to the water use. In Other

Shower and larger (garden) taps

traces of basin
and other smal
taps

traces due to
small toilet
reservoir distinguished

trace referring
to a Sunday
consumption
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words, by trace analysis it is possible to identify which device is been used but not if
this water is used to cook or to wash dishes, for example.

In figure 3 is presented the average consumption histogram for four residences
with monthly consumption varying from 17 up to 24 m3. It can be observed that most of
the water is consumed at intermediate flow rates, that confirms that the use of
reservoirs, that have characteristic low inlet flow rate, is mainly related to toilet uses and
for drinking water.

The identifiable consumption at flowrates over 400 L/h, shows that high flow
rate devices, as showers, spite this not frequent use, plays a significant role in the whole
water consumption.
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Figure 3 – Water consumption histogram of residences with monthly consumption from
17 up to 24 m3, in Juazeiro, Bahia .

Figure 4 presents the flow-rate trace of a bakery with direct and indirect water
distribution system [11]. Figure 5 shows the participation of several parts of a bakery in
the total consumption [11].
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Figure 4 – One day flow-rate trace of a bakery in São Paulo, showing the effect of the
cistern ball valve

Figure 5 – Water consumption proportion in a bakery in São Paulo according to
activicties

�� $QDO\VLV�RI�UHVXOWV

The indirect water distribution system, using the elevated building cistern, was
the preliminary doubt referred to the flow-rate trace use efficacy in the application to the
Brazilian practical cases. Field results, here presented, has shown that is possible to
incorporate the effect of the flow through the reservoir ball valve. Thus, apparent
problems in the technique use can be supplanted.

In some cases, however, the flow-rate traces of appliance discharges appear too
damped, requiring a complement in the original procedure. This is simply performed
getting the flow-rate trace in the pipe, or pipes, that deriving from the elevated cistern
serves the sanitary appliances below it.

The accuracy degree obtained is satisfactory and fulfil the necessity referred to
future works of determining the water use profile according to sanitary appliances
through field measurements. The accuracy and appropriateness are mainly due high
resolution  water meters and associated equipment availability. Also it is important the
extremely low data reading time of electronic registers and the reliability acquired in
manipulating data using statistic based software.

In the field measurement and further flow-rate trace technique application it was
possible to incorporate the participation of following appliances:  toilets discharged with
cisterns, toilets discharged with flush valves, registers and faucets associated with
several appliances (lavatory, kitchen sink, laundry, shower, filter, urinals and general
floor cleaning faucets). Besides, as its is clear from the above exposition, it was possible
to incorporate the reservoir ball valve role.
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�� )XUWKHU�ZRUN

The work continuity refers to a wide application field for the flow-rate trace
technique. It can be foresee applications in field measurements to establish water
consumption profiles as a powerful tool for water conservation programs; field
measurements aiming to establish the consumption parameterisation  of great water
consumers; field measurements to determine the undermetering in water meters, etc.
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$EVWUDFW

The knowledege of water consumption in building sanitary appliances, or end use in the
north American terminology, is of paramount importance to establish decision take
models in water conservation programs. This is in an incipient degree in Brazil up to
now. Brazilian huge territorial extension, climatic differences, typical constructive
patterns and economic, social and cultural differences, point out in the direction of
obtaining segmented water consumption profiles.
In the process to determine typical consumption profile the methodology and techniques
involved in direct field measurement are very important, since activities use to be time-
consuming and related costs are considerable.
This article presents a methodology to analyse the flow rate trace, i.e. the flow
hydrogram, in order to obtain the participation of several sanitary appliances in the
water consumption. Previous knowledge of appliance discharge profile permits to
identify it in the general water consumption flow rate trace.
The generalised use of cisterns in building water installation in Brazil, implies in a
modified form of applying the technique. The building supplying pipe flow rate trace
analysis shall be complemented with the analysis of the reservoir derived pipe flow rate
trace.
The technique is described and pilot field measurements applied to bakeries in the
Metropolitan Region of  São Paulo, São Paulo State and residences in Juazeiro, Bahia
State, are presented. Measurement analysis permited to identify and quantify typical
flow rate traces of appliance discharges leading to the composition of total water
consumption through particular appliance incidences.

�� ,QWURGXFWLRQ

The knowledge of water consumption profile through sanitary appliances
incidence, or end use consumption as has been used to be termed in the USA, is an
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essential element in water conservation programs in order to establish strategies aiming
to rationalise and reduce water consumption in building installations. Furthermore, the
effectiveness of water conservation programs actions only is safely verified when data
referring water consumption incidence of sanitary appliances are available [1, 2].

Earlier literature presents the classic situation of appliance consumption in the
USA and Great Britain, where the toilet was responsible for the major proportion among
other appliances. As a consequence, an wide effort to reduce water consumption in that
appliance was promoted since 80’s beginning. This movement spread out to other
countries, although in some cases without a cost-effectiveness approach.

Water consumption profile through sanitary appliances incidence, aiming to
determine typical consumption profiles in buildings, has being object of experiments
and have been performed incorporating instrument based technologies. A classic
example of work in this field is the research in Malvern and Mansfield [3] in Great
Britain, where the field survey combined water meter measurements, user participation
in counting number of appliance use and typical measurement of appliance discharges.

Montenegro, 1986 [4] presents research carried out by IPT where specific
instrumentation for water meters were developed  with the intent of measuring total
building water consumption. Since middle 80’s IPT had been working with electronic
instrument development to measure consumption in sanitary appliances. This effort
permitted to get technology, i.e., instruments and methodology, to measure several
parameters of interest in sanitary appliances utilisation [5, 6, 7].

More recently (1996), DeOreo et al. [8], developed an analysis technique of the
building water consumption hydrogram to identify which and how certain appliances
were particularly used onto the general circumstance of continuous building water
utilisation. This technique makes use of statistical analysis of the hydrogram, i.e., the
curve given by (time x flow-rate), that has been termed as flow-rate trace or flow trace
[8]. The analysis of continuous flow-rate reading on the building supplying pipe,
obtained by water meter endowed with data logger, provides the identification and
quantification of previously known profiles referred to certain sanitary appliances.
Through this analysis the number of each appliance utilisation, during a certain period,
can be known.

In the flow-rate trace technique a statistic based software is used to analyse the
trace. The analysis encompasses a sequential flow-rate trace reading, selecting each
particular discharge profile previously measured for each sanitary appliance. This
procedure permits, on the end, to add every occurrence of the same type, i.e., to add
every typical appliance flow-rate trace. They can be presented as histograms and,
finally, to be presented as the incidence of the appliance in the global building
installation water consumption. Generalising it, the proportion of each appliance
participation in the global consumption, can be achieved.

A quite clear restriction to the flow-rate trace analysis technique employment is
the situation of simultaneous appliance utilisation. In this condition the typical flow-rate
traces of two or more appliances are indistinguishable. This is a limit of the technique
field application, but as shows DeOreo [8], the phenomenon is not pronounced in one-
family dwellings. Thus, in this case, the technique can be utilised.

Employment of appliance direct measurement consumption techniques is
conditioned by a series of factors, among which can be quoted:

� Building constructive characteristics;
� Water building installation characteristics;
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� Sanitary appliances and fixture types;
� Available measurement technologies in face of building installation and
constructive characteristics;
� Measurement costs;
� Problems pertaining to intrusive indoor interventions;
� Several other particular problems.
The advantages of the flow-rate trace analysis technique is promptly identified:

relatively simple measurement technology, relative lower cost, greater flexibility and
suitability for several types of sample installation measurement groups, among others.

Specific procedures to the flow-rate trace technique utilisation are necessary,
when considering Brazilian building installation peculiarities. Generally, in one or two
stored buildings, two combined water installation systems are present to distribute
water: a direct system, i.e., a installation where water come directly from the public
supply network to the sanitary appliances; an indirect system, i.e., a installation
endowed with a cistern from which one or more pipes conduct water to the sanitary
appliances.  The cistern is supplied with water from the public network and the water
level into it is controlled by a ball valve. In buildings with several stores the installation
is a bit more complex. Part of the appliances are supplied through direct installation, as
in the former case, up to two stores. As the water from the public water has not enough
pressure to reach the building cover in the case of several stores, a lower reservoir is
provided. This reservoir, supplied directly from the public network, has it water level
controlled through a ball valve. The water from the lower reservoir is pumped to the
building cover reservoir, from which one or more pipes derive water, by gravity, to
sanitary appliances below.

Taking into account this peculiarities it is evident the limitation of the flow-rate
trace analysis technique, since appliances are, in the direct and indirect combined
system, supplied by water coming directly from the mains and from the elevated
reservoir. Diversely of other countries where direct supplying system are more frequent,
in Brazil, in many cases, will be necessary the simultaneous analysis of flow-rate traces
from the pipe directed supplied and  from the pipe deriving from the elevated reservoir.
Even in this situation, the technique is less intrusive than others that require indoor
direct appliance instrumentation.

This article describes the application of the flow-rate trace technique in the
consumption profile of bakeries of the Metropolitan Region of São Paulo, São Paulo
State, Brazil south-east. These bakeries are typical small commerce establishment of
São Paulo Metropolitan areas. They make bread, serve sandwich, hot and cool
beverages, make other fast-food and sell  several other products for quick lunches. Also
are shown results from the application of the technique to one-floor residences in the
city of Juazeiro, Bahia State, Brazil north-east. In this case, residences with
consumption varying from 7 to 56 m3/month in two districts of the city, were measured.

�� )ORZ�5DWH�7UDFH�$QDO\VLV�7HFKQLTXH�DQG�5HVXOWV

The continuous consumption flow-rate trace diagrams obtained in the field
applications in São Paulo and Juazeiro were obtained using volumetric water meters,
where the rotation of a magnetic part provides a pulse for each water meter volumetric
camera turn. The signal is detected by a sensor that transmits it to a electronic register
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circuit that associates the signal to time. This provides a pair (signal, time) that is
recorded continuously. Since the signal is representative of a certain volume,
corresponding to a water-meter camera turn, it is possible to associate that volume to the
time between consecutive water-meter camera turns. Thus is promptly obtained the
flow-rate in time, i.e., the flow-rate trace, a pair (time, flow-rate).

In quoted applications, were used volumetric water-meter “C” class [9], 1.5 m3/h
of nominal flow-rate, with resolution of 0.1 L. The signal sensor detected and registered
the time departed between each pulse associated to the 0.1 L volume. The flow-rate
trace originated from these data acquisition resolutions, permitted to get necessary
parameters to identify the typical appliance discharge profile for each particular sanitary
appliance.

Each particular appliance discharge profile was identified according to one or
more of the following information approaching:

1. Interview and questionnaires applied to users searching appliances use time,
other habits and varied uses of sanitary appliances;

2. Appliance flow-rate trace characteristics, taking into account previous
knowledge of profile of each appliance;

3. Direct observation of consumption habits, registering time and duration of
use for each appliance;

4. Simulated use of each isolated appliance, acting as close to the real use as
possible – generally overnight – observing that no other appliance would be
used simultaneously. In the case of indirect water distribution systems (with
an elevated reservoir), the ball valve was verified to assure non occurrence of
flow through it.

First and second approach has shown more suitable to residential installations,
where the variability of use are not pronounced, nevertheless, in some cases, the fourth
approach has shown to be very effective when there is an easy access to the water
building installation. In the bakeries, were also performed previous audits in the water
installations, drawing the lay-out.

The typical flow-rate trace of appliance discharges affords the identification of
discharge duration, the flow-rate values during the discharge and, after data processing,
the discharge volume of each appliance. When suitable amplified, the trace provides
visual identification of to which appliance the profile refers, due to its geometric
characteristics, as well due to some of each characteristics values: duration time and
flow-rate values. Alternatively, the flow-rate trace typical appliance profile can be
determined in controlled laboratory measurements.

Figure 1 illustrates the flow-rate trace typical profile of lavatories and toilet
cistern in bakeries.

It shall be remembered that the flow-rate trace depends on water pressure in the
appliance. Pressure variation can change considerably the appliance profile. In the field
measurement this aspect was controlled. Water pressure measurement was performed
together with the flow-rate trace measurement, to detect any problem.

In the city of Juazeiro, pressure control was considered not to be important, since
that in the monitored districts there was not a historic variation of pressure values.

In the case of considerable water pressure variation, the trace profiles should be
associated with the pressure range variation during supplying.
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Water meters were installed in the building supplying pipe, derived from the
public water supply network. In the cases where the characteristics of elevated reservoir
required an extra water-mater, it was installed in the pipe deriving from the reservoir.

It shall be remarked that in the districts of Juazeiro city where the measurements
were carried on, almost all the appliances were supplied direct from the public supply
network. Elevated cisterns, in these case, have a subsidiary function, not important to
the measurements.

Toilet cistern

  lavatory

Figure 1 – Flow-rate trace typical profile of lavatories and toilet cisterns in bakeries.

 The identification of flow-rate trace of appliances served by pipes deriving from
the elevated cistern, required two types of procedures. In the first case the discharge
profile was inferred from the registered flow-rate trace measured at the pipe supplied
from the public network.  The inference is possible when the flow-rate trace
characteristic of the ball valve serving the cistern is altered through the effect of the use
of one appliance served by the elevated reservoir. In this case the reservoir acts as a
softening camera for the discharge trace. However, in many cases it is possible to
observe in the ball valve characteristic trace,  that has long duration, the occurrence of
an appliance discharge, through its known trace, over the ball valve trace. It shall also
be observed that this same procedure can be is applied to the discharge of appliances
served by the direct installation part, in a direct and indirect typical Brazilian system. It
should be remembered that in  this case the water meter and its instruments will be
registering simultaneously the directed served appliances functioning plus the flow
through the ball valve that serves the elevated cistern. In the latter case, obviously, it
will not be observed the reservoir softening effect, but only the appliance typical flow-
rate trace over the long trace of the ball valve.

In some cases, however, will not be possible to identify the appliance discharge
trace over the ball valve trace. This will occur, for example, when the appliance trace
appears excessively dumped over the ball valve trace. The phenomenon can be observed
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in large building reservoirs or when the water surface area into the reservoir is quite
large. In these conditions the water level  inside the reservoir will not change too much,
and, thus the effect in the ball valve trace will be not too pronounced.

In the depicted condition it was necessary to install another instrumented water
meter in the pipe deriving from the reservoir, serving other appliances below it.

In any of the remarked cases the condition of non simultaneous functioning shall
be verified. In most of the studied cases here presented this hypotheses was observed.

Used data loggers have inside batteries. The sets of volumetric water meter,
magnetic transmission equipment and electronic registers, have about 10 days of use
capacity. Data logger memory capacity are big enough for this period.

In the field measurements in Juazeiro and São Paulo the flow-rate traces
correspond to a 7 days data acquisition period. It comprises a week end so that
particular effects of these days can be diluted in the entire period.

Figure 2 presents the flow-rate trace of a typical residence in Juazeiro [10]
during a 7 days period of data acquisition and the identification of each water
consumption device.

Figure 2 Flow-rate trace of a residence of 20 m3 per month consumption, with the
identification of several water uses.

In the trace the use of common taps can be correlated to cloth washing and
garden taps. The higher peaks represent higher flowrate devices connected to the main
distribution net, in this case identified as showers, that in Juazeiro commonly uses cold
water and have high flowrates.

The water reservoir, in this consumer, is small and related to kitchen uses, toilet
and the bathroom basin tap. It can be also observed that there is a consumption
concentration in the afternoon, and that there shower is used every day, approximately
at the same time.

It can be observed by the consumption distribution,  that the trace identifies the
device and that some times is not totally possible correlate it to the water use. In Other

Shower and larger (garden) taps

traces of basin
and other smal
taps

traces due to
small toilet
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words, by trace analysis it is possible to identify which device is been used but not if
this water is used to cook or to wash dishes, for example.

In figure 3 is presented the average consumption histogram for four residences
with monthly consumption varying from 17 up to 24 m3. It can be observed that most of
the water is consumed at intermediate flow rates, that confirms that the use of
reservoirs, that have characteristic low inlet flow rate, is mainly related to toilet uses and
for drinking water.

The identifiable consumption at flowrates over 400 L/h, shows that high flow
rate devices, as showers, spite this not frequent use, plays a significant role in the whole
water consumption.
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Figure 3 – Water consumption histogram of residences with monthly consumption from
17 up to 24 m3, in Juazeiro, Bahia .

Figure 4 presents the flow-rate trace of a bakery with direct and indirect water
distribution system [11]. Figure 5 shows the participation of several parts of a bakery in
the total consumption [11].
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Figure 4 – One day flow-rate trace of a bakery in São Paulo, showing the effect of the
cistern ball valve

Figure 5 – Water consumption proportion in a bakery in São Paulo according to
activicties

�� $QDO\VLV�RI�UHVXOWV

The indirect water distribution system, using the elevated building cistern, was
the preliminary doubt referred to the flow-rate trace use efficacy in the application to the
Brazilian practical cases. Field results, here presented, has shown that is possible to
incorporate the effect of the flow through the reservoir ball valve. Thus, apparent
problems in the technique use can be supplanted.

In some cases, however, the flow-rate traces of appliance discharges appear too
damped, requiring a complement in the original procedure. This is simply performed
getting the flow-rate trace in the pipe, or pipes, that deriving from the elevated cistern
serves the sanitary appliances below it.

The accuracy degree obtained is satisfactory and fulfil the necessity referred to
future works of determining the water use profile according to sanitary appliances
through field measurements. The accuracy and appropriateness are mainly due high
resolution  water meters and associated equipment availability. Also it is important the
extremely low data reading time of electronic registers and the reliability acquired in
manipulating data using statistic based software.

In the field measurement and further flow-rate trace technique application it was
possible to incorporate the participation of following appliances:  toilets discharged with
cisterns, toilets discharged with flush valves, registers and faucets associated with
several appliances (lavatory, kitchen sink, laundry, shower, filter, urinals and general
floor cleaning faucets). Besides, as its is clear from the above exposition, it was possible
to incorporate the reservoir ball valve role.
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�� )XUWKHU�ZRUN

The work continuity refers to a wide application field for the flow-rate trace
technique. It can be foresee applications in field measurements to establish water
consumption profiles as a powerful tool for water conservation programs; field
measurements aiming to establish the consumption parameterisation  of great water
consumers; field measurements to determine the undermetering in water meters, etc.
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$EVWUDFW

Concerning water availability, Brazil is a privileged country since it has about 15% of
the total fresh water in the world. But the south and southeast regions, that are
responsible for the major consumption, have only 12 percent of this total. The Federal
Government (Ministry of Planning and Budget) launched, in March 1998, the National
Plan against waste of water (PNCDA), which contemplates two levels of actuation:
meso (water and drainage public systems) and micro (building and communitarian
systems). Also in 1998 the Federal Government launched the National Program of
Quality and Productivity of residence construction (PBQP-H), whose purpose is going
against the construction materials (including building systems components). Inside the
PBQP-H, there is the Sectorial Program of vitreous china plumbing fixtures, which has
a specific goal concerning water closets (and discharge appliances) in such a way that
until 2000 the discharge volume of the toilets that will be manufactured is limited to
9 liters and until 2002 it will be approximately 6 liters. This paper presents the study
that has been developed to define the volume that will be used in Brazilian water
closets, the functional performance requirements and test methods. The study
contemplates laboratory and field investigation. In the laboratory, some tests have been
done to define the discharge volumes for Brazilian systems. In the field investigation,
the water consumption and the performance of twenty-four low flush water closets have
been monitored in low-income houses.

.H\ZRUGV

Low flush toilets; water conservation, water closets.
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Concerning water availability, Brazil is a privileged country since it has about 15% of
the total fresh water in the world. But the south and Southeast regions, that are
responsible for the major consumption, have only 12% of this total.
The Federal Government (Ministry of Planning and Budget) launched, in March 1998,
the National Plan against waste of water (PNCDA), whose general objective is: "to
promote the water rational use for public supply in Brazilian cities, in benefit of public
health; environmental sanitation and services efficiency, leading to better productivity
of the existent assets and postponing the investments for system expansion"
(MPO/SEPURB-PNCDA,1998).
Also in 1998 the Federal Government launched the National Program of Quality and
Productivity of residence construction -PBQP-H (MPO/SEPURB-PBQP,1998), whose
purpose is going against the non-conformity of the construction materials (including
building systems components).Inside the PBQP-H there is the Sectorial Program of
vitreous china plumbing fixtures, which has a specific goal concerning toilets (and
discharge appliances) in such a way that, until 2000 the discharge volume of the toilets
that will be manufactured is limited to 9 liters and, until 2002 it will be approximately 6
liters.
Inserted in this Program, a study has been developed for determining the adequate
volume for Brazilian low flush toilets since March 1999.
This paper presents the methodology and preliminary results of this study, which
contemplates laboratory and field investigations and had been developed by researchers
from two Universities of Sao Paulo State and the vitreous china fixtures manufacturers.

��/DERUDWRU\�,QYHVWLJD WLRQ

In Brazil, there are technical standards to evaluate toilet performance with different
types of media (ABNT, 1997a, 1997b). These tests and evaluation criteria are based on
ASME (1998) which is currently under examination.
However test procedures are similar in both standards: pressure and flow rates are
different, since Brazilian cold water building systems are essentially indirect, with one
or more elevated reservoirs.
Also, Brazilian water closets can be supplied with three types of discharge devices:
valve, close-coupled and elevated tanks (see Figure 1). Pressure and flow rates for
functional performance tests of the toilets are established by discharge devices standards
(ABNT, 1991a, 1991b, 1993a, 1993b).
Brazilian standards contemplate the following tests: waste removal (polypropylene
balls, toilet paper), surface wash (ink test), water change (dye test), trap seal restoration,
seat fouling test, transport test (with polypropylene balls), back pressure resistance of
trap seal.
As in the USA, the advent of low flush toilets, with unique and distinct hydraulic
(flushing) characteristics, as shown in ILHA; KONEN (2000) mandated change in the
methodology for measuring functional performance of these fixtures.
Inserted in this context, a laboratory investigation has been conducted, with help of the
Stevens Institute of Technology, Hoboken, NJ, USA, which has developed a series of
studies concerning water closets performance evaluation.
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Pressure and flow rates used for the tests are shown in Table 1. Laboratory setup is
shown in Figure 2.

close-coupled with elevated tank valve operated

)LJXUH�����%UD]LOLDQ�ZDWHU�FORVHWV�

7DEOH����3UHVVXUHV�DQG�IORZ�UDWHV�XVHG�IRU�%UD]LOLDQ�ZDWHU�FORVHWV�WHVWV�

)ORZ�UDWH��O�V� '\QDPLF�3UHVVXUH��N3D�:&��IOXVKLQJ�GHYLFH

��� ��� ��� ���

with elevated tank 0,19 0,10 60 15

Close-coupled 0,19 0,10 60 20

Valve operated 1,50 1,50 100 12
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)LJXUH�����/DERUDWRU\�VHWXS�

Brazilian low flush toilets have been tested with mixed media with neutrally buoyant
wastes (sponges (S) and Kraft paper (P)), based on Stevens Institute experience, which
has shown that "polyurethane sponges behave in an acceptable manner and provide a
reasonable simulation of waste material. The addition of Kraft paper results in a mixed
media even more representative of actual use" (ILHA, KONEN, 2000).
Media characterization and test procedure is explained in the following item.
Also, the following test has been done: waste removal (polypropylene balls) and
transport test (sponges and polypropylene balls).

����0L[HG�0HGLD�ZLWK�1HXWUDOO\�%XR\DQW�:DVWHV�7HVW

Test Media 6\QWKHWLF�RSHQ�FHOO�SRO\XUHWKDQH�VSRQJHV, white, 20 X 20 (+/-1) X 57 (+/-
3) mm having a density of 17 (+/-1.7) kg/m3 when new.
.UDIW�DQWL�WDUQLVK�SDSHU, 7.5 X 6 inches 15 pound, 486 sheets to the ream. Crinkle
each of the required number of sheets between the palms of hands to form the required
number of balls approximately one (1) to two (2) inches in diameter. Hold the paper
balls under the water for three (3) to five (5) seconds to saturate the medium before each
test run.
Four units (two close-coupled and two for valve and/or elevated tank) of seven
Brazilian manufacturers were tested with the following testing loads: 10S & 6P (Test 1),
15S & 10P (Test 2), 15S & 15P (Test 3), 12S & 10P (Test 4), 7S & 4P (Test 5).
Test 1 was discarded afterwards, since it was considered too light. Test 4, which was
established based on results of other tests, was not done with all fixtures.

2.1.1 Procedure
Place the required number of new conditioned sponges in the test bowl and squeeze
them under water to remove air, saturating the media. The sponges should be floating
with the top of each sponge even with the water surface. Slowly refill the well with
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water to ensure a full depth of seal. Drop the paper balls into the well, and flush the unit.
The actuator shall be depressed and held for one (1) second. After the flush cycle is
completed, count and record the number of sponges and paper balls discharged through
the fixture (adapted from STEVENS INSTITUTE OF TECHNOLOGY, 1999).

2.1.2 Results
Criteria for acceptance of the water closets are not yet defined, since field results are
being now analyzed and need to be compared with those obtained in the laboratory.
Results of four test loads for all types of water closets and discharge devices are shown
in Figures 4 to 6. Table 2 shows averages of percentages of total loads extracted in each
first flush (the worst of five results was discarded for calculating the averages).

7DEOH�����3HUFHQWDJHV�RI�WRWDO�ORDGV�H[WUDFWHG�LQ�ILUVW�IOXVK��IRXU�EHVW�UHVXOWV��

:DWHU�&ORVHW���IOXVK�GHYLFH�W\SH7HVW 6SRQJHV�	�.UDIW
SDSHU ZLWK�HOHYDWHG

WDQN
&ORVH�
FRXSOHG

9DOYH�RSHUDWHG

1 10S&6P 87.5 80.6 91.3

2 15S&10P 71.6 52.8 73.2

3 15S&15P 61.3 35.7 63.7

4 12S&10P 74.5 --- 85.0

:$7(5�&/26(76�:,7+�(/(9$7('�7$1.
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����3RO\SURS\OHQH�%DOOV�7HV W
The procedure of this test is contemplated in ABNT (1997a, 1997b) and it is similar to
ASME procedure.
Figure 6 shows results obtained in this test for Brazilian water closets.
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��)LHOG�,QYHVWLJDWLRQ

Field investigation was composed by measurement of consumed volume in water
closets and total water consumption in brand new low-income houses.
The monitoring was completed in two phases. In the first phase, conventional water
closets (9 and 12 liters) were installed in 18 homes and low flush water closets (6 liters)
were installed in 6 homes. Total and water closet water consumption was monitored and
these data were used to determine the number of single and double flushes, ratio
between total and water closet volume and savings.



D10 8/13

Phase two contemplated conventional water closets replacement by saver ones in 12
homes. The fixtures models tested in laboratory investigation were the same in the field
investigation, but the units were different.
Questionnaire was used for survey users’ opinion in both phases.
Figure 7 shows measurement plant outside homes. Two electronic water meters were
installed in each home, one for total water consumption and the other for WC
consumption. A computer was installed in the construction warehouse.
Inside cold water systems are shown in Figure 8.

)LJXUH�����)LHOG�LQYHVWLJDWLRQ���0HDVXUHPHQW�SODQW�

)LJXUH�����,QVLGH�FROG�ZDWHU�V\VWHPV���$��FORVH�FRXSOHG�:&���%��ZLWK�HOHYDWHG
WDQN�:&�DQG��&��YDOYH�RSHUDWHG�:&�

����5HVXOWV�DQG�$QDO\VLV
Results of questionnaire application (phases 1 and 2) are shown in Table 3. User’s rating
on new toilets is shown in Figure 9.
Table 4 shows results of total and WC average water consumption (phases 1 and 2)
besides of average number of flushes.
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7DEOH����5HVXOWV�RI�TXHVWLRQQDLUH�DSSOLFDWLRQ�

Clogs
Needs

2nd

flush

2nd flush aim Stains
removal

Bad smell
inside

bathroom

Lower
trap sealHome Phase WC

type
N S A N S A Clog Waste

removal
Surface
washing

A N 2nd

flush
N S A N S A

Q-01 1 CC x x x x x

2 x x x x x x x

Q-02 1 CC x x x x x

2 x x x x x x

Q-03 1 CC x x x x x x

2 x x x x x x

Q-05 1 CC x x x x x

2 x x x x x

Q-06 1 CC x x x x x

2 x x x x x

Q-07 1 ET x x x x x x

2 x x x x x

Q-09 1 ET x x x x x

2 x x x x x

Q-12 1 V x x x x x

2 x x x x x

Q-34 1 ET x x x x x

2 x x x x x x x

CC - close-coupled WC, ET - WC with elevated tank, V - valve operated WC,
       N - never, S - sometimes, A - always
       Phase 1 - conventional WC, Phase 2 - low flush WC

3KDVH�����&RQYHQWLRQDO�ZDWHU�FORVHWV�����XQLWV�
8VHU
V�UDWLQJ�RQ�QHZ�WRLOHW�

9HU\�VDWLVILHG
���

6DWLVILHG
���

'LVVDWLVILHG
��

3KDVH�����/RZ�IOXVK�ZDWHU�FORVHWV�����XQLWV�
8VHU
V�UDWLQJ�RQ�QHZ�WRLOHW

9HU\�VDWLVILHG
����

6DWLVILHG
���

3KDVH�����/RZ�IOXVK�ZDWHU�FORVHWV�����XQLWV��
8VHUV
�UDWLQJ�RQ�QHZ�WRLOHW

'LVVDWLVILHG�
���

YHU\
VDWLVILHG

���

6DWLVILHG
���

YHU\�
GLVVDWLVILHG

����

3KDVH�����/RZ�IOXVK�ZDWHU�FORVHWV�����XQLWV�
8VHUV
�UDWLQJ�RQ�QHZ�WRLOHW�FRPSDUHG�WR�ROG�WRLOHW

VDPH
���

EDG
����

EHWWHU
���

WRR�PXFK�EHWWHU
���

WRR�PXFK�EDG
���

)LJXUH�����8VHUV
�UDWLQJ�RQ�QHZ�WRLOHWV���3KDVHV���DQG���
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Questionnaire data analysis indicates that, after water closet change (Phase 2):
- There were clogs only in one home,
- Second flush was related in three homes, basically due to surface washing problems,
- Just two low flush WC were considered dissatisfactory or very dissatisfactory.
For low flush WC installed on Phase 1:
- There were no clogs,
- Approximately 66.7% of the users said second flush is necessary, basically due to

surface washing problems,
- Users rating: 83.3% satisfied and 16.7 very dissatisfied.
Table 4 shows consumption monitoring data analysis for phases 1 and 2.

7DEOH�����0RQLWRULQJ�GDWD�DQDO\VLV�IRU�ORZ�IOXVK�WRLOHWV�

Phase 1

Conventional WC
9 and 12 liters

Low flush WC
6 liters

Week days Weekends
and holidays

Week days Weekends
and holidays

AVG CV(1)

���

AVG CV
���

AVG CV
���

AVG CV

���

Total water consumption
(m3/day)

����
WR
����

����
WR
����

����
WR
����

�����
WR

�����

����
WR
����

����
WR
����

����
WR
����

����
WR
����

WC water consumption
(m3/day)

����
WR
����

����
WR

�����

����
WR
����

����
WR
����

����
WR
����

����
WR
����

����
WR
����

����
WR

�����

Number of double
flushes/day

����
WR
����

����
WR

�����

���
WR
���

����
WR

�����

����
WR
����

����
WR

�����

����
WR
����

����
WR

�����

Low flush WC - phases 1 and 2(2),(3)

Week days Weekends and holidays

AVG CV
���

AVG CV
���

Total water consumption
(m3/day)

�����WR����� ������WR������ �����WR����� ������WR������

WC water consumption

(m3/day)

�����WR����� ������WR������� �����WR����� �����WR�����

Number of double
flushes/day

�����WR����� ������WR������� �����WR����� �����WR������

Notes: (3)  CV – coefficient of variation = (standard deviation/average) * 100
(2) These data contemplate low flush WC installed since phase 1 and those installed only in phase 2.
(3) One home was discharged of this analysis, because there was extremely low number of flushes,
    indicating long periods (days) with no people at home

Figure 10 shows total and water closet consumption for those homes where toilets were
changed, from phase 1 to 2 (conventional to low flush WC).
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)LJXUH������$YHUDJH�RI�WRWDO�DQG�:&�ZDWHU�FRQVXPSWLRQ�DQG�DYHUDJH
�������������������������QXPEHU�RI�GRXEOH�IOXVKHV���3KDVHV���DQG���

Water closet daily consumption decreased in 73% of the homes after toilets changing,
both for weekdays (18.4 to 61.5%) or weekends and holidays (30.8 to 56.1%).
In two homes, WC consumption stayed the same after toilet changing for weekdays. For
weekends and holidays, the water consumption increased about 29.8 % in one home and
decreased about 16.8% in another one.
Total daily water consumption increased in 55% of the homes for weekdays (increasing
from 2.6 to 42.4%). For the others days, 18% of the homes had higher total water
consumption when compared with old toilet (increasing from 15.0 to 26.1%).
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For 45% of the homes (weekdays) or 82% (weekends and holidays), total water
consumption decreased from 6.2 to 54.5% and from 1.4 to 39.4%, respectively.
The number of double flushes increased in 55% of the homes (weekdays), for different
flushing devices. For weekends and holidays, double flushes number increased in 45%
of the homes.
Table 5 shows total water consumption and WC consumption ratio for both phases.

7DEOH�����*HQHUDO�FRPSDULVRQ��3KDVHV���H���

WC type WC consumption/total consumption
(%)

Home

3KDVH�� 3KDVH� 3KDVH�� 3KDVH��
Q-01 Conventional Low flush 28.49 20.63

Q-02 Conventional Low flush 39.61 26.13
Q-03 Conventional Low flush 20.63 19.15
Q-04* Low flush Low flush 25.08 16.08

Q-05 Conventional Low flush 27.70 16.91
Q-06 Conventional Low flush 19.35 11.56
Q-07 Conventional Low flush 18.97 11.31

Q-09 Conventional Low flush 14.88 11.25
Q-10 Conventional Low flush 31.90 28.40
Q-11 Low flush Low flush 21.00 21.87

Q-12* Conventional Low flush 44.06 31.97
Q-14* Conventional Conventional 42.18 37.61
Q-15 Low flush Low flush 23.19 21.95

Q-16 Low flush Low flush 12.06 11.82
Q-18 Conventional Conventional 27.89 28.04
Q-34 Conventional Low flush 29.31 31.24

Q-35 Low flush Low flush 15.20 13.67
Q-36 Low flush Low flush 23.59 16.54

* These homes have one or more clothes washing machines

It can be shown that WC consumption participation on total water consumption
decreased in 80% of the homes where conventional toilets were changed by saver ones.
In two homes, where low flush toilets were installed since phase 1, there was great
decreasing in this ratio, which may be indicating an adaptation of the user with the
toilet.
Finally, the percentage of WC consumption compared with total water consumption was
practically the same for 66.7% of the homes.

��&RQFOXVLRQ

Questionnaire data compared with consumption monitoring indicate that when problems
are frequent, users know and relate them, when asked. In this case, data from
questionnaire and from consumption monitoring are coherent.
However, if the problems are not frequent, users do not say anything and, in this case,
consumption monitoring can show double flushes.
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Inserted in this context, data from questionnaire always have to be analyzed with criteria
and checked by meters.
There were double flushes in 50% of the homes, approximately. However, data analysis
indicated total water consumption decrease, since not all flushes contain solid wastes.
Great problems were detected in three homes and it was necessary to change flush
volume in one of them and to remove low flow WC in another one. Users of the other
one said everything was right, but the monitoring detected problems.
It was detected great variability on number of double flushes, showing problems are not
constant.
Finally, water closet and total water consumption ratio was from 14.9 to 49.8%.
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$EVWUDFW

Rainfall amounts vary over time and space, but the volume of water required for
toilet flushing is relatively constant and depends more on the kind of the building and
utilities served than on the time of year or location. Using rainfall sequences and toilet
flushing demand, one can establish a methodology to examine the relationship of
reservoir size for rainfall capture to the reduction of the demand for potable water to
satisfy toilet-flushing needs. It is known that mathematical techniques, such as non-
linear modeling, can be used to estimate the required storage of the rainfall, but the
model described here uses actual local hourly or daily precipitation time series, to
examine rainfall harvesting to augment toilet flushing demand. The time series is used
to determine how much local precipitation will be available over hydrologically
different periods of time. These data together with flushing demand are used to
determine the reduction in potable water flushing requirement that results from a
specified volume of rainfall storage. Thus, one can determine the best combination of
rainfall storage volume and potable water to meet the toilet flushing demand. With the
results obtained through this methodology, curves of reservoir volume versus number of
toilets assisted can be construct to determine the volume of rainfall water is needed to
assist toilet flushing in a particular building. An application of this methodology is
proposed for the city of São Paulo to verify the methodology reliability of the system.

.H\ZRUGV

Rainwater reservoir; rainfall, storage; toilet flushing, potable water demand, water
conservation, water supply

��,QWURGXFWLRQ

The need of water is rarely the same than the demand. By observing the function of
natural lakes, humans have, since long ago, seen the benefits of the storage of water
during the wet season to use later during the dry season. According to Myers (1974),
collection systems and storage of pluvial waters already existed in the desert of Negev
more than 4,000 years ago. During the Roman era, sophisticated systems for harvesting
and storing rainwater were constructed. Reservoirs of pluvial waters, which were found



D11 2/12

at the Mesa Verde National Park region in the United States, was believed to be built by
the Anasazis between 750 to 1100 A.D. (Wenger, 1991).

The idea of storing rainwater in reservoirs for later use is discussed by Brooks et al
(1991) who describe the application of this practice in Australia in 1948 as well as in
Israel and in the USA during the 1930s. Today, collection and storage of rainwater from
roofs of houses is commonly practiced in some arid and semi-arid areas. But even in the
Caribbean islands, which have significant annual rainfall, storage of rooftop runoff is
commonly practiced. And now, the capture and use of rainwater for none potable use in
modern cities, like São Paulo, holds promise for decreasing the urban demand for
precious fresh water resources.

This paper investigates the feasibility of collecting and storing rainwater for later use
to flush toilets. The first step in such a project would be to define where to collect water.
In the beginning, many sites could be candidates for “collectors of storm water," and
each situation should be analyzed not only from the hydrologic viewpoint but also from
the structural, environmental, constructive and economic viewpoints among others.
However, while recognizing this, the focus of this paper is on the hydrologic aspects of
meeting toilet-flushing demand based on the size of the rainfall collection reservoir.

����%DFNJURXQG

Normally, reservoirs regularize the available water by regulating flow, either by the
supply or the variable consumption (Linsley and Franzini, 1972). Reservoirs can be
used for conservation, control or adjustment of the flow. Pluvial water reservoirs to
assist toilets flushing collect runoff on rainy days to supply them during the dry days.
Therefore, they act as flow regulators since the frequency distribution of the supply
(rain) is different from the frequency distribution of the use (toilet flushing).

The different frequency distributions for supply and demand make the determination
of the stored volume complicated, but if the objectives are very well known, the analysis
of the storage can be made through the mass balance by using the continuity equation.

According to ASCE (1996), the most important physical characteristic of the
reservoir is its storage capacity (or volume). The storage capacity determines its ability
to deliver a constant supply over a given period of time. However, there is an element of
risk that is inherent in meeting this demand, because of the randomness of the supply
source (rainfall). Determination of the reservoir volume depends on the risk that the
planner wants to assume. Simply stated, the larger the reservoir volume, the lower the
risk of not meeting the demand.

The introduction of the risk concept in the reservoir sizing identifies that supply of
water, during the reservoir’s useful life, is uncertain and this uncertainty has to be taken
into account during the project process. The problem of reservoir sizing can be put in
the following way:  How much water needs to be stored to meet the demand with a
given degree of reliability i.e., the size of the reservoir is dependent on the demand and,
the desired reliability of meeting that demand at all times. Of course it is recognized that
even a reservoir of infinite volume could not reliably meet the demand if the average
demand is greater than the average supply.

����3XUSRVH�RI�WKLV�ZRUN
To determine the volume of the reservoir to store toilet-flushing water, the following

data should be known:  daily rainfall series at the collection site (or the equation that
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describes it), water use for toilet flushing (frequency of use and volume per flush) and
evaporation data, where it is significant.

Defining a good approach to investigating the use of rainfall to augment potable
water supply requires the review of the types and amounts of available information.
This review will indicate which methods are better for modeling a particular situation.
According to Monks (1987), several methods are available. The methods can be
classified in the following way, according to the degree of uncertainty of the problem:

• Methods of complete certainty, where all the required information describing
the decision variables and the results are known. For these problems, algebra,
calculation and, mathematical programming can be applied.

• Risk and uncertainty methods, which are those where information describing
the decision variables or the results are usually probabilistic. Methods used to
investigate these problems include statistical analysis, queue theory,
mathematical simulation, and heuristics methods among others.

• Methods of extreme uncertainty, where no information is available to evaluate
the problem. In this case, the games theory can be used.

In many cases, more than one technique, or methodology, can be used to address an
issue such as sizing reservoirs, the subject considered in this work.

This work is determinate, using a one-year time series of the daily pluviometric
volumes and a time-constant value for the number of toilet flushings per day to
determine the required daily complement of potable water to provide the toilets flushing
demand for a 12-liter toilet.

The goal of this work is to allow the planner to investigate the relationship of the
volume of a reservoir for rainfall capture, and the resultant reduction in demand for
potable water for toilet flushing. The reservoir volume is, in turn, related to the
rainwater harvesting area required to assist each user.

��5HVHUYRLU�'HVLJQ�0HWKRGV

Reservoir design methods in general can be classified into four main groups:
(Domokos, 1987)

1. Deterministic methods, which use rain data as input data and, the storm series
are analyzed by mass curve.

2. Approximate methods based on widespread empiric relationships.
3. Method of stochastic modeling (also well-known as method of probability

transition matrix).
4. Analysis systems method, using linear, non-linear or dynamic programming.

The order of the above methods reflects the sequence in which they were developed.
Rippl (ASCE, 1996) published the first analysis of the mass curve in 1883, while the
approximate methods gained popularity only during the early sixties.

The groups are different from each other; however, inter-relationships exist among
them. For example, the methods of the second and of the third groups are frequently
used to generate the necessary series of data for the first group.

The first, third and fourth groups are generally appropriate to determine the capacity
and the operation rules of reservoirs, while the second is used to determine the reservoir
storage capacity, usually by analyzing corresponding pairs of capacity vs. reliability.
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The second group of methods, which doesn’t require computational work, uses
mainly empirical formulas, tables and graphs, which are used in the comparative
analyses among a great number of reservoirs. To develop formulas, tables and graphs,
the other three methods, particularly the deterministic method, is frequently used to
obtain general relationships of the studied area. ). For the analysis of single reservoir,
the first two groups of methods have been used while the two more recent groups have
been applied for the analysis of a single reservoir as well as for the analysis of the
multiples. An algorithm for the solution of the methods of the third group can be found
in Shaw (1988

The application of the third and fourth group of methods requires computer use.
Therefore, they practically began to be used after the development of computers.
Deterministic methods were also enhanced by the technological progress of the
computer; this new tool supplied practically limitless possibilities for series generation
of data input.

����7UDGLWLRQDO�PHWKRGV
Historically, mass curve has been the procedure used to determine the volume of

reservoirs. The theoretical base of this procedure comes from the following analysis
(ASCE, 1996). Consider the total period of time (T), the water that comes in the
reservoir to be X(t) and the mass curve I(t):

∫=
7

GWW;7,
0

)()( (1)

where:
I(T) = the cumulative pluviometric volume after a period of time T;
X(t) = i(t)•A;
i(t) = the pluvial intensity at time t, and;
A = the harvesting area.

The evaporation and the precipitation on the reservoir are irrelevant in this case, since
the reservoir will be covered. The amount of available water will be I(T). If all water is
consumed over the time period at a constant rate, the demand rate )(Wγ  is given by:
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The cumulative demand, D(T) over the time period T, for a non-constant instantaneous
demand is given by:
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0

WGW7'
7

∫= γ (3)

For the maximum efficiency of the reservoir during the period of time T, D(T)=I(T);
that is to say, all the collected rainfall water will be used to supply the demand of the
toilets flushing.

Given a daily precipitation time series X(t), it can be demonstrated that the required
storage, SR, to satisfy a constant rate of flow demand is:

SR = 5DQJH�RI [I(t)-D(t)] = max[I(t) - D(t)] + max[D(t) - I(t)]

     = max[I(t) - D(t)] - min[I(t) - D(t)] (4)

This is the maximum accumulated value, using the average flow that comes into (and
out of) the reservoir.
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The method of the curve of residual mass is an extension of the technique of the
mass curve with the advantage of having smaller numbers to place in the graph, thus,
increasing the precision of the scale of the ordinates. Each value of daily rain is reduced
by the medium value over the duration of the study, that is to say, the daily, weekly or
monthly average. Tracing a curve of these data versus time is called the UHVLGXDO�FXUYH.
A line is traced going by the two larger successive peaks. The vertical distance from the
minimum value between the two previous peaks and the line, will give the required
minimum volume to be stored to meet the demand over the same period.

����0DWKHPDWLFV�SURJUDPPLQJ
To analyze a rainfall harvesting system, the problem can be decomposed into five

stages: a) goals definition; b) quantification of the measures for the objectives; c)
alternative solutions generation; d) alternatives quantification, and; e) selection of the
best alternative. For the choice of the best alternative several techniques have been
developed that provides an opportunity to evaluate the behavior of the studied system.
These include: linear and non-linear programming, dynamic programming, multi
objective analysis, and mathematics-computational simulation, although this last one is
not an optimization model.

For the case of satisfying toilet-flushing water demand, the five stages above would
be:

a) Goals definition: to assist toilets flushing;
b) Quantitative measures for the objectives: minimization of the consumption of

potable water;
c) Alternatives generation: reservoir volume vs. potable water requirement;
d) Alternatives quantification: cost, availability, future situation;
e) Selection of the best alternative: function of E, F and G.
According to BRAGA (1987), the optimization model is sought that maximizes or

minimizes the REMHFWLYH�IXQFWLRQ F(X1, X2, ..., XN), , where X1, X2,  ..., XN is the N
GHFLVLRQ�YDULDEOH of  the problem. The objective function is constrained by “m”
functions of restriction, gL(X1, X2, ...,XN), with L = 1, 2,..., m, that determine the YLDEOH
DUHD of the decision variables. Thus the optimization problem can be represented as:

Max (or Min) F(X1, X2, ..., XN),                                                                             (5)
Subject to:

g�(X1, X2, ...,XN) > b1; < b1; =b1.                                                                    (6.1)
g�(X1, X2, ...,XN) > b2; < b2; =b2.                                                                    (6.2)
gP(X1, X2, ...,XN) > bm; < bm; =bm.                                                                 (6.m)

where, bL, L = 1, 2,..., m, are the SDUDPHWHUV of the model.
The groups of decision variables, X1, X2,... ,XN that satisfy equation (6) are called the

YLDEOH�VROXWLRQV. Within the viable solutions is the RSWLPDO�VROXWLRQ, that also satisfies
equation (5).

If all the functions are linear (or non-linear), the given groups of the equation set (6)
forms a model for linear programming (or non-linear). Then the objective function (5)
of a non-linear programming model represents the Markov property, that is, the decision
in any stage is function only of the state of the system in that stage. After P decisions,
the effect of the (N - m) remaining stages on the objective function F(X1, X2, ..., XN),
depends only on the process of decision of the (N-m) final decisions. The solution of the
problem can be given through dynamic programming.
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On the other hand, according to BARBOSA (1997), the traditional approach to the
selection of planning alternatives in water resources --which involves the allocation of
water using technical-economic analysis, especially through benefit-cost analysis-- has
been giving way to an approach that considers multiple objectives. Although this
approach requires more information is slower to implementation, it is an irreversible
international tendency, representing progress in the evolution of societies impelled by
the understanding with relationship to environmental and social problems. An
undertaking is multi-objective when it addresses several objectives simultaneously such
as: economic efficiency, conservation of natural resources, attendance to the purpose,
environmental quality, etc. The objectives are translated into programs such as:
maximization of liquid benefits, minimization of environmental impact, and
minimization of risks. The benefits that can be obtained with the use of the rainwater in
the buildings include, the savings in cost resulting from reduced use of potable water for
toilet flushing, reduction of the amount of rain water in urban drainage, with subsequent
reduction in flooding or need for flood control facilities. However, the goal of this study
was to obtain a VLPSOLILHG�DQG�SUDFWLFDO�WRRO to determine the required storm water
storage volume, through linear or non-linear programming.

����)DLOXUH�UDWH�DQG�UHOLDELO LW\�
The reliability of the reservoirs can be represented as:

R = fR[X(t),d(t),S) (7)
where:

R = reliability;
X(t) = time series of input flow (rainfall) into the system;
d(t) = time series of demand;
S = storage volume of the reservoir.
Here, the direct objective is usually the determination of the function R=R(S),

satisfying the demand series, d(t). Using the mass curve, the problem is solved through
graphs, where it can be observed as the reservoir of given capacity transforms the series
X(t) to an outflow time series )t(y

iS . Then the values of 
L

6
5  are determined by mean of

the computed series )t(y
iS . Using stochastic methods, the R(S) relationship is computed

directly from input flow distribution series, without simulating the operation of the
reservoir.

According to McMahon (1993) several definitions are given for the probability of
“failure” of a reservoir. A common definition of “failure” in theoretical analyses is the
relationship between the time that the reservoir is empty, “nf” and the total time in the
period of the analysis, “n”, ie.:

n

n
F f

f = (8)

But this definition is not realistic because the reservoir is prevented from becoming
empty by placing some restrictions on the outflow.
The better definition for the failure is:

n

n
F r

r = (9)

where “nr” is the time that the reservoir only partially supplies the demand. “Fr” is then
the proportion of total time that the restrictions are imposed.
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Either Ff neither Fr are a percent of the time that reservoir cannot meet the demand.
They are not probabilities in the strict sense, once they are expressed as the percent of
the failure time over a certain period of time.

Reliability is a term used to represent the proportion of the time in that the reservoir
FDQ meet the demand. It is the complement of the failure and is calculated as:

UUII )5)5 −=−= 1         and,       1 (10)

��$SSOLHG�0HWKRGRORJ\

An important consideration of the rainwater harvesting project is the relationship of
the reservoir size to the requirement for potable water to make up flushing water
demand deficits (Ree et al., 1971). Unless the reservoir will be very large (and
consequently very expensive) so that it can supply the flushing demand throughout the
entire drought period, the dependence on the supply of potable water can be projected.

To determine the volume of the reservoir and the need for potable water to supply the
flushing demand, the following methodology was developed:

a) Choose a daily precipitation time series for 12 years with at least 10 complete
years;

b) For the period of record compute the average precipitation for each day of the
year;

c) Compute the flushing demand as Demand = number of toilet uses * volume per
flush;

d) Assume constant flushing demand for each day of the month;
e) Calculate the rainfall harvesting area necessary to satisfy the toilet flushing

demand every day, keeping extra water in storage for times when rainfall is less
that demand. The obtained result is the minimum harvesting area per toilet, so
that potable water not needed. The calculation was made using the Excel®

spreadsheet and, programming of macros using the internal routines of
mathematical programming contained in the spreadsheet for problem
optimization;

f) With the minimum harvesting area determined, the volume available for toilet
flushing each day was calculated;

g) To supply the first day, it was verified that water remained from the last day of
the previous month, otherwise the deficit was made up with potable water until
the daily demand was satisfied (for the first day of operation of the project, the
supply is the same to the demand for that day);

h) The daily volume of potable water required to meet the toilet flushing demand
was calculated for cases where the harvesting area was equal at 90%, 70%, 50%,
30% and 10% of the minimum harvesting area;

i) For the various sizes of harvesting areas defined above, the monthly
consumption of the potable water, the economy obtained with the use of the
pluvial waters, the failure and the reliability of the reservoir, and the minimum
volume of the reservoir for each user was calculated.

With the results above, the planner can determine the required reservoir volume, as a
function of the number of users and of the available area for harvesting.
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If the available harvesting area and the number of uses by users are known, the
spreadsheet will calculate the minimum reservoir volume, the potable water necessary,
obtained economy, reliability and failure of the reservoir.

��$SSOLFDWLRQ�RI�0HWKRG

To demonstrate the applied methodology, an application was made using the
precipitation time series for the month of June, in the Água Branca, Tietê upper basin
for São Paulo city, Brazil. The nonexistent data were not considered for the average
calculation.

The results obtained for this month are shown in the graphs (1), (2), (3) and (4).
Graph 1 shows, and smallest harvesting area, the daily flushing volume (for 7 uses a
day, of a 12 liter toilet), potable water needs, volume in the reservoir just considering
the rainwater, volumes in the reservoir before and after the augmenting the rainfall
supply with potable water.

Graph 2 shows the same as the graph 1, but the harvesting area is reduced to 70% of
the minimum area; Graph 3 shows the potable water supply for different sizes of
harvesting areas; Graph 4 shows the reliability change in response to increasing the area
for harvesting rainfall; and Graph 5 shows the reservoir volume vs. required potable
water to supply the flushing demand for the month of June.
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For this situation, the following results are obtained and shown below in the table:

7DEOH�����5HVXOWV�REWDLQHG�IRU���XVHV�D�GD\��IRU�XVHU

2EWDLQHG�HFRQRP\
��2I�WKH
PLQLPXP
FROOHFWLRQ

DUHD

3RWDEOH
ZDWHU
XVHG�D
PRQWK
�OLWHUV�

5HVHUYRLU
PLQLPXP
YROXPH
�OLWHUV� �OLWHUV� ���

5HOLDELOLW\
���

)DLOXUH
���

10 0 0.00 489.03 2520.00 100 100 0
90 235.20 344.56 2284.80 90.67 86.67 13.33
70 568.34 234.21 1951.66 77.45 60.00 40.00
50 1125.96 167.29 1394.04 55.32 36.67 63.33
30 1683.57 100.37 846.43 33.19 6.67 93.33
10 2241.19 84.00 278.81 11.06 0.00 100.00
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��&RQFOXVLRQV

With the described methodology, it is possible to determine the reservoir volume for
rainfall harvesting for any place where the daily precipitation time series the number of
uses a day by user (or toilet flushing demand) are known.

Graphs 1, 2 and 3 can be compared to determine the different amounts of potable
water supply that are required to meet the flushing demand for harvesting areas of
various sizes. The variation in behavior over the month can also be observed, and the
appropriate harvesting area size can be selected to assure the desired readiness for
meeting the flushing demand with potable water.

Graph 4 shows that a minimum harvest area of 30 percent is required to have any
significant increase in reliability. Conversely, the failure rate is more than 90% until the
harvesting area exceeds 30%, after that reliability increases linearly with increase in
harvesting area, and failure also decreases linearly with increase in harvesting area.

Graph 5 shows that the NQHH�RI�WKH�FXUYH to be about 250 liters, which means that it,
may not be cost-effective to build a larger tank. If we build the tank of 250 liters, we
will reduce the potable water requirement from 2520 liters/month to 450 liters/month (a
reduction of 2070 liters/month) but if we add another 250 liters to the tank (i.e. double
its size) the additional savings in potable water demand is only 450 liters/month (450 -
0). This plot shows the economics of building various size reservoirs, and helps to
determine the optimal size (and percent collection area) to use for most cost-effective
use of rainwater for toilet flushing.

Using the spreadsheet and its optimization macros; it is possible to calculate the
harvesting area, the volume of the reservoir and the volume of potable water exactly to
satisfy the flushing demand during the period.
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$%675$&7

Environmental problems have always constituted serious problem. Environmental
conservation included water resources is primarily concerned globally, systematic and
planned action. One of the efforts to related it, is environmental friendly  of drainage
system development, with hoping can give as alternative solution for water resources
conservation.

Water is very important as natural resources to be reserved its existence, such as  rain
water without a channel  would filled to groundwater and not or would happened a bigger
disaster, such as flood. It will disturb the environmental healthy, but it as the side if the
entire water be flowed to the rivers or sea, it would be  a very ironical condition, whereby
water would be disposed uselessly but the other side, the resources of ground water more
decrease or become be scarcity which is felt so badly especially in the dry season.

To improve the efforts that could decreased or anticipated water run off  about 90 % and
also to be preserved  as  ground water supply that is very needed, naturally “ Available
Water “ with “ Rain Water Soakway development”, beside the cost of production will be
lower, the technology which is used will be quite simple, both of rain water soakway with
or without  porous wall.

The other advantages of implementation  this rain water soakway are :
1. to prevent land subsidence, sea water intrusion and increasing ground water supply

which can prevent plant dehydration in the dry season.
2. to reduce dimension of drainage channel so investment cost will be low.
3. to reduce contamination so environmental healthy will be better.
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�����%DVLF�&RQFHSW

Water is very important natural resources to be reserved its existence, such as a rain water

without  channel would filled and not or would happened a bigger disaster, such as flood,

it will so disturb the environmental healthy, but it at the side if the entire water be flowed

to the rivers or sea that would be a very ironical condition, whereby water would be

waste uselessly but the other side the resources of ground water more decreased which is

felt so bad especially in the dry season.

To improve the efforts that could decreased or anticipated water run off  about 90 % and

also to be preserved the ground water supply that is very needed, naturally “Available

Water” with “Rain Water Soakway development”, beside the cost production will be

lower, the technology which is used will be quite simple.

������3XUSRVH�DQG�2EMHFWLYH

������� 3XUSRVH

To improve the society ability in implementation of the development of rain water

soakway in the building boundary.

������� 2EMHFWLYH

To recognize the matters that is needed to be taken note of and the procedures, to arrange

the planning of the development of rain water soakway in the building boundary.

������%DVLF�/DZ�DQG�5HJXODWLRQ

Basic legislation and program policy which are used as a base to popularize rain water

soakway in Indonesia as follows :

1. Indonesian Constitution (UU-RI) No.23/1997 ; section 10 on Environment

Management, whereby it is said firmly :

• To realize, improve, develop and increase : The awareness the decision making

right and responsibility of the society, in environment management, and the

partnership between society, private sector and government in the effort to

preserve “VXSSRUW�FDSDFLW\” and “VWRUDJH�FDSDFLW\” of the environment.
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• To develop and implement Environment Management National Policy to

guarantee the preservation of support capacity and storage capacity of the

environment.

• To make use and develop the friendly environmental technology.

• To supply the environment information and publican to the society.

2. Program policy and environment management activity which are focused to the

rehabilitation of environment damage.

3. Policy and targets of  department of settlement and region development  such as :

infrastructures and public facilities   that is continued and environmental oriented.

4. Regional Regulation Implementation

5. Indonesian National Standard

&+$37(5� ,,� � �� 5(48,5(0(176� )25� %8,/',1*� 2)� 5$,1� :$7(5

62$.:$<

�����%XLOGLQJ�5HTXLUHPHQW

Building requirement that is needed to be compiled are as follows :

1. Rain water soakway is made in the permeability of soil and landslide resistance.

2. Rain water soakway must be free from waste contamination.

3. The water that is fill into rain water soakway is rain water.

4. For the region with bad environment sanitation, rain water soakway only

contains the water from roof and be distributed with water gutter.

5. Considering the hydrogeology, geology and hydrology aspect.

�����'LPHQVLRQ

Dimension of rain water soakway are as follows :

1. Shape and size of rain water soakway is square or circle.

2. Minimum size of cross sectional side or diameter is 0,8 m.

3. Maximum size of cross sectional side or diameter is 1,4 m.

4. Size of influent pipe is 100 mm.

5. Size of over flow  pipe is 100 mm.

6. Maximum size of depth can be seen in table 1.
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TABLE 1

DEPTH SIZE AND CONSTRUCTION TYPE

'(37+ &216758&7,21�7<3(

Maximum 1,5 m I

Maximum 3,0 m II

Maximum of ground water table IIIa, IIIb, IIIc

�����%XLOGLQJ�0DWHULDO

Building material that be used for rain water construction can be chosen from the list

which is inserted in table 2 bellow :

TABLE 2

THE ALTERNATIVE OF BUILDING MATERIAL USAGE FOR

RAIN WATER SOAKWAY CONSTRUCTION

COMPONENT/BUILDI
NG MATERIAL

SOAKW
AY

COVER

UPPER PART
OF

SOAKWAY
WALL

LOWER
PART OF

SOAKWAY
WALL

SOAKWAY
CONTAINED
MATERIAL

Ironed Concrete Plate,
H = 10 cm, 1 PC : 2 S  : 3
gravel

*

Unironed Concrete Plate,
h = 10 cm, 1 PC : 2 S : 3
Gravel

*

Soil and Plastic Heaps
d > 15 cm

*

Ferrocement *
Brick Construction,
Concrete Block
1 PC : 5 S, Size ½ Thick
Of Terracotta

* *

Porous and nonporous
Ironed Concrete

* *

River Stones, Size 20 cm *
Debrise of Brick, Size ¼
Thick of Brick

*

Palm Fibers * *
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�����%XLOGLQJ�&RQVWUXFWLRQ

Building construction of rain water soakway consists of several type construction

inserted in example figure as follows :

1000

FIGURE 1

 RAIN WATER SOAKWAY

200

inflow outflow

Land Surface

720 mm

cover

Porous
Concrete
Shaft1000

variavel

palm fibre

rock

100

90

frame
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�����6HOHFWLRQ�RI�/RFDWLRQ

�������&RQGLWLRQ�RI�:DWHU�7DEOH

Rain water soakway is made at the starting point of  flow area that can be decided

by measure the depth of the ground water table to land surface, at around of the

soakway in rainy season.

��������3HUPHDELOLW\�RI�6RLO

Permeability of soil that can be used for soakway divided into 3 (three) classes as

follows :

1. Permeability of medium soil (loam, 2,0 – 6,5 cm/hour)

2. Permeability of rather fast soil ( refined sand, 6,5 – 12,5 cm/hour)

3. Permeability of fast soil ( raw sand, more than 12,5 cm/hour)

�������'LVWDQFH�%HWZHHQ�%XLOGLQJ
Rain water soakway that is placed in yard with distance condition to septic tank,

absorption area of septic tank/pit latrine�waste water disposal, clean water  and the

other rain water soakway, can be seen in table 3.

TABLE 3

MINIMUM DISTANCE OF RAIN WATER SOAKWAY TO BUILDING

NO. BUILDING TYPE

DISTANCE

FROM

SOAKWAY (m)

1 Septic Tank 2

2 Septic Tank Absorption��Pit latrine��Waste

Water Disposal, Solid Waste Disposal

5

3 Rain Water Soakway/Clean Water Deep

Well

2

 Note : distance is measured from side to side
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���������3URFHGXUH�$SOLFDWLRQ��RI�5DLQ�:DWHU�6RDNZD\

The procedure that must be attention in rain water soakway construction are as

follows :

< 3 meters

< 2 meters

Unqualified

Requirements

Qualified
Requirements

�����'(7(50,1$7,21�2)�5$,1�:$7(5�62$.:$<�727$/

Determination of rain water soakway total in yard base on maximum rainfall, soil

permeability and area of receptable plane, with formula :

a. For rain water soakway with the side part of well is permeable
 
 

CHECKING OF  HIGH
WATER TABLE

PERMEABILITY OF
SOIL

DISTANCE
REQUIREMENTS

RAIN WATER
SOAKWAY

SYSTEM OF CENTRAL RAIN
WATER STORAGE

 

soakway
A

soakway
A.k.D

areareceptable
A.ID.

H
−

=
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b. For rain water soakway with the side part of soakway is impermeable

Whereby :

I =  Rain Intensity (m/hour)
Arp =   Area of Rain Receptable (m2), could be shaped : house roof and/or

hardened  land surface

K =  Soil Permeability (m/hour)

L =  Length of Cross Sectional Soakway

D =  Rain Duration (hour)

H = Height of Soakway (m)

The result of rain water soakway total solution, can be seen in table 4 and 5.

�����,QVSHFWLRQ

Rain water soakway needs to inspect periodically, every 6 (six) month a time to

guarantee the continuity of soakway operation.

The checking which is needed to be done is :

1. influent current ;

2. controller basin ;

3. soakway condition.

.Lk.D
soakway

A

soakway
A.k.D

areareceptable
A.ID.

H
+

−
=
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$EVWUDFW

This paper discusses labor productivity for the execution of inspection chambers for
sewer systems.  There were collected 211 data points in a daily basis during the
execution of inspections, manufactured with plastic materials and also with traditional
materials (mortar, brick, and rings of concrete). It was developed a methodology for
collecting data in site and for processing these data.  The results represent a solid base
of data (collected in a sewer system implemented in Brazil, in 1998) that can be used to
compare productivity between installing traditional and plastic inspection chambers.

.H\ZRUGV

Inspection Chamber; Labor Productivity
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��,QWURGXFWLRQ

Sewer System is very important for population health and environmental
preservation. So that it is necessary to reduce costs of implementation, maintenance and
operation, allowing that more people can be linked to the sewer system.  For this cost
reduction, it will be necessary to develop new technologies and new concepts of design.
Related to technology, the use of plastic for sewer system is an alternative that is being
implemented in Brazilian Construction, using all the accessories and pipes in plastic.

This research discusses the implementation of inspection chambers, comparing
plastic technologies and traditional ones, in terms of productivity.  This labor
productivity was measured during the execution of a sewer system using these two
different technologies.  The plastic technology uses plastic pipes and all accessories are
also made of plastic.  For the traditional technology, inspection chamber is made of
traditional construction material like bricks; rings of concrete and pipes are made of
ceramic or concrete.

)LJXUH����0DWHULDOV�XVHG�LQ�WKH�FRQVWUXFWLRQ�RI�LQVSHFWLRQ�FKDPEHU

The study uses a database gathered from construction sites.  A partnership between
CEDIPLAC (Centro de Desenvolvimento e Documentação da Indústria do Plástico para
a Construção Civil) and CAESB (Cia. de Água e Esgotos de Brasília) that is a public
sewer company, made the data collection possible.  Two geographic areas were studied;
the first one is called Recanto das Emas and the other one, Riacho Fundo II.  Both of
them are located in Brasília, Brazil.

For this research, it was necessary to develop a methodology to quantify the labor
productivity, which was composed of collecting site data and also processing them
through tables that were specially developed for it.  The result is presented using tables
that show productivity data for each type of material and for various diameters,
analyzing the advantages for the use of plastic inspection chambers.

cimento

Bricks

Concrete rings

cimentocimentocement
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��,QVSHFWLRQ�&KDPEHU�IRU�6HZHU�6\VWHP

����'HILQLWLRQ

Most Inspection Chambers or Manholes are circular in shape and must allow the
system inspection and cleaning.  Inspection Chamber should be placed at all changes in
sewer grade, pipe size, or alignment; at all intersections; at the end of each line; and at
distances no greater than 100 m for sewer pipes with a diameter equal or superior of
150mm. For diameter equal to100 mm, it should be adopted distances between 40 and
50 m. Figure 2 shows the sewer system parts as they were considered by this research.

)LJXUH���±�6FKHPDWLF�RI�LQVSHFWLRQ�DQG�VHZHU�SLSH

����7UDGLWLRQDO�,QVSHFWLRQ

������7\SHV�RI�,QVSHFWLRQ�&KDPEHUV

There are different types of inspection chambers, as showed in Figures 3 and 4.
Figure 3 shows an inspection called in Brazil “PV-Poço de Visita” which has an
irregular shape, because there’s a difference between the upper section and the bottom
one.  In figure 3, there is also another inspection chamber called in Brazil TIL (“Tubo
de Inspeção e Limpeza”), which has a uniform section, with no eccentric slab.  PV and
also TIL are traditional inspection chambers often used in sewer systems with
traditional methodology. Terminal Cleanout (called in Brazil TL) is another inspection
chamber, less used than the other ones (Figure 4).  TL is just used in the beginning of
sewage to allow the introduction of maintenance equipment.  Inspection Chambers (CI)
are used in the entrance of each house that is linked in the network.(as showed in Figure
3)

)LJXUH���±�6FKHPDWLF�RI�7UDGLWLRQDO�,QVSHFWLRQ�&KDPEHUV��39��7,/�DQG�&,�
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)LJXUH���±�6FKHPDWLF�RI�7HUPLQDO�&OHDQRXW

������,QVWDOODWLRQ

PVs are made at the site using construction materials like bricks, precast concrete
rings, reinforced concrete slabs, ceramic pipes and fittings, concrete, cement, sand, and
others by Alem Sobrinho and Tsutyja (1999).  As presented in Figure 3, the following
parts compose an inspection chamber:

1. Compacted sand for the base;
2. Foundation using reinforced concrete slab;
3. Bricks for the wall;
4. Precast concrete rings for the bottom part of the “body”;
5. Eccentric slab;
6. Concrete rings in the 600mm diameter for the upper wall, forming the access;
7. Covered generally is made of Reinforced Concrete or Cast Iron, and this last one

is used in places where you have traffic;

When the PV or TIL is located in places with high water table, it is necessary to
waterproof their external and internal surface.

The TL is made using ceramic pipes and fittings, with concrete foundation and it is
necessary to embrace the ceramic fittings with concrete to assure the stability.

Traditional inspection chamber production demands more labor and also uses heavier
equipment to transport components like precast concrete rings and prefabricated
reinforced concrete slabs.

Because of these facts, the productivity for installing traditional inspection chambers
is worse than for plastic one (that implies just an assemblage).

����3ODVWLF�,QVSHFWLRQ�&KDPEHU

������7\SHV�RI�3ODVWLF�,QVSHFWLRQ�&KDPEHUV
In Brazil, there are two types of inspection chambers; the first one is the Radial

Inspection Chamber, which is used with pipes in a diameter between 100 and 300 mm.
These inspection chambers are used as an alternative to the traditional inspection
chambers (PV and TIL).
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Pipes

Concrete Block

Foundation

(concrete)

Ceramic 

Fitiings

Cast Iron Cover

TL

Ceramic 
Pipes

Concrete Block

Foundation

(concrete)
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Cast Iron Cover

TL

Ceramic 
Pipes

Concrete Block
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Cast Iron Cover
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It generally has circular shape and is composed by the following parts:

)LJXUH����'HWDLO�RI�DQ�LQVSHFWLRQ�FKDPEHU

It is designed to resist the efforts caused by traffic.  Generally made of Polyethylene
(PE), this kind of inspection chamber has inside chambers that are important to direct
the sewage.  For connecting pipes in the chambers, it is necessary to use gaskets.

Its size and shape make possible the installation of it without using concrete for
fixing it.  When water table is high, it should be necessary to use concrete for the
assurance of stability.

Another advantage is that internal surface is very smooth, allowing the perfect
flowing for sewage and also avoiding points of accumulation.  Internal shape was
designed to facilitate operations of cleaning and inspection. (Figure 5).

In Figure 6, there is also an inspection chamber that is used to collect the sewage
from the houses or buildings in substitution of traditional inspection made of concrete or
brick.

)LJXUH����6HUYLFH�&RQQHFWLRQ��IRU�VDQLWDU\�VHZHU�

������,QVWDOODWLRQ�RI�3ODVWLF�,QVSHFWLRQ�&KDPEHU

Because of plastic inspection chamber is industrially manufactured, the installation is
just an assemblage, involving generally two people that are capable to do all the steps
for installing it.  The steps are similar to the traditional techniques, i.e., once the trench
is opened; it is just to lay the Inspection and then, cover it with soil.  If sometimes the
water table is high, it can be necessary to concrete the inspection in its base to assure the
stability.

1 – Cover
2 – Inspection Pipe
3 – Body
4 - Base

1

2

3

4

Internal
Chambers
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There is also a reduction of material loss and an improvement of labor productivity
when compared with traditional technologies.  The quality is guaranteed because it is
the manufacturer’s responsibility, reducing the interference of labor in that way.
In figure 7 it is possible to see an installation of a plastic inspection chamber in a sewer
system.

)LJXUH����,QVWDOODWLRQ�RI�5DGLDO�3ODVWLF�,QVSHFWLRQ�&KDPEHU

��/DERU�SURGXFWLYLW\�LQ�WKH�LQVWDOODWLRQ�RI�LQVSHFWLRQ�FKDPEHUV

Labor productivity study was done aiming to get information about the reality of
sewer systems production, which are built with lots of interference.

In terms of productivity in a Traditional Sewer System, the installation of an
inspection chamber is a very critical part of the execution once it involves several
construction activities, such as the base (foundation), the concrete slabs and also the
laying of concrete rings.  According to several authors, when comparing labor
productivity data, the installation of plastic inspection chamber presents better
productivity rates than the installation of traditional ones.

����'HILQLWLRQ�DQG�0HWKRG�XVHG�LQ�WKLV�UHVHDUFK

Productivity is the efficiency in transforming ODERU (effort) into a finished service
(“results”).  In the case of inspection chamber, effort is measured in terms of demanded
work hours and the number of installed inspection chambers quantified the result.  The
work hours result from the multiplication of the number of workers involved in the
service by the worked hours. The concepts that are described here are discussed by
Souza (1996).

For determining productivity in the installation of plastic inspection chambers, there
were developed a methodology of collecting data and also processing it, considering
just the inspection instead of all the system.  Sewer system was considered in parts (as
said before), and the productivity of all system was also measured, but it is not included
in this paper.
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A specific person that was hired just to do this job, using tables in the site and also
taking notes about any extraordinary events had registered the data collected in a daily
basis. After collecting data, they were reconciliated in order to assure the validity of
these results. Data were then processed and the results were analyzed.

Table 1 was used to help site collection; Table 2 was useful to calculate labor
productivity rates.

7DEOH����&ROOHFWLQJ�'DWD�IRU�LQVSHFWLRQ�&KDPEHU�,QVWDOODWLRQ
Identification of Sewer
Line

Number of
Inspection

Type of
Inspection

Characteri
stic

Material
Team Work
Hours
Work Hours (Wh)
Total Wh
Extraordinary Events

7DEOH���±�&ROOHFWLQJ�VHUYLFHV�GDWD�IRU�LQVSHFWLRQ�FKDPEHU�LQVWDOODWLRQ

7DEOH����3URFHVVHG�'DWD
&RQVWUXFWRU�
Place Type

Of
System

Period of
Collected

Data

Type
Of

Inspection
Material

Diameter
in

mm

Depth
in
m

Work
Hour
Wh

Quantity
of

Inspection(unit)

Wh/unit

7DEOH���±�3URFHVVLQJ�FROOHFWHG�GDWD�LQ�VLWH

��&DVH�DQG�5HVXOWV

The characteristics for the studied place are: plane topography; the soil has good
mechanical resistance and the streets are not paved with asphalt.

The amount of plastic inspection chamber researched was 1.242 units.  Part of this
amount, 1068 units, were used for sewer systems with a diameter of 100 mm while174
units represented inspections for sewer systems with diameters varying between 150
mm and 300mm

The researched amount of Traditional Inspection Chamber was 81 units.  Part of this
amount, 63 units, were used for sewer systems with a diameter of 100 mm while18 units
represented inspections for sewer systems with diameters varying between 150 mm and
300mm.
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��5HVXOWV�DQG�&RPPHQWV

The results represent the mean value of productivity for different diameters and types
of inspections.  The work hours included delay and rework. Table 3 presents a summary
of plastic inspection productivity figures.  It shows that there is almost no variability in
comparing the rates for different diameters of plastic inspections.

7\SH�RI
,QVSHFWLRQ

'LDPHWHU
PP

0HDQ�9DOXH
RI�'HSWK
�+�LQ�PP�

:RUN�KRXUV
�:K�

4XDQWLW\�RI
,&

�XQLW�
:K�XQLW

Radial IC* 100 0,70 to 1,75 223,59 1068 0,21
Radial IC* 150 to 300 1,20 to 1,98 47,83 174 0,27
5DGLDO�,& ����WR���� �����WR����� ������ ���� ����
*IC=Inspection Chamber

7DEOH���±�3ODVWLF�,QVSHFWLRQ�&KDPEHU�3URGXFWLYLW\

Table 4 presents the mean value of labor productivity for traditional inspection
chambers.  As showed in this table, there are great differences if comparing different
diameters. For CI the mean value for productivity is 0,42 Wh/unit while for TIL the unit
rate reached 8,72 Wh/unit.  For PV mean value of productivity was 12,13 Wh/unit.

7\SH�RI
,QVSHFWLRQ

'LDPHWHU
PP

0HDQ�9DOXH
RI�'HSWK
�+�LQ�PP�

:RUN�KRXUV
�:K�

4XDQWLW\�RI
,&

�XQLW�
:K�XQLW

CI 100 0,40 to 0,77 9,16 22 0,42
TIL 100 0,59 to 1,20 357,36 41 8,72
PV 150 to 400 1,37 to 1,90 218,34 18 12,13

7DEOH����7UDGLWLRQDO�,QVSHFWLRQ�&KDPEHU�3URGXFWLYLW\

Table 5 presents the improvement of productivity when comparing results from both
types of inspections: Plastic and Traditional.  In this table, it is possible to evaluate the
advantage in using Plastic Inspection Chambers for diameters between 150 mm and 300
mm.  The demanded effort to assemble one (1) Traditional Inspection Chambers (T) is
the same as for assembling forty-five (45) Plastic Inspection Chambers (P).

3ODFH�LQVWDOOHG
,QVSHFWLRQ
&KDPEHU

'LDPHWHU
�PP�

7HFKQRORJ\
�PDWHULDO�

3URGXFWLYLW\
�:K�XQLW�

5HODWLRQ�EHWZHHQ
TXDQWLW\�RI�,QVSHFWLRQV
7UDGLWLRQDO�[�3ODVWLF

Plastic 0,21Sewer House
connection

100
Traditional 0,42 1T=2 P

Plastic 0,21Public sewer
system

100
Traditional 8,72

1T=40 P

Public sewer
system

150 to 300 Plastic 0,27 1T=45 P

7DEOH����,PSURYHPHQW�RI�SURGXFWLYLW\�XVLQJ�3ODVWLF�7HFKQRORJ\
*Where T=Traditional and P=Plastic
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��&RQFOXVLRQ

With the results presented in table 5, it was possible to conclude that labor productivity
for inspection chambers depends on the technology involved. Plastic Technology
demands less labor, reducing costs.  The figures showed in this paper can help
managing a sewer system implementation.

It was possible to see that the differences do exist when comparing materials, not
diameters. Besides, Plastic Technology has a better quality because all of its
components are industrially manufactured by Ilha and Teixeira (1997). Also, Traditional
Technology depends on the combination of labor involved in the execution and also on
the quality of different components.
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$EVWUDFW

Harmonization of regulatory requirements through application of conformity
assurance procedures in regulated product acceptance is discussed.  Conformity
assessment procedures include inspection and testing, product certification, quality
system registration, and laboratory accreditation. Manufactured plumbing products are
usually regulated by legal requirements through adoption of plumbing codes and
reference to national plumbing standards for assuring performance for health, safety and
code provisions for installed building systems.  Introduction of legal requirements from
conformity procedures was established for regulatory requirements applied to plumbing
product approvals in the state of Oregon, United States. Reference to international
guides for conformity applications to recognized plumbing standards and code
organization requirements could be useful as a model under international mutual
recognition arrangements for regulatory sectors that would contribute to elimination of
trade barriers.  The Oregon regulation demonstrates that combining conformity
assessment methods is feasible and practical when applied to regulatory actions.  That
model eliminates selective control for approved plumbing product listing(s) with costly
duplicative testing and provides for expanding commercial product applications.
Legislative mandates for legally required applications must apply to implement
regulatory sector applications.

.H\ZRUGV�
Conformity Assessment, Plumbing Products, Regulatory Approval, State Plumbing

Regulations
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Excerpt from Plumbing Manufacturers Institute draft submittal to case study for
Building Regulatory Process of National Conference on States for Building Codes and
Standards (NCBCS) [1] for adoption of Oregon model across the United States:

 “…current conformity assessment systems are becoming more fragmented and
more and more sectored and local conformity assessment programs are
created.…..  The conformity assessment problems of the plumbing industry are
shared by virtually every industry sector. ..

….proposed plumbing product approval model {EDVHG� XSRQ� 2UHJRQ� 6WDWH
UHJXODWLRQ� [2]} would improve the environment in which plumbing industry
operates by reducing unnecessary duplication and complexity in conformity
assessment requirements.  …”

,QWURGXFWLRQ

The importance of conformity assurance and assessment practices applied in trade
and commerce for product performance from standards and/or legal metrology
requirements are recognized as essential for facilitating international trade for products
and services throughout the world [3]. Elimination of trade barriers from the burden of
duplicative testing requirements, certifications and other prerequisites that do not
address legitimate regulatory concerns, consumer needs, or market demands, has
become a significant international concern.  There exist a great variety of different
stages of technical development in plumbing standards and codes and confusion is
further added from a wide variety of approvals applied from legally binding regulatory
provisions in many countries.

The importance of standards, metrology with conformity procedures to facilitating
international trade has a long history.  Adoption of common water conservation
requirements for reduced volumetric water consumption and flow rates for plumbing
fixtures in many countries has recently resulted from recognition of limited available
water resources, escalating costs, and waste water treatment limitations for allowable
environmentally safe discharges.

Further economic benefits in international trade can be accelerated if harmonized
fixture requirements and test methods in performance standards are to the same
acceptable performance levels. Harmonized regulatory requirements can eliminate
diverse product performance differences, and through conformity assurance techniques,
including assessing laboratory competence for testing evaluations to performance
prescribed levels (set in standards for fixtures and systems) that will result in
elimination of trade barriers.

Expanding applications of conformity methods is increasingly important to
acceptance of advances in plumbing technology.  Introduction of electromagnetic
sensors with chip/circuitry interfaces to computer applications for devices for water and
energy conservation. Those are increasingly applied to plumbing systems as a part of
control management in heavily utilized facilities. Those elements/controls are already in
synchronization with many types of automated building facility systems that include
“energy managed smart house” technology. Such impacts provide increased commercial
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trade opportunities for plumbing products and those components do not involve heavy
and large volume shipments of fixtures.

Significantly, practical installations of high-technology products now permit growth
opportunities in plumbing trade without fixture costs for shipments. Unless regulatory
citations in legal authorizations by governing bodies are adopted for regulatory purposes
the applications of conformity practices and assessment cannot be enforced. Mutual
recognition arrangements (mra’s) provide an essential step to reduce barriers in trade
and commerce. Legal regulatory requirements become necessary under the
authorization systems mandated through national legislative proceedings.

Differences in product performance approvals occur within countries due to intra-
national provincial and/or special considerations granted (large communities or
counties/provinces for special selections) for differences in locally applied plumbing
standards.  Also, approval requirements and procedures differ where product acceptance
is based upon competitive code bodies that maintain selective approved product lists.
Such practices impede broad product acceptance in jurisdictions despite the fact that
nationally accepted test criteria and product performance standard requirements have
been successfully demonstrated.

Differences also result from plumbing standards development methods and tests
applied for acceptance criteria.  Developments may be directly under governmental
direction and authorities, whereas in other regional arrangements standards are
developed by private sector organizations where influence or special interest cannot be
eliminated in setting adequacy requirements in the standards.

Functional specifications for performance, health and safety compliance
requirements are usually cited by requirements referenced to standards or specific
mandatory regulatory specifications.  Countries adopt legal controls on trade for sales of
products and may apply restrictive applicable standards.  It becomes necessary that
demonstration verification to required levels of performance depend upon reliable test
data.  However, significant differences occur since there are usually no requirements for
sufficient and necessary measurement assurance that corresponds to those from legal
metrology (where technical fundamentals are established and prescribed by most
nations as signatories to international treaty arrangement [4]).  Practices in plumbing
product acceptance methods allow considerable variation from many procedures
employed or at times none exist; examples procedures include self-declarations,
manufacturer’s quality systems registration, product certification, or test data,
sometimes with requirements that include laboratory accreditation. Requirements
established with conformity assurance processes need regulatory statutes that stipulate
requirements for testing and product certification with reliable data development
through established legal authorizations governing trade and commerce in non-
voluntary sectors.

&RQIRUPLW\�$VVHVVPHQW

&RQIRUPLW\� DVVHVVPHQW� is the comprehensive term for measures taken by
manufacturers, their customers, regulatory authorities, and independent, third parties to
assess conformity to standards” [3, 5]. Conformity assessment procedures assure
required characteristics are fulfilled consistently from distinctive specifications for
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reliable and maintained systems. The procedures can include one or more of the
following:

&21)250,7<�$66(660(17�352&('85(6
Sampling and testing Inspection

Personnel, products, services certifications Process, system assessment, registration

Accreditation of competence by third party(s) Recognition of capability for accreditation program

Various national and international publications include one or more of the above
elements for standards, guides, and recommendations.  To assure confidence in
conformity assessment processes several recognized means exist to demonstrate
fulfillment of requirements; briefly they consist of the following:

7<3(6�2)�&21)250,7<�$66(660(17
)LUVW�3DUW\��RU
0DQXIDFWXUHUV
'HFODUDWLRQ –
Confidence from
capability/integrity/
Reputation

Process for
Product/Service/System to
meet one or more standards
fulfilled by self-
determination or declaration

Basis from assurance of
Quality Control System,
or Testing/Inspection
audits as Authorized

6HFRQG�3DUW\
Buyer requires/verifies
products meet standard(s)
depending on purchaser’s
needs

Process for
Product/Service/System to
meet one or more standards
fulfilled by contractual
requirement for other
evaluation/determination

Variable depending on
buyers reference(s),
standards and
specifications

7KLUG�3DUW\
Validation of producers
claim(s) from competent
third party (no control of
involved parties) to
products and meet
standard(s)

Evaluation process for
Product/Service/System by
independent source to
referenced standards
fulfilled by external
independent requirement
evaluation/determination

Independent and non-
affiliated with confidence
for certifications from test
data and inspections to
referenced standards and
specifications

7HUPLQRORJ\�DQG�0HDQLQJ

Recognition of internationally accepted definitions for terminology customarily
applied for international purposes is ISO/IEC Guide 2 (see ISO list, next page); those of
greatest interest here are (vocabulary definitions):

&RQIRUPLW\� $VVHVVPHQW is a comprehensive term for measures taken by
manufacturers, their customers, regulatory authorities, and independent third
parties to assess conformity to relevant standards.  Conformity assessment
procedures ensure that products, processes and services meet certain
characteristics in a consistent manner and include inspection, testing,
certification, quality and environmental management system registration, and
accreditation activities.
7HVWLQJ as the action of carrying out one or more technical operations or tests to
determine the characteristics of a given product, process or service according to
a specified technical procedure or test method.
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,QVSHFWLRQ as conformity evaluation by observation and judgment accompanied
as appropriate by measurement, testing or gauging.
&HUWLILFDWLRQ�as a procedure by which a third party gives written assurance that a
product, process or service conforms to specified requirements.  Certification is
distinguished from testing by three key features:

1. Certification always measures a product, process or service against one
or more specific standards, whether mandatory or voluntary.  Testing, by
contrast, does not necessarily measure against any specific standard;

2. Certification is always performed by a third party, independent of either
the supplier or the purchaser;

3. Certification results in a formal statement of conformity, a certificate that
can be used by the manufacturer to show compliance with regulations, meet
purchasing specifications, and enhance the product’s marketability.
3URGXFW� &HUWLILFDWLRQ as the process of providing assurance that a product
conforms to a standard or specification.   It encompasses many different levels
of complexity and expense, depending on the characteristics of the product and
the degree of need for confidence in the product’s conformity to standards.
4XDOLW\� 6\VWHP� 5HJLVWUDWLRQ� (sometimes referred to as “quality system
certification”) as the assessment and periodic audit of the adequacy of a
supplier's quality management system by a third party, known as a registrar,
against quality management standards such as the ISO 9000 series.  Quality
system registration does not imply product quality or conformity to any given set
of requirements.  It only guarantees that a product is made consistently to a
certain quality level set by the manufacturer.
/DERUDWRU\�$FFUHGLWDWLRQ as the process that determines whether a laboratory is
capable of performing specified test methods and procedures correctly to the
level of accuracy required for a given specification.  It does not ensure that the
laboratory competently and consistently conducts the tests.  Furthermore,
laboratory accreditation provides assurance about the capability of a laboratory
only within the scope or areas for which accreditation was granted.

0XWXDO�5HFRJQLWLRQ�$UUDQJHPHQWV

Increased recognition for implementation of international guides has gained
credibility in worldwide commerce [see, Agreement on Mutual Recognition Between
the United States of America and the European Community”, (1997);
{website}www.mac.doc.gov/mra/mra.htm] in arrangements for establishment of Mutual
Recognition Agreements (MRA’s) or mutual recognition arrangements (mra’s) [3].
Information on multilateral issues covered by existing arrangements in MRA’s
concerning the scope of many related issues for trade facilitation can be downloaded
from the ‘web’ from the European Commission (http//europa.eu.int/comm/trade).
There, it is indicated that non-tariff barriers to trade can range up to 10% of overall
product costs (higher for less developed countries) so that actions for simplification
through harmonized procedures for coordinated approach to trade facilitation is
necessary; the World Trade Organization (WTO) agreed to address such problems.
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Particular interest amongst proposed solutions for elimination of trade barriers is the
“wider adoption of harmonized international standards used in the trade transaction”.
Therefore, the adoption of guides that have been broadly accepted for conformity
assessment procedures to regulatory provisions for reducing plumbing product barriers
to trade and increase commercial exchanges can be anticipated to be worthwhile.
Examples of organizations that have applied the recognized international guides as
acceptable methods into the signatory requirements are Asian Pacific Laboratory
Accreditation Conference (APLAC), European Cooperation for Accreditation (EA).

The following partial list indicates the range guides and standards published by the
International Organization for Standards (Copyright © ISO, 2000).

,62�/,67�2)�*8,'(6����3DUWLDO�

     ISO/IEC Guide 2:1996 Standardization and related activities -- General vocabulary
     ISO/IEC Guide 7:1994 Guidelines for drafting of standards suitable for use for conformity
     assessment
     ISO/IEC Guide 15:1977 ISO/IEC code of principles on "reference to standards"

ISO/IEC Guide 21:1999 Adoption of International Standards as regional or national
standards

     ISO/IEC Guide 22:1996 General criteria for supplier’s declaration of conformity
ISO/IEC Guide 23:1982 Methods of indicating conformity with standards for third-party
certification systems

     ISO Guide 27:1983 Guidelines for corrective action to be taken by a certification body in the
     event of misuse of its mark of conformity

ISO/IEC Guide 28:1982 General rules for a model third-party certification system for
products

     ISO Guide 30:1992 Terms and definitions used in connection with reference materials
     ISO Guide 31:1981 Contents of certificates of reference materials

ISO Guide 32:1997 Calibration in analytical chemistry and use of certified reference
materials

     ISO Guide 33:1989 Uses of certified reference materials
     ISO Guide 34:2000 General requirements for the competence of reference material producers
     (available in English only)
     ISO Guide 35:1989 Certification of reference materials -- General and statistical principles
     ISO/IEC Guide 43-1:1997 Proficiency testing by interlaboratory comparisons -- Part 1:
     Development and operation of proficiency testing schemes
     ISO/IEC Guide 43-2:1997 Proficiency testing by interlaboratory comparisons -- Part 2:

Selection
     and use of proficiency testing schemes by laboratory accreditation bodies
     ISO/IEC Guide 46:1985 Comparative testing of consumer products and related services
     ISO Guide 47:1986 Presentation of translations of ISO publications
     ISO/IEC Guide 51:1999 Safety aspects -- Guidelines for their inclusion in standards

ISO/IEC Guide 53:1988 An approach to the utilization of a supplier’s quality system in third
party product certification

     ISO/IEC Guide 58:1993 Calibration and testing laboratory accreditation systems – General
     requirements for operation and recognition
     ISO/IEC Guide 59:1994 Code of good practice for standardization
     ISO/IEC Guide 60:1994 ISO/IEC Code of good practice for conformity assessment
     ISO/IEC Guide 61:1996 General requirements for assessment and accreditation of
     certification/registration bodies
     ISO/IEC Guide 62:1996 General requirements for bodies operating assessment and
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     certification/registration of quality systems
     ISO Guide 64:1997 Guide for the inclusion of environmental aspects in product standards

ISO/IEC Guide 65:1996 General requirements for bodies operating product certification
systems

ISO/IEC 17025:1999 General requirements for the competence of testing and calibration
laboratories

&RQIRUPLW\�$VVHVVPHQW�$SSOLFDWLRQV

In figure 1 various conformity assessment methods are shown that have applications
for the voluntary sector in trade practices for products and services.  From the common
basis of mutual arrangements or international Mutual Recognition Agreements (MRA’s)
by selection of one or more linked paths several may emerge.  Each linked path (the
vertically oriented connected lines) include primary elements from a conformity
assurance selection.  Each set of linked lines have been applied (selective occasion) as a
separately applied ‘tool’ required for assurance in applications to products and services
for trade and commerce in voluntary sector applications to manufactured goods.  Such
selectively chosen arrangement(s) and practice(s) can be adequate when the lesser
limitations or lower priority for specifications can be applied as necessary provisions
that do not require intensive actions from proficiency, laboratory testing competence
and meticulous measurements.

The linked lines (from bottom to top) in figure 1 from the MRA’s box trace paths for
conformity practices which are applied that assures confidence in each of the methods
shown.  For example, following Quality Systems (links) assures oversight through an
independent body established for registration of suppliers/producers (quality systems
implementation of ISO 9000 series documents).  The registration assures confidence for
special qualifications in the product or service that must be achieved as integral
elements necessary to maintain continuous manufacturer adherence for quality that
insures replication of the products/components.

Countries that adopt any one of the conformity procedures for acceptance lessens
barriers and confusion for products in trade and commerce. Restrictive oversight
requirements are simplified and reduced for acceptance into markets usually with user
cost benefits.  Governmental distinctions that occur for voluntary sector(s) can be
provided through trade rules without excessive restrictive legal regulations or without
detailed specifications (or standards) to achieve needs or set limitations for introduction
of products/services.  In regulatory situations details become an important aspect for
acceptance practices that need to have uniformity that does not impeded trade in
applications from rules. Reduction of trade barriers results from implementation in
voluntary sectors where less severely constraining factors occur for technically
comprehensive requirements.

Singular methods do not provide product assurance and confidence for competence
in testing necessary for regulated products or delivering services. Single conformity
assessment practices are not sufficiently comprehensive to have application to
provisions for product acceptance in regulatory sectors.  The combination of several
elements of discrete conformity assessment practices becomes necessary to establish
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sufficiently adequate controls for assurance and confidence from practices applied to
regulatory sectors as a basis for international arrangements. Regulated products in trade
arrangements for acceptance requires assurance and confidence from several practices.
They must encompass provisions for technical depths of verified assurances that
includes primary factors as inspection, competence for test data developed from
accredited laboratory that assure measurement reliability and accuracy (based on
traceable national reference standards) and product certification. No one process can
apply for regulatory purposes applied in trade; several conformity procedures become
essential.

&RQIRUPLW\�$VVHVVPHQW�3HUVSHFWLYHV

Conformity assessment infrastructure in the Western Hemisphere (Free Trade Area
of the Americas {FTAA}) [6] illustrated the variety of methods applied. The study
considered four elements from conformity assurance; those were inspection and testing,
product certification, quality system registration, and laboratory accreditation.  Selected
tables from the report are attached.

Indications from the report showed widely varying methods implemented and
demonstrated infrastructure differences for practices while in some instances no
methods existed.  Details from the applied requirements indicate extensive differences
in national practices and applications for implementation from conformity assessment
practices. Those with extensive applications were also more involved with organizations
that related to other activities for standards development and their implementation
method. Other analyses of national issues for differing conformity assessment systems
implementation that can be applicable to regional mutual recognition arrangements or
applied in a global network needs to be made.  Differences can become more readily
identified from understanding the specific details leading to other options that may be
considered. Introduction of the elements from the Oregon model could become a basic
building block for applications.  The adoption would contribute to achievement toward
the goal of reducing and/or eliminating trade barriers resulting from the widely different
plumbing product methods applied in many countries.

$SSO\LQJ�&RQIRUPLW\�$VVXUDQFH

Regulated product requirements from combinations of elements adopted from
conformity assessment methods became a basis for the legal establishment in Oregon of
a framework infrastructure. The purpose was to eliminate existing shortcomings
identified from practices in place. The regulatory scope and format of the regulation
provides a basis for considerations that can apply to all essential details in other
legislatively mandated regulatory requirements applicable to other products. Indications
concerning implementation of the model legislation will be forthcoming from its impact
evaluation in future years.

To apply the model as a suggested format requires clarity in the objective(s) and
purpose(s) so that details can be structured in the regulatory actions with complete and
necessary requirements. Assurance and confidence in technical performance evaluations
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and the continuity for sustained evaluation methods {beyond only applications of
statistical product(s) sampling} is accomplished in the adopted measures from
certification methods and referenced to guides and standards procedures. An essential

component applied to regulatory
product approval(s) must be inclusion
of effective enforcement.

Principal elements were
considered in identifying needs for
the new applications from the revised
Oregon regulations. The features
considered basic to the development
are shown in the sketch.  At the time
the existing methods were beyond
state control in important identified
aspects and elimination of variables
from the new procedures were
important.

New regulations were to assure
uniformity from adopted international
and national reference guides and
standards for objective independent
third party support to be established.
Inconsistent applications in
acceptance criteria had allowed
substitution of drawings instead of
actual test data in accord (from test

standards) and recurring payments by manufacturers for listings would no longer occur.
Clarity for approvals would result from labeling and marking requirements. The state
office responsibility for plumbing product approvals in Oregon would be in place and
field approvals could not occur from new procedures. Individual evaluations by
plumbing inspectors in field jurisdictions would not occur.

Prior product acceptance practices, previously based on the product approval listings
established by plumbing code organizations, would no longer be applied. Those lists
were established by plumbing code sponsor organizations. Intrastate practices varied at
local jurisdiction levels due to “individual expertise, with determination from opinions”,
that may or may not have had validity.  Such occurrences were experienced whether or
not product approvals had a common basis from testing criteria or test evaluations
required in national standards, or other allowable state practices. The local jurisdiction
acceptance from the marking and labeling of products would become mandatory.
Product acceptance from uniformly required performance testing would assure
applications based on national plumbing standards criteria for approvals of
manufactured products.

The simplified ‘ladder’ illustration shows how implementation may be viewed from the new
regulation for plumbing product approvals. The adopted measures established the necessary
linkages built on reliance from each step of the regulatory approach and applied to each of the
specific functions. Confidence follows from legally set requirements that prescribe
qualifications to be followed.  As a result the newly established Oregon regulations would
provide uniformity for all jurisdictions in the state for uniform acceptance of plumbing products.

Jurisdiction Acceptance

Marking and Labeling

Product Approvals

Certification Programs

Accredited Testing Laboratories
by National Authorities

National & International Standards & Guides
Regulatory Public Health & Safety Requirements

/$''(5�IRU�1(&(66$5<
352&('85(6
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Enforcement of the regulation then became essential to the effort so that the common basis for
acceptance would not be circumvented.

Assurance from laboratory accreditation for test data results from assurance for
testing competency for proficiency in test measurements backed by requirements for
traceable calibration confirmation to national reference standards (and/or uncertainty of
measurements) [7, 8].  Testing capability can be readily determined from specific test
methods with the listed accreditation scope.  Important elements for conformance
methods recognized were:

- Laboratory requirement of independence assures confidence beyond testing
competency.  Laboratory certificates of accreditation include scopes of accreditation
for test methods listed for specific recognition.
- Laboratory assessment evaluations are conducted periodically by independent
technical experts in on-site visits.
-  Product certification provides validation of performance criteria established in the
state listing of referenced standards that are required for utilization plumbing
products [9].
Quality systems registration as a separate distinct requirement was not applied

directly.   Such systems are recognized to provide for essential management quality
practices to assure replication of products but does not assure test performance data
certainty from standard test methods. Control of manufactured products is made by
manufacturers through registration based upon assessments by registrar organizations to
evaluate quality system practices. In the new regulation quality system registration can
be a requirement for approval procedures can be allowed at the discretion of a special
deputy approval provision for limited products.

 Recognition of limitations and/or differences that result in conformity assessment
has previously been noted [3].

³&HUWDLQ�IRUPV�RI�FRQIRUPLW\�DVVHVVPHQW��VRPH�PRUH�ULJRURXV�WKDQ�RWKHUV��PD\
EH� LQYRNHG«� � 7KRVH� LQFOXGH� VDPSOLQJ�� LQVSHFWLRQ�� SURGXFW� WHVWLQJ�� SURGXFW
FHUWLILFDWLRQ�� SHUVRQQHO� FHUWLILFDWLRQ�� DFFUHGLWDWLRQ� RI� WHVWLQJ� DQG� FDOLEUDWLRQ
ODERUDWRULHV��PDQDJHPHQW�V\VWHP�UHJLVWUDWLRQ���IRU�,62������DQG���������DQG
UHFRJQLWLRQ�SURJUDPV´.

2UHJRQ�(IIRUW�&RPSOHWHG

Lack of objective independence for plumbing product approval practices for listings
(developed from plumbing code sponsorship) was to be made completely free of
potential narrow interest control. Principal shortcomings could be traced to inadequate
controls for objectivity in methods that were beyond state authority to regulate.
Approval evaluations had varied widely; at times test data substitution could occur from
only product plan reviews. The absence of test data resulted in no assurance or
confidence that product standards were the factual basis for acceptance.

Conditions existed which required manufacturers to have duplicated product test
approvals for acceptance in various state jurisdictions where different codes were in
place (possibly from early historical needs and evolution of private plumbing code
sponsors). Despite reference by code organizations to the same national standards for
test requirements performance variations were not uncommon; that reflected different
techniques of test validation methods applied, and lack of competency recognition of
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selected test laboratories. Competitive plumbing codes showed different products as
acceptable from plumbing manufacturers according to their own approval listings.

The necessary elements in the ‘ladder for necessary procedures’ were implemented
in a new regulation. Initially, the draft state efforts were to carry out specific functions
for adoption of conformity assurance in actions undertaken by state personnel. The final
regulation established that private independent organizations were to conduct those
tasks in support roles that fulfilled the approval processes cited. Product identification
labels display or visible markings were stipulated as required for acceptance of
products.

From the early recognition applications of conformity assessment methods were to
become necessary in order to achieve the new required requirements for regulatory
purposes. Four potential techniques considered were:

�LQVSHFWLRQ�DQG�WHVWLQJ�� �SURGXFW�FHUWLILFDWLRQ�
�ODERUDWRU\�DFFUHGLWDWLRQ�� �TXDOLW\�V\VWHP�UHJLVWUDWLRQ�

Those conformity procedures provide reliable evaluations from third party sources to
achieve elimination of uncertainty in practices, or departures from listed national
product standards requirements and acceptance criteria with confidence established
from testing.

,QLWLDO�'UDIW

Initial draft provisions adopted conformity assessment practices that would deeply
involve state employees in evaluations that would result in costly assessment activities
for onsite assessor evaluation activities.  To achieve proficient performance in those
activities costly training would be required and experience gained before achieving
proficient expertise. That provision was to provide independence for the objective
purposes previously not applied in product approval practices. The price for objectivity
was high for the process to set required staff capabilities at a competence level for
conducting assessments in compliance with conformity assessment practices. The
planning never lost confidence derived from conformity assessment practices through
objective evaluations.

Application of the steps in the ladder of requirements for product approvals became
evident to assure field and local jurisdictions would not make discretionary decisions for
products. The new practices would establish a common application basis throughout the
state for plumbing products based on product approvals from national standards. The
legally established approved mode of operation control would be at the state capital
office would exclude arbitrary decisions. Appropriate marking and labeling would be
unequivocally applied for presenting information by a clearly observable display for
inspection at local levels.

2UHJRQ�6WDWH�6ROXWLRQ

Further regulation for a comprehensive recognition process development was based
upon the draft and encouraged through NIST in cooperation with the Plumbing
Manufactures Institute (PMI) and with other interested representatives of the plumbing
community. To assist and guide in revision of Oregon draft plumbing regulations the
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cooperation of the Office of Standard Services (OSS) at the National Institute of
Standards and Technology (NIST) was requested. NIST assembled staff with trade and
engineering specialized backgrounds for presentations and discussions at meetings.
Review of the proposed draft plan was made with personnel assistance and provided
submittals in written commentary and recommendations.

State endeavors to directly undertake the involved procedures from conformity
assurance would duplicate already existing organization activities that were in place for
the same purposes.  Those functions were already functional and operated by existing
private sector programs, and also by selected public bodies in government; several were
particularly established that actively conducted program evaluations specifically for
conformity assurance with independent expert assessor that conducted periodic on-site
evaluations.

 Since the draft document was inclusive of necessary elements from conformity
practices the analysis indicated that the basis was sufficiently comprehensive and
avoided duplications.  Redundancy was unnecessary since all necessary aspects for
maintaining assurance from independent evaluations. Periodic reviews would be
maintained in accord with international guides for testing competency; product
certification and inspection provided in methods for accomplishment to desired goals.
The final step for product identification(s) from labeling, and/or marking, as the method
for displaying satisfactory performance from test evaluation acceptance criteria
established necessary assurance and confidence from the steps performed in the
prescribed measures. For the regulation and practice with conformity assessment
procedures to be effective the necessity for enforcement was also required and made
inclusive through the regulatory mandates (subject to Oregon legislative processes).

The state office agreed that required objectives for assurance based on recognized
third party independent organization participation achievement for compliance
responsibility to guides and standards would be purposeful.  Confidence in those special
capabilities to conduct necessary services conducted with staff and specialist assessors
for services was acceptable for application in final revisions to the proposed regulation
led to the final adoption.

Lesser budgetary impacts resulted from the final state regulation with different
implementation methods from the initial draft.  The cost-effective implementation of
rules that draws upon established independent organizations to implement conformity
assurance methods provided budget benefits as compared to the initial draft document.
Introduction of established independent organizations as the entities to conduct detailed
functions from conformity assurance techniques provided the basis for reliance which
would not require duplication to achieve assured objective(s) implementation of rules
from recognized guides.

7KH�(VWDEOLVKHG�5XOH

The final regulation adopted appears in the Oregon Administrative Rules 1998
Compilation, Division 770 [2].  Extracts of principal elements under the section
headings follow:
3XUSRVH�±�Approval procedures for plumbing product testing laboratories and product
certification systems.  No plumbing product may be sold unless in conformance with
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approved standards by an approved testing laboratory.  Listed by Board approval body.
Approval exemptions by special deputies,
'HILQLWLRQV���Adopted (mostly) from international references
&RPSRVWLQJ� WRLOHW� 5XOHV� – Installation, construction and permits for site control
established that allow only aerobic system decomposition of wastes and also the
disposal of resulting humus.
$SSURYDO� RI� 7HVWLQJ� /DERUDWRULHV� ± 1.  Test data acceptance only from approved
laboratory accreditation programs that apply requirements of ISO Guide 25:1990
(obsolete document now replaced by ISO 17025:1999) for competence.  Testing
laboratory approvals require a Certificate of Accreditation for listed specific test
methods from accrediting organizations.  2.  Only accrediting organizations that meet
ISO Guide 58:1993 (FXUUHQWO\� EHLQJ� UHZULWWHQ) and maintain active certifications for
testing laboratories with specific test methods in scopes of accreditation listed.  3.
Testing laboratory accreditation organizations approved are (a) National Voluntary
Laboratory Accreditation Program (NVLAP), and (b) Oregon Electrical and Elevator
Board.  Others may apply for recognition.
6WDQGDUGV� RI� $SSURYDO� IRU� %RGLHV� 2SHUDWLQJ� 3URGXFW� &HUWLILFDWLRQ� 6\VWHPV� �
2SHUDWLRQ for the purpose of providing written assurances that plumbing products
conform to specific product standards approved by the Board shall be required to show
compliance with ISO/TEC Guide 65:1996 or ANSI Z34.1: 1993. Product certifiers shall
provide one copy of product directory or listing for conformance.�
$SSOLFDWLRQV�3URFHGXUHV  - 1. Testing laboratory(s) approval for product conformance
testing to the approved standards shall submit application to Chief Plumbing Inspector
with Certificate of Accreditation from an approved laboratory accreditation program
organization.  2.  Laboratory accrediting organizations seeking approval to issue
Certificates of Accreditation shall submit application with evidence of compliance to
requirements of ISO/IEC Guide 58:1993.  3. Approvals for certifying organizations
require application to the Chief Plumbing Inspector that documents evidence of
compliance with requirements of ISO/IEC Guide 65: 1996 or ANSI Z34.1: 1993. 4.
Approvals for the foregoing organizations conducting their respective indicated
functions shall be for an indefinite period and contingent upon properly maintaining
compliance with the approval requirements.  5.  Written denials of applications shall be
provided; submittals of revisions by applicants may be made for applications without
prejudice.
5HYRFDWLRQ�RI�$SSURYDO - 1.  Failure to comply with any of the approval requirements
(in the rules) by any of the referred to organizations may be cause for revocation of
approvals.  2.  Notice of intent to revoke approval shall be given with thirty days
allowance for response, and review of Board’s decision, as provided for in Oregon
statutes.  Denial of appeal shall be stayed pending outcome of an appeal unless
immediate threat to health and public safety exists(s).
&KDQJH�LQ�6WDWXV – Changes in of any recognized approval accreditation or certification
system status shall be provided within 30 days.
3URGXFW�&HUWLILFDWLRQ�E\�6SHFLDO�'HSXWLHV – 1. Approval for plumbing products through
the Chief Plumbing Inspector may be made provided if: a. No more than three products
are intended; b. No more than two manufacturers and the requester for certification does
not intend further special deputy certification of the product for sale in Oregon; c.
Product not offered for sale in Oregon for more than two times over any two year period
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s following inspection approval.  2.  “Three similar products” includes custom
assemblies for same purpose.
6XEPLVVLRQ� RI� 3OXPELQJ�3URGXFWV� IRU�$SSURYDO� E\� 6SHFLDO�'HSXW\ - Sample of the
product(s) submitted for approval shall be made or site-specific location provided for
review.  Necessary supplemental information necessary for evaluation related to
approval shall be provided.
)HHV�DQG�3URFHGXUHV – 1. Payments are required for product approval fee at $40 per
hour for special inspections and payments shall be provided for special added
evaluations by submitter. 2. Payments shall be made in advance of inspection including
that for estimated costs; deposits not required for fee shall be refunded upon request.
6SHFLDO�'HSXW\�&HUWLILFDWLRQ�3URFHGXUHV – 1. Determination(s) shall be made by special
deputy inspector of product(s) to meet Board adopted minimum health and safety
standards by: a) Examination of product and components for compliance to application
and installation; b) Reviewing assembly of all components in correct utilization(s); c)
Reviewing code compliance; d) “Production type” testing required where applicable
under Board adopted product safety standard.  2. Product attached certification label by
special deputy inspector or certification label is authorized.  3.  Special deputy
examination actions for certification of production line products is authorized for
standards conformance and production control processes. Authorization is given for
special deputy to permit attached labels for products approved under quality control
production and allows periodic visits to manufacturing facility on conformance to
approved quality control plan.  Continued certifications of approved production line
products shall be conditioned on conformance to special deputy original approvals.
&HUWLILFDWLRQ�0DUNV�DQG�3URGXFW�6WDQGDUGV�,GHQWLILFDWLRQ – Listed products must be
identifiable either on the product or documentation enclosed in packaging.  If with
packaging required inclusion is: 1) Certified product picture, image or drawing; 2)
Registered marks of certifier; 3) Product specifications and standards for certification
with adoption dates; 4) Manufacturer and model number identifier; 5) Origin location of
manufacturing plant; 6) Labeling information required as listed in Board approved
standards.
6WDWXV�RI�([LVWLQJ�$SSURYHG�3OXPELQJ�3URGXFWV – Approved plumbing products as of
October 1, 1997 shall be reviewed against these rule provisions. Notification notice for
revocation of approval provides 30 days for response with judicial review available with
stay of action pending appeal unless of immediate thereat to health and safety.
$SSURYHG� 3OXPELQJ� 3URGXFW� 6WDQGDUGV� DQG� 6SHFLILFDWLRQV – Board approved
applicable standards and specifications are referenced as listed.

$SSOLFDWLRQV�&RPPHQWDU\

Acceptance of products by direct application of certification under ISO 9000 quality
registration was not adopted in this regulatory program. Quality registration for products
does not achieve all necessary assurances to provide reliably accurate test data that
results from laboratory accreditation. There is a need for necessary criteria for product
acceptance (…tell nothing about technical competence or ability to provide reliable and
accurate test data ….”) (10). However, Special Deputy Certification Procedures that
permits discretionary option for temporary product acceptance in limit period approvals;
if desired, that quality criteria could be applied after manufacturer site inspection. That
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limited application decision only achieves the certification purpose for products under
allowed limit rules.

The completed regulatory requirements provide confidence that independent sources
can provide an objective basis for evaluation of each function through adopted
conformity assurance methods according to international guides and/or national
standards. Uniform practices for plumbing products through eliminated product
approval listings from industry related sources. The goal for statewide uniformity by
acceptance of labeled products practically eliminates conflict of interest situations by
applying independent sources for implementing the regulation.

Mutual recognition arrangements for requirements need to have necessary only essential
elements from conformity assurance methods applications that include independence in
conducting detailed assessments from evaluation services; those that provide depths of
objectivity were used in the Rule for:
�D��Inspection and Testing - Approval of Testing Laboratories
�E�� Product Certification - Standards of Approval for Bodies Operating Product

Certification  Systems
�F��     Certification marks - Certification Marks and Product Standards Identification
�G��    Laboratory Accreditation.-Approval of Testing Laboratories;

and potentially implied
�H� System Registration -(ISO 9000 Series) Special Deputy Certification Procedures.

For regulatory programs it is essential to have compliance with specifications that
assure competence for developing test data from laboratories subject to independent
evaluations that affirm product performance set in standards criteria. In all cases listing
of designated plumbing test standards must be specific. Plumbing product standards and
specifications approved by the Oregon Board are referenced [9]. Referenced documents
are established and published by national (ANSI, ASTM, ASME) or international
organization (ISO). The strict qualifications for independent objectivity in the selections
assure confidence and trust in the result.

The purpose of laboratory accreditation programs assures competence of laboratories
through evaluations by independent expert assessors in the programs [see “International
Laboratory Accreditation Cooperation Why use an accredited laboratory”, ILAC (1998)
{at website} www.ilac.org]. The Oregon test laboratory accreditation requirement only
recognizes NVLAP because of independence from conflict of interests.  That selection
recognizes objectivity because all operations require functions to be in accord with U.S.
government practices; operations are fully described, see Handbook 150 [7], based on
international requirements of Guide 58.  NVLAP accredited laboratories need to satisfy
requirements of ISO Guide 25 (now replaced by ISO 17025) for all testing and
calibration accreditation programs. The specific plumbing accreditation program in
Commercial Products Handbook [8] is unique and is a public document. The plumbing
program scope of accreditation lists only test methods for which the laboratory has
achieved satisfactory evaluation for competency recognition by on-site assessment
supported by quality systems applied to testing in order to receive a Certificate of
Accreditation.

6WDQGDUGV

International acceptance methods for plumbing products require collaborative efforts
to develop common technical test requirements in performance standards. Viable
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approaches require performance test parameters applicable to differing practices in
nationally accepted standards. An analogy from legal metrology may apply.
Recommendations (i.e., standards) are accepted by nations that are treaty signatories to
the International Organization of Legal Metrology (OIML) [4].  Committees from
national organizations serve as Secretariats and bring participants from worldwide
member nations together for setting requirements and approval.

In other efforts plumbing developments from working groups in bilateral and
trilateral North American efforts (Canada, Mexico, United States; North American Free
Trade Act Bilateral Treaty). Those have demonstrated satisfactory resolutions from
international cooperation for needs based upon differences recognized for national water
supply conditions that can be applied to phrase precisely requirements in common
standards.

The Appendix lists organizations in the Western Hemisphere (6) that conduct related
activities in standards and conformance developments.  A significant examples of
common activity are the trade simplifications and European Norms as regional
standards that have been promulgated for member nations of  the European Union.

&RQFOXVLRQV

The Oregon model provides the setting of a legal mandate for plumbing product
approvals in a form for infrastructure and requirements from detailed conformity
assurance practices.  Identified organizations provide the primary purpose for
independent objective decisions without partiality.  The conditions achieved from
recognition for adherence to stipulated criteria and functions evaluated through
independent oversight requirements and assessor evaluations conform to requirements
based upon international guides and standards.  Independence from influences and
affiliations is assured to provide objective evaluations and certifications based on
international guides for compliance.

Consideration of that model in applications to trade and commerce can introduce
benefits from established product standards applied to commerce and trade issues. The
model system provides interested parties with the structure for determining recognition
of qualifications of conformity participants with assurance based on knowledge and
implementation practices. Acceptance of conformity assurance to practical procedures
can ensure uniform compliance from regulations with confidence for validity of
procedures and elimination of duplication for trade requirements.

In plumbing practices the introduction of modern techno-devices for functions in
automated buildings with integrated systems for energy management and water
conservation has introduced new trade opportunities. Additional efforts for revisions in
building codes and standards that effect health and safety must be undertaken.
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)7$$�&RXQWULHV�&RQIRUPLW\�$VVHVVPHQW�,QIUDVWUXFWXUH

&RXQWU\ ,QVSHFWLRQ�	�7HVWLQJ 3URGXFW�&HUWLILFDWLRQ 4XDOLW\�6\VWHP
5HJLVWUDWLRQ

/DERUDWRU\
$FFUHGLWDWLRQ

$QWLJXD�	�%DUEXGD The Antigua and Barbuda Bureau of
Standards will conduct inspection and
testing.  However, it does not have any
testing facilities yet.  Efforts are being
made to acquire the facilities, equipment
and training to support local industry needs,
principally in the areas of food, clothing,
automotive and building materials. Often
the testing facilities of the Bureau of
Standards of Trinidad and Tobago and
Jamaica are used.  Also the Ministry of
Agriculture does some limited testing in the
food sector.  Usually inspection and testing
results issued by other countries are
accepted.

The Antigua and Barbuda Bureau of Standards is
the official body for product certification.  Sixty
percent of the national Gross Domestic Product
comes from tourism.  A program to certify hotels is
in progress.  Other product certification programs to
support local cottage industries such as food
processing, clothing, brewery, distillery are being
considered.  In general, product certification results
from other countries are accepted in the country.

The Antigua and Barbuda Bureau of
Standards is the official national
body for quality system registration.
The sectors of importance are the
hospitality industry and
manufacturing industry.  In general,
quality systems
registrations/certifications from
other countries are accepted in the
country.

The company in the Cable and
Wireless sector has received the ISO
9002 registration.

Presently Antigua and
Barbuda does not have a
national laboratory
accreditation program.

+RQGXUDV There are seven (7) inspection and testing
bodies, five (5) in the public sector and two
(2) mixed bodies (drugs and meats). The
Department of Standards and Metrology,
part of the Secretariat for Industry and
Commerce (SIC), is authorized to issue and
enforce compliance of the official quality
standards, and as set forth in the consumer
protection law, it receives advisory services
and assistance from the Inter-institutional
Commission for Standardization. Generally
speaking, testing inspections from other
countries are accepted in the Honduran
market.

Currently, there is no national agency for product
certification. The origin of national products is
certified by SIC through the center for export
processing of the General Directorate of Business
Management (CENTREX); meats are certified at
the Secretariat for Agriculture and Livestock (SAG)
authorized by the fitosanitary law. The Metrology
Law should be passed soon. The regulations in this
law involve mandatory and voluntary
standardization activities, inspection, verification of
technical quality, certification of products and
systems and accreditation. In addition, Honduras is
considering the creation of an Institute of
Metrology and Quality (INMECA) which will
support the implementation of the aforementioned
law.

SIC has the power but does not have
the structure to issue the results of
certification of quality systems.
However, private companies in
Honduras have been
certified/accredited by other
accredited international
organizations. Honduras accepts
certifications from other countries
for commercial purposes that
operate in the non-regulated field.

Presently Honduras does
not have a national
laboratory accreditation
program. In the public
sector, the Health
Secretariat accredits its
laboratories through the
Food Control Laboratory.

In the private sector, Red
Technical Services
functions as the accrediting
agency for Texaco
Laboratories.
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&RXQWU\ ,QVSHFWLRQ�	�7HVWLQJ 3URGXFW�&HUWLILFDWLRQ 4XDOLW\�6\VWHP
5HJLVWUDWLRQ

/DERUDWRU\�$FFUHGLWDWLRQ

0p[LFR Each government department is
responsible for verifying and
monitoring compliance with the
standards they issue. In cases related
with the interests of the public in
general, monitoring of compliance
with the Official Mexican Standards is
the responsibility of the Government’s
Public Prosecutor’s Office for
Consumer Affairs (PROFECO).  For
imported goods subject to the Mexican
Official Standards regarding their
entry into the country, verification and
monitoring is the responsibility of the
General Customs Office, part of the
Tax Administration Service of the
Department of the Treasury and Public
Credit. The tests indicated in the
Official Mexican Standards are carried
out by testing laboratories accredited
by the Mexican Accreditation Agency,
A.C. (EMA).  The results are
presented before verification units
(VU), also accredited by the EMA.
The VU’s issue the report verifying
compliance with the applicable
standard. This report makes it possible
to import the product in question.

In México, the body responsible for product
certification is the Mexican Accreditation
Agency, A.C. (EMA). EMA is a civil association
to which all Government departments have
delegated the responsibility of deciding the
technical competency of the certification bodies.
In addition, the certification bodies must obtain
approval from the body that issues the
corresponding Official Mexican Standards. The
DGN, General Directorate of Standards, certifies
products in accordance with Mexican National
Standards, for which SECOFI is responsible
through the verification units (UV’s). SECOFI
has accredited approximately five certification
bodies from the private sector such as ANCE,
NYCE, IMNC, NORMEX, CRT.  These bodies
have been accredited to handle specific voluntary
standards and under which they can issue
certificates for the relevant products. For more
details go to SECOFI’s web page
(www.secofi.gob.mx) or
(www.secofi.gob.mx/dgn8.html).

Accreditation and follow-up responsibility was
transferred from the DGN to EMA in 1999. The
DGN maintains its role as monitor of these
bodies.

The entity responsible for the
Accreditation of the bodies that
register Quality Systems is the
Mexican Accreditation Agency
(EMA). The bodies previously
accredited by the DGN will be
accredited  by the EMA in 1999.

The DGN has accredited  four
bodies whose activity is the
certification/registration of quality
assurance systems. They are: one
international body, the SGS of
México, and three national bodies,
IMNC, CALMECAC and
NORMEX.

Currently, México has more than
192 corporations that have obtained
ISO 9000 certification.

The DGN has accredited over 398
testing laboratories through the
National Accreditation System for
Testing Laboratories  (SINALP), It
has also accredited more than 79
calibration laboratories in 139
measurement areas.

Accreditations issued by SINALP will
become EMA accreditations in 1999.
EMA will continue with the function
of determining the technical ability of
the testing and calibration laboratories
in addition to performing periodic
reviews of the same. The various
departments that issue the Official
Mexican Standards will determine
whether to accept or reject the validity
of the results from the laboratories
whose technical capacity has been
recognized by EMA. This
determination shall be made
concurrently with the evaluation of the
technical capacity of the laboratory in
question or subsequently.
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&RXQWU\ ,QVSHFWLRQ�	�7HVWLQJ 3URGXFW�&HUWLILFDWLRQ 4XDOLW\�6\VWHP
5HJLVWUDWLRQ

/DERUDWRU\�$FFUHGLWDWLRQ

6DLQW�.LWWV�DQG�1HYLV No information. No information. No information. No information.

1LFDUDJXD Nicaragua has approximately 8
public institutions, 5 private
entities and 15 academic bodies
that perform inspections and
testing in accordance with each
subject. For example, in the
public sector operations are
carried out by the Department of
Health (food and
pharmaceuticals), Department of
Agriculture and Livestock (meat,
chicken, seafood, agricultural
products, agrochemicals),
Department of Construction and
Transportation (Construction
materials) and the Department of
Natural Resources (Environment).

There is no national agency in Nicaragua
for product certification other than the
Government Departments named under
Inspection and Testing.

Currently, Nicaragua is setting up the
Nicaragua Integrated Quality System
(SICAN) which includes, among others, a
national system of Technical and Quality
Standards. There is a coordinating
commission, three technical committees
and several work groups within this system
where the subject of product certification
will be developed appropriately.

Currently, Nicaragua does not have
a national agency to register or
certify quality systems. However,
Nicaragua is in the process of
establishing the Nicaragua
Integrated Quality System, SICAN,
which will include the National
Accreditation System which will
oversee the system Certification
Bodies.

Nicaragua has one company that
holds ISO 9000 certification issued
by SGS of Nicaragua.

Currently, there is no national
laboratory accreditation system,
however, under SICAN, a
National Accreditation Office
would be created.  This office will
establish a Network of Accredited
Laboratories.
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$33(1',;

Excerpts from […] are presented for information and acronyms frequently applied in

conformity assessment discussions�
F��([SODQDWRU\�1RWHV

1. The�,QWHUQDWLRQDO�/DERUDWRU\�$FFUHGLWDWLRQ�&RRSHUDWLRQ (ILAC) is an international cooperation
among 44 laboratory accreditation schemes operated throughout the world. ILAC is a forum for the
development of laboratory accreditation practices and procedures, the promotion of laboratory
accreditation as a trade facilitation tool, the assistance of developing accreditation systems, and the
recognition of competent test facilities around the world.  ILAC also provides advice and assistance
to countries that are in the process of developing their own laboratory accreditation systems.

2. The ,QWHUQDWLRQDO�$FFUHGLWDWLRQ�)RUXP (IAF) is an organization of accreditors of certifiers,
association of certifiers and internationally oriented trade associations.  The purpose of IAF is to
share experiences in carrying out accreditation and certifications in the use of ISO/IEC guides.  IAF
also seeks to establish the equivalence of the programs of its members that are accreditors.

3. The ,QWHUDPHULFDQ�$FFUHGLWDWLRQ�&RRSHUDWLRQ (IAAC) is a regional organization of accreditation
bodies from the American countries whose main purpose is to harmonize accreditation procedures and
reach multilateral recognition of conformity assessment systems.   IAAC accreditation includes product
certification, personnel certification, quality and environmental systems registration and laboratory
accreditation. IAAC supports the development of accreditation systems in any member country seeking to
set one up and in compliance with the appropriate ISO/IEC international guides.
Note that the members of ILAC, IAF or IAAC are accreditation bodies and QRW countries.  There may be
more than one accreditation body per economy that are represented in these international bodies.

G�([SODQDWRU\�1RWHV

Mmbership in the World Trade Organization (WTO); also if a country has submitted an implementation
statement, established an enquiry point or signed the Code of Good Practice (Annex 3).

,PSOHPHQWDWLRQ�6WDWHPHQW
Each WTO Member must notify Members of the measures in existence or taken to ensure the
implementation and administration of the Agreement and of any subsequent changes to them (Article
15.2). The statement must include:
1. All relevant laws, regulations, administrative orders, and other relevant documentation that ensures

that the provisions of the Agreement are being applied;
2. The names of the publications where technical regulations, standards and conformity assessment

procedures are published;
3. The expected length of time for the presentation of written comments on technical regulations,

standards or conformity assessment procedures;
4. The name and address of the Enquiry Points established under Article 10.

(QTXLU\�3RLQW
As a complement to the obligation to notify, each WTO Member must set up a national enquiry point.
The enquiry point is a focal point where other WTO Members can request and obtain information and
documentation on: (a) Member’s technical regulations; (b) standards and conformity assessment
procedures, whether impending or adopted; (c) participation in bilateral or multilateral standard-related
agreements, regional standardizing bodies and conformity assessment systems (Article 10).

Enquiry points can be governmental bodies or be assigned to private agencies. There may be more than
one enquiry point per country, but they must coordinate with one another and provide complete
information to interested parties.  The obligation to set up enquiry points is important for countries
wishing to acquire information from other Members on foreign regulations and standards affecting
products in which they have a trade interest.
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&RGH�RI�*RRG�3UDFWLFH
The Code of Good Practice for the Preparation, Adoption and Application of Standards defines
disciplines for central government, local government, non-governmental and regional standards bodies
developing voluntary standards.  The Code is recommended for adoption by all of these standards bodies;
however, central government standards bodies must accept and comply with the provisions of the Code.
A standards body wishing to adhere to or withdraw from the Code has to notify its acceptance of or
withdrawal from the Code using the appropriate notification.  Standards bodies that have accepted the
Code must report their work program at least twice a year and where details of this program can be
obtained. Notifications have to be sent either directly to the ISO/IEC Information Center in Geneva, or to
the national member of ISO/IEC.

7DEOH����0HPEHUVKLS�WR�,QWHUQDWLRQDO�DQG�5HJLRQDO�6WDQGDUGV�%RGLHV

0HPEHUVKLSCountry 1DWLRQDO�������������6WDQGDUGV
%RG\

7\SH
,62 ,621(7 &23$17

$QWLJXD�	�%DUEXGD $%%6 *RY

$UJHQWLQD ,5$0 3UY • • •

7KH�%DKDPDV $JULFXOWXUH�'HSW�

(QY��+HDOWK�'HSW�

*RY

%DUEDGRV %16, 0L[ •�&� • •

%HOL]H %%6

%ROLYLD ,%125&$ 3UY •�&� •

%UDVLO $%17 3UY • • •

&DQDGD 6&& 0L[ • • •

&KLOH ,11 3UY • • •

&RORPELD ,&217(& 3UY • • •

&RVWD�5LFD ,17(&2 0L[ • • •

'RPLQLFD 1RQH

(FXDGRU ,1(1 *RY • •

(O�6DOYDGRU &21$&<7 *RY •�&� •

*UHQDGD *'%6 *RY •�6� •

*XDWHPDOD &2*8$125 0L[ •�&� •

*X\DQD *1%6 *RY •�6� •

+lLWL 1RQH

+RQGXUDV '10�6,& *RY

-DPDLFD -%6 *RY • • •

0p[LFR '*1 *RY • • •

1LFDUDJXD '*&7 *RY •�&�

3DQDPi '*17, *RY • • •

3DUDJXD\ ,171 *RY •�&� •

3HU~ ,1'(&23, *RY •�&� •

5HS~EOLFD�'RPLQLFDQD ',*(125 *RY •�6� •

6DLQW�/XFLD 6/%6 *RY •�6�

6W�.LWWV�	�1HYLV �1L

6W�9LQFHQW�	�*UHQDGLQHV 1L

6XULQDPH 1RQH

7ULQLGDG�	7REDJR 77%6 0L[ • • •

8QLWHG�6WDWHV $16, 3UY • • •

8UXJXD\ 81,7 3UY • •

9HQH]XHOD )21'21250$ 3UY • • •
             (C) = Correspondent Member (S) = Subscriber Member   * See explanatory note 2

       •  = Yes   Blank = No   ni = no information
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H��([SODQDWRU\�1RWHV

1. Acronyms for the National Standards Bodies (NSB) of the FTAA countries and full names
2. The United States does not have an official NSB.  The $PHULFDQ�1DWLRQDO�6WDQGDUGV�,QVWLWXWH

(ANSI) is a federation of private sector standards developers and is the U.S. representative to the
ISO.  Not all the standards developers in the United States belong to ANSI, nor are they obligated to
do so.

3. The ,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ�(ISO) is a private international organization
dedicated to voluntary standardization.  Its membership consists of recognized national standards
bodies from 129 countries.  Membership in ISO is by the National Standards Body listed in column
2.

4. The ,62�,QIRUPDWLRQ�1HWZRUN�(ISONET) links the information centers of the ISO members into a
coherent information system.  ISONET is an agreement between standards bodies to combine their
efforts in order to make information on standards, technical regulations and related matters readily
available whenever it is required.  Column 5 lists the ISO members that are members of ISONET.

The�3DQDPHULFDQ�6WDQGDUGV�&RPPLVVLRQ (COPANT) is a regional standards organization that develops
or harmonizes regional standards where appropriate and coordinates regional positions and representation
to the ISO.  Membership in COPANT is by the National Standards Body listed in column

I��([SODQDWRU\�1RWHV

1. Unlike the ISO and COPANT, membership in ITU or IEC is not necessarily by the National
Standards Body.���The ,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQV�8QLRQ (ITU) is a treaty organization that
develops standards in the telecommunication and services industries.  Membership in ITU is
comprised of government representatives from 185 countries.  In the United States, the Department
of State coordinates representation.

2. The ,QWHUQDWLRQDO�(OHFWURWHFKQLFDO�&RPPLVVLRQ (IEC) develops standards for electrical and
electronic engineering products and devices.  Membership in IEC is by the presidents of the national
committees of 60 countries.  The U.S. National Committee to the IEC is housed at ANSI.

&RGH[�$OLPHQWDULXV &RPPLVVLRQ (Food Code in Latin) is a subsidiary of the Food and Agriculture
Organization of the United Nations (FAO) and the World Health Organization (WHO).  The Codex
system was set up to facilitate trade in food while protecting consumer’s health and ensuring fair practices
in food trade.  Codex is the compilation of all the Standards, Codes of Practice, Guidelines and
Recommendations of the Codes Alimentarius Commission and of government reactions to these. To be
comprehensive, Codex was included in this document since many FTTA countries have economies which
are largely based on the export of food products.

J��([SODQDWRU\�1RWHV

1. 7KH�,QWHUQDWLRQDO�2UJDQL]DWLRQ�RI�/HJDO�0HWURORJ\ (OIML) is an intergovernmental treaty
organization whose membership includes Member States (countries which participate actively in
technical activities) and Corresponding Members (countries which join OIML as observers).  OIML
promotes global harmonization of legal metrology procedures and provides metrological guidelines
for the elaboration of national and regional requirements concerning the manufacture and use of
measuring instruments for legal metrology applications.

2. The %XUHDX�,QWHUQDWLRQDO�GHV�3RLGV�HW�0HVXUHV (BIPM) (International Bureau of Weights and
Measures) ensures world-wide uniformity of measurements and their traceability to the International
System of Units.  It does this with the authority of the Convention of the Metre, a diplomatic treaty
among forty-eight nations.  It operates through a series of Consultative Committees whose members
are the national metrology laboratories of the nations that have signed the treaty.

3. 7KH�,QWHUDPHULFDQ�0HWURORJ\�6\VWHP (SIM) brings together the National Metrology Laboratories
of the FTAA countries.  The goal of SIM is to promote international and regional cooperation
throughout the Americas, in order to contribute to the improvement of activities in the domain of
scientific, industrial and legal metrology.  The region is divided into five subregions, which are
Noramet, Camet, Carimet, Andimet, and Suramet.  Column 4 lists the relevant subregion for each
country.

4. The�,QWHUQDWLRQDO�/DERUDWRU\�$FFUHGLWDWLRQ�&RRSHUDWLRQ (ILAC) is an international cooperation
among 44 laboratory accreditation schemes operated throughout the world. ILAC is a forum for the
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development of laboratory accreditation practices and procedures, the promotion of laboratory
accreditation as a trade facilitation tool, the assistance of developing accreditation systems, and the
recognition of competent test facilities around the world.  ILAC also provides advice and assistance
to countries that are in the process of developing their own laboratory accreditation systems.

5. The ,QWHUQDWLRQDO�$FFUHGLWDWLRQ�)RUXP (IAF) is an organization of accreditors of certifiers,
association of certifiers and internationally oriented trade associations.  The purpose of IAF is to
share experiences in carrying out accreditation and certifications in the use of ISO/IEC guides.  IAF
also seeks to establish the equivalence of the programs of its members that are accreditors.

6. The ,QWHUDPHULFDQ�$FFUHGLWDWLRQ�&RRSHUDWLRQ (IAAC) is a regional organization of accreditation
bodies from the American countries whose main purpose is to harmonize accreditation procedures
and reach multilateral recognition of conformity assessment systems.   IAAC accreditation includes
product certification, personnel certification, quality and environmental systems registration and
laboratory accreditation. IAAC supports the development of accreditation systems in any member
country seeking to set one up and in compliance with the appropriate ISO/IEC international guides.

7. Note that the members of ILAC, IAF or IAAC are accreditation bodies and QRW countries.  There may
be more than one accreditation body per economy that are represented in these international bodies.
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7DEOH����:72�0HPEHUVKLS�DQG�6HOHFWHG�2EOLJDWLRQV

&RXQWU\ :72 ,PSOHPHQWDWLRQ
6WDWHPHQW�������

(QTXLU\�3RLQW &RGH�RI
*RRG

3UDFWLFH
$QQH[��

$QWLJXD
	%DUEXGD

• ♦

$UJHQWLQD • • • •

7KH�%DKDPDV

%DUEDGRV • • • •

%HOL]H • ♦

%ROLYLD • • •

%UDVLO • • • •

&DQDGD • • •

&KLOH • • • •

&RORPELD • • • •

&RVWD�5LFD • • •

'RPLQLFD • ♦

(FXDGRU • • •

(O�6DOYDGRU • • •

*UHQDGD • •

*XDWHPDOD • ♦

*X\DQD • ♦ •

+lLWL •

+RQGXUDV • • •

-DPDLFD • • •

0p[LFR • • • •

1LFDUDJXD • ♦

3DQDPi • • ♦ •

3DUDJXD\ • ♦

3HU~ • • • •

5HS~EOLFD
'RPLQLFDQD

• • •

6W��.LWWV�	�1HYLV •

6DLQW�/XFLD • • •

6W��9LQFHQW�	
*UHQDGLQHV

•

6XULQDPH •

7ULQLGDG
	7REDJR

• • • •

8QLWHG�6WDWHV • • • •

8UXJXD\ • • •

9HQH]XHOD • ♦ •
        •  = Yes; Blank = No ♦ = Sanitary and Phytosanitary Enquiry Point only
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7DEOH����0HPEHUVKLS�WR�RWKHU�,QWHUQDWLRQDO�6WDQGDUGV�%RGLHV

0HPEHUVKLS&RXQWU\
,78 ,(& &2'(;

$QWLJXD�	�%DUEXGD •

$UJHQWLQD • •

7KH�%DKDPDV •

%DUEDGRV • •

%HOL]H • •

%ROLYLD • •

%UDVLO • • •

&DQDGD • • •

&KLOH • •

&RORPELD • •�3� •

&RVWD�5LFD • •

'RPLQLFD •

(FXDGRU • •

(O�6DOYDGRU • •

*UHQDGD • •

*XDWHPDOD • •

*X\DQD • •

+lLWL • •

+RQGXUDV • •

-DPDLFD • •

0p[LFR • • •

1LFDUDJXD • •

3DQDPi • •

3DUDJXD\ • •

3HU~ • •

5HS~EOLFD�'RPLQLFDQD • •

6DLQW�/XFLD •

6W�.LWWV�	�1HYLV •

6W�9LQFHQW�	�*UHQDGLQHV

6XULQDPH • •

7ULQLGDG�	7REDJR • •

8QLWHG�6WDWHV • • •

8UXJXD\ • •�3� •

9HQH]XHOD • •
         (P) = Pre-associate Member     •  = Yes Blank = No
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7UHQGV�DQG�ODWHVW�GHYHORSPHQWV�LQ�WKH�XVH
RI�3(�DQG�33�SLSH�V\VWHPV�IRU�EXLOGLQJV
ZDWHU�VXSSO\�DQG�VHZDJH

5��%UHVVHU������.��(EQHU����
(1) robin.bresser@borealisgroup.com
(2) karl.ebner@borealisgroup.com
Business Unit Pipe, Borealis A/S, Denmark

$EVWUDFW

In Europe, polyethylene (PE) and polypropylene (PP) plastics have been used increasingly and with an
excellent track record for piping systems inside and around buildings over the past 40 years. Most
commonly used are crosslinked PE and specially stabilised PP-R for hot water applications, flexible PE
compounds for house connection water and gas pipes and, more recently, high impact strength and
stiffness PP-B for sewage. A high level of quality and installation efficiency has been developed over the
years through improved raw materials and a clear system approach (raw materials, pipes, fittings,
installation procedures, training). This level is safeguarded by CEN, ISO as well as local standards and
regulations. In future, the use of PE and PP is expected to continue its strong growth due mainly to the
excellent material properties and increasing acceptance among installers, architects, authorities and house
owners. Borealis as world-wide the leading supplier and developer of PE and PP raw materials for these
applications, now see this trend spreading rapidly into other areas such as China, South America, the
Middle East and the USA. This paper gives an overview of the PO systems commonly used for the
different applications as well as the relevant technical advantages and limitations, standardisation, track
records and future trends for each.

.H\ZRUGV

PE and PP pipe systems; building sanitary and heating systems; sewage and waste water

��&RQWHQWV

What are polyolefins and how are they used for pipe
Types of polyolefins in buildings pipe applications
Illustration of common polyolefin pipe systems
System quality requirements and standardisation
Environmental impact
Conclusions and outlook for the future
References
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��:KDW�DUH�SRO\ROHILQV�DQG�KRZ�DUH�WKH\�XVHG�IRU�SLSH

The most common polyolefins (PO), polyethylene (PE) and polypropylene (PP), are produced by

polymerising ethylene or propylene gas in the presence of a catalyst at moderate temperatures and

pressures. The monomers are built into a range of molecular weights during polymerisation and by using

modern catalysts, different comonomers  and polymerisation techniques (such as the two reactor

Borstar process), molecular weight distribution and molecular configuration can be carefully controlled.

For all pressure pipe and some non pressure pipe application, ready made PE or PP compounds -

produced as illustrated for PP in Figure 1 - are offered to the pipe and fitting producers for quality,

accountability and cost reasons.

)LJXUH���±�3URGXFWLRQ�RI�UHDG\�PDGH�SRO\SURS\OHQH�SLSH�FRPSRXQGV

As pipe and fitting materials, polyolefins have built up an excellent track record for
over 40 years. Properties such as flexibility, non corrosiveness, light weight, weldability
and cost competitiveness, have made users aware of the advantages and possibilities
polyolefin pipes offer compared to other pipe materials. Furthermore the polyolefin pipe
industry has demonstrated excellent innovation in designing raw materials and pipe
systems for specific applications. Borealis, being the leading supplier of polyolefin pipe
compounds, has participated in this development and is now leading the way into the
future with an extensive product portfolio to highlight the benefits of polyolefins as
piping materials.

The European plastic pipe market of around 2,5 million tons is today basically
equally divided between poly vinyl chloride (PVC) and polyolefins, but polypropylene
and polyethylene have over the past 10 years been demonstrating 3-4 times higher
growth rates than PVC.
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��7\SHV�RI�SRO\ROHILQV�XVHG�LQ�EXLOGLQJV�SLSH�DSSOLFDWLRQV

Of the 1,2 million tons total market for polyolefin pipes in Europe, around 8 % found its use in building
hot water applications and another 12% in drainage or sewage applications. If you look around typical
modern European houses, you would commonly find pipes and fittings made of 4 different types of
polyolefins: high density polyethylene (HDPE), cross linked polyethylene (PEX), polypropylene random
copolymer (PP-R), and polypropylene block copolymer (PP-B).
It is important to realise that these materials have very different properties and have been designed and
documented to fulfil the requirements of different applications. Especially important here is the
application temperature for the designed service life of typically 50 years.

)LJXUH���±�$SSOLFDWLRQ�WHPSHUDWXUHV�RI�GLIIHUHQW�SRO\ROHILQ�SODVWLFV

From Figure 2 it can be seen that un-crosslinked PE is suitable for gas and cold water applications (in a
specially heat stabilised version for up to 50 °C).
Cross-linking the PE chains by chemical or physical process (PEX) greatly increases the long term
temperature resistance, notch resistance and memory effect making these materials suitable for hot water
applications.
)LJXUH���±'LIIHUHQW�W\SHV�RI�SRO\SURS\OHQH

Polypropylene homopolymer, PP-H is made by polymerising propylene and by introducing ethylene as a
comonomer, polypropylene copolymer, PP-C can be produced. The ethylene can be introduced in blocks
and with a higher percentage for what is classified as a “block copolymer”, PP-B or at random and more
dispersed for a “random copolymer”, PP-R (Figure 3).
PP-R, the most recent development, has been further improved to obtain the best long term heat stability,
slow crack growth resistance performance and welding performance. This material is used for hot and
cold water sanitary systems and heating pipes.
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PP-B is typically used for non-pressure applications such as sewage, profiles and cable conduits, where
the long term pressure resistance is not critical and cold temperature impact strength and suitability for
compounding with fillers are more important.
PP-H shows superior resistance to certain chemicals and is therefore preferred for sheet, filter plates,
pipes and fittings in industry application. It also has the greatest stiffness and short term mechanical
strength but a lower impact strength at cold temperatures (around 0°C).

��,OOXVWUDWLRQ�RI�FRPPRQ�SRO\ROHILQ�SLSH�V\VWHPV

����+RW�DQG�FROG�ZDWHU�VXSS O\
 In 1997 roughly 1,6 billion meters of sanitary and heating pipes were installed in east and west Europe
alone. According to a German study, KWD, 36% of this was plastic based, mostly PEX or PP-R (Table
1).

7DEOH���±�5DZ�PDWHULDOV�XVHG�IRU�VDQLWDU\�DQG�KHDWLQJ�SLSHV�LQ�(XURSH

Market growth trends, for example in a very large and competitive buildings market like Germany,
demonstrate clearly that the acceptance of plastic systems among installers, architects, authorities and
house owners is increasing (Figure 4). It is interesting to note that solely plastic systems profited from the
building boom after the German reunification.

)LJXUH���±�*DLQ�LQ�PDUNHW�VKDUH�RI�SODVWLF�V\VWHPV�LQ�*HUPDQ\

In countries with a large use of traditional galvanised steel pipes and the big corrosion problems
associated with this, the substitution with mainly PP-R has been particularly dramatic. Turkey (Figure 5),
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Italy, Argentina, East Europe and most recently China are good examples of this. The success of PP-R
has globally documented itself by the rapid market growth to today 60 ktons since its introduction for
heating and plumbing in Germany more than 15 years ago.

Source: KWD, Germany 1999
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)LJXUH���±*URZWK�RI�33�5�YV��JDOYDQLVHG�VWHHO�VDQLWDU\�V\VWHPV�LQ�7XUNH\

For sanitary systems, different installation techniques are used taking advantage of
the material properties. PP-R systems are installed in traditional straight lengths with
socket welded fittings (Figure 6) and are typically dimensioned as SDR 6. PEX systems
are installed as flexible SDR 7,4 lengths or as a stiff, bendable multi-layer aluminium
constructions (Figure 7). Both types of constructions are jointed with press or shrink fit
fittings, as PEX can not easily be welded but has excellent memory shrinkage
properties.

)LJXUH���±�33�5�GULQNLQJ�ZDWHU
LQVWDOODWLRQ
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)LJXUH���±�0XOWL�OD\HU�3(;�$OXPLQLXP�SLSHV

����8QGHU�IORRU�DQG�UDGLDWRU�KHDWLQJ
Due to their high temperature resistance, PP-R and PEX pipes are also suitable for

radiator connections (Figure 8).

)LJXUH���±�33�5�V\VWHPV�IRU�UDGLDWRU
FRQQHFWLRQV

Polyolefin pipes have good flexibility making them easy to bend and install for floor
heating application (Figure 9).

)LJXUH���±�3(;�IRU�IORRU�KHDWLQJ�V\VWHPV

����:DOO�KHDWLQJ�DQG�FRROLQJ
An innovative application is the heating and cooling mats for air conditioning in buildings without the
disadvantages of circulating air. In addition to the flexibility, the excellent and safe weldability at the
many joints makes PP-R the best material choice.
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)LJXUH�����&RROLQJ�DQG
KHDWLQJ�PDWV�IRU�DLU�FRQGLWLRQLQJ

����,QGRRU�DQG�RXWGRRU�VHZDJH�DQG�ZDVWH�ZDWHU
According to a CDC study published in 2000, plastic systems have at least 90%

share of the indoor soil and waste water systems market in most European countries.
This is due to their non corrosiveness, ease of installation and cost competitiveness. The
only weak aspect is that noise can be a problem in flushing systems, especially in high
buildings. Low noise polypropylene pipe compounds and insulation system solutions
have been developed to meet the renewed threat from cast iron pipes on the market.

From Figure 11 it can be seen that the soil and waste water application is dominated
by PVC. While the PVC market has a matured, however, and growth rates have been
stagnating since 1994, the market for PP-B systems has expanded at a rate of 8%.

Advantages of PP-B systems are their good impact strength and form stability in
resisting to hot waste water from washing and dishwasher machines (up to 97 °C
containing detergents).

)LJXUH�����(XURSHDQ�PDUNHW�IRU�VRLO�	�ZDVWH�SODVWLF�SLSH�V\VWHPV

For outdoor sewage applications, pipe stiffness and in many climates cold
temperature impact strength are especially important. Also, corrugated constructions are

(XURSHDQ�0DUNHW�IRU�6RLO�	�:DVWH�3ODVWLF�3LSH�

6\VWHPV

( = 305 kt in 2000 = 90% of total market)
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very common as they offer improved stiffness with less material (Figure 12). Recently,
Borealis has very successfully introduced to the market a new PP-B with greatly
improved stiffness and impact strength especially designed for this application. In
Sweden, for example, the use of PP sewage pipes has exploded from just 6% in 1997 to
over 25% in 1999.

)LJXUH�����33�V\VWHPV�IRU�VHZDJH�DSSOLFDWLRQV

��6\VWHP�TXDOLW\�UHTXLUHPHQWV�DQG�VWDQGDUGLVDWLRQ

����7KH�V\VWHPV�DSSURDFK
Polyolefins have established their position for all indoor pipe applications from sanitary to cable conduits.
A key success factor for all plastic pipes has been the systems approach. A system typically includes
pipes, all fittings and valves, auxiliary installation materials, installation procedures and in most cases a
raw material specification. Advantages of the system approach are the complete availability of compatible
parts and the clear approval and liability. Many systems suppliers also provide a corresponding guarantee.
Furthermore, the accumulation of know-how and experience by the system supplier leads to excellent
training facilities and continuous optimisation of the speed and ease of installation.

����4XDOLW\�UHTXLUHPHQWV�RI �WKH�V\VWHP
A good example to illustrate system quality requirements is that of sanitary installations. Here the tricky
requirement combination of drinking water neutrality and lifetime of 50 years at 60 - 70 °C pressure
application must be met.
For the former, the recipe of the raw material must be according to national and European positive lists
and additionally authorities, for instance in Germany, France, Holland and Scandinavia require formalised
taste and odour testing of some raw materials and of the final products (Figure 13).
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)LJXUH������6WHSV�RI�WDVWH�DQG�RGRXU�FRQWURO�RI�WKH�UDZ�PDWHULDO�DQG�SLSH

For the latter, it is best practice to use long term pressure testing and standardised extrapolation methods
to statistically demonstrate that the elevated temperature lifetime of one raw material or modified type of
pipe. More than 400 pipes made of Borealis RA130E - for example - have been tested in different
environments (water/water and water/air) at 6 temperatures between 20 ºC and 120 ºC over a period of
more than three years. As quality control some points of this extrapolation are regularly cross checked

with pipes or welded
testing trees (Figure
14).

)LJXUH�����
3UHVVXUH�WHVWLQJ�RI
33�5�UDZ
PDWHULDOV�DQG
V\VWHPV

Over time, the
weakest link in a
piping system is
often the jointing
technology. In
sanitary systems this
is especially critical
due to the severe
pressure and

temperature changes when the taps are turned on and off. To offer durable connections, different raw
materials require different techniques, such as welding, pressing, threading, shrink fit and gluing. In any
case, it has to be secured that pipes and fittings fit together in terms of dimensioning and design. To check
this, a specific test equipment has been developed as described in Figure 15. The thermal cycling test is
carried out under pressure on a sample system consisting of typical fittings and jointing techniques. The
temperature of the water running through this system is changing over 5000 cycles every 15 minutes very
quickly from 20 ºC to 95 ºC. This test simulates quite well what happens in the field during some years of
operation.



E3 10/12

)LJXUH������7HPSHUDWXUH�F\FOH�WHVW�IRU�MRLQWHG�V\VWHPV�DFFRUGLQJ�WR�(1������

����(QIRUFLQJ�WKHVH�TXDOLW\�UHTXLUHPHQWV�WKURXJK�VWDQGDUGLVDWLRQ
The high requirements placed on indoor plastic pipe systems are standardised and enforced to different
degrees by a very large network of national standards, international EN and ISO standards, local
legislation rules, authority guidelines, quality marks and end user specifications. For example, hot and
cold water systems are described by ISO/DIS 15874 for PP-R, ISO/DIS 15875 for PE-X, ISO/DIS 15876
for PB and ISO/DIS 15877 for PVC-C and PP waste water systems by prEN 1451-1. Even once these
draft standards are implemented, non-government authorities such as the DVGW in Germany plan to
continue to give their quality marks based on their own working documents DVGW W 534, W 542 and
W 544. In most cases, national standards world-wide are building on the ISO, CEN or European national
standards and guidelines.
Besides representing good business for quality labs and test institutes, experience has shown that a
network of high requirements ensure that - in the countries where they are enforced - only thoroughly
developed, high quality raw materials are used in best practice conversion to well designed systems.

��(QYLURQPHQWDO�LPSDFW

Today, environmental impact is an important consideration for the construction
engineer or architect when planning building projects. Generally, polyolefin plastics
have shown excellent life cycle analysis results and this is especially the case for high
performance pipe polymers designed and documented to last more than 50 years.

With respect to environmental impact an in depth study was carried out by
Professor Dr. Helmut Käufer at the Technical University of Berlin. Using the
“VENOB” technique he compared energy requirements as well as impact on the
ground, air and water in the production, transport and installation of steel, copper and
several plastic systems. The basis for comparison was a 16 living unit house with
central warm water supply and installations according to DIN 1988 part 3. Figure 16
clearly demonstrates that plastic systems offer the most environmentally friendly
solution.
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We have seen a very strong growth of polyolefin pipe systems in sanitary, heating, soil and waste water,
electrical conduits, water and gas house connection, and buried sewage applications in Europe and
increasingly global. Polyolefins have built up an impressive track record over more than 25 years for hot
water and even 40 years for cold water applications and now represent a very sucessful alternative to
more traditional piping materials. To sustain this growth, it remains critical to have a very high level of
requirements and formalise these through corresponding standards and specifications.
)LJXUH����±�3HU�FDSLWD�FRQVXPSWLRQ�RI�32�SLSH�LQ�(XURSH�DQG�RXWVLGH�(XURSH

If we compare the PO pipe trends in Europe with those in different countries around the world, we can
see many similarities with some time delay. We have already seen many examples of European
polyolefin solutions being adopted and adapted globally and also of new applications being developed.
The currently very low PO pipe per capita consumption in for example Brazil, China and India 17 further
illustrates the excellent growth potential for PO pipe solutions outside Europe.
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This paper explains the framework by which technically robust recommendations are
considered by Government.  It examines the different non-technical factors that need to
be assessed, as well as the process by which regulations are delivered in practice.  This
process is exemplified by the Water Supply (Water Fittings) Regulations 19991, which
prevent the waste, misuse, undue consumption and contamination of public water
supplies in England and Wales.  One important aspect of these Regulations is the WC
Suite Performance Specification, which will introduce a number of significant changes
to WCs from 1 January 2001.  This paper largely focuses on just one change that this
Specification will introduce, namely that non-siphonic flushing mechanisms2 will be
permitted in the UK for the first time since the early 1900s.  In particular, why is it that
sound technical verification that over their lifetimes, high quality drop valves have a
performance equivalent to siphons may not necessarily result in a change in
Government policy?  Clearly, the context in which these Regulations were developed is
the UK’s legal, political and environmental situation.  Nonetheless, this process ought to
be instructive as to the complex considerations that have to be made by governments
generally.

.H\ZRUGV

Regulation; WC; flushing mechanism; environment

��� 3XUSRVH�RI�UHJXODWLRQV

In developing and delivering its policy objectives, the Government has a number of
different tools at its disposal.  The issue is really one of influencing people’s behaviour
in the most effective way.  This can be achieved in a variety of ways, including financial
incentives or disincentives (such as grants or taxation), voluntary schemes, education or
regulation. Evidently, each of these approaches will have different implications with

                                                          
1 From now on referred to as the Water Fittings Regulations.
2 The term ‘siphonic flushing mechanism’ is used in this paper to describe the mechanism that delivers
flush water from the cistern to the WC bowl.  Non-siphonic mechanisms include drop valves with or
without a pressurised cistern.
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respect to cost, impact and outcome achieved.  For example, to change behaviour
through education would tend to require a sustained campaign probably using a variety
of media.  The outcomes of this approach may be uncertain.  On the other hand,
regulation, with appropriate enforcement provisions, would require a far greater input of
resources and administration, but would be likely to deliver faster more comprehensive
changes.  However, this approach risks introducing anomalies and greater, more sudden
costs to those affected.

The approach chosen by the Government in a given situation will depend on
numerous factors.  Significantly, however, it must be recognised that any Government
action to influence behaviour does affect peoples’ lives and often livelihoods, so the
approach taken must be justified.  Clearly, the necessity of having a certain policy or
law in place, or the severity of the consequences of these not being in place, will play a
significant role in determining the approach adopted.  For example, imposing
regulations would seem proportionate in order to protect health and safety; tax
incentives would seem more suitable to encourage personal savings; whereas
information and education would seem more appropriate to encourage the use of
recycled paper.  Often a mixture of these is essential, for example a fine for littering but
because this is very hard to enforce there is also supporting education.  It is clear that at
each level, different degrees of Government involvement would be justifiable.

With respect to preventing the contamination of drinking water, there were a number
of drivers for regulation.  Primarily, the quality of drinking water is a matter of essential
public health, making it crucial to regulate and relatively straightforward to justify this
approach.

In terms of preventing the waste and undue consumption of water, more than 80% of
domestic customers in the UK are not metered and so there is no direct financial
incentive to save water or use it efficiently.  Without imposing water meters on all
customers, with the inherent costs this would involve, this context effectively rules out
any fiscal measures to encourage water efficiency.  Influencing behaviour can be
effective, but takes time, so regulation was necessary to establish minimum standards of
water efficiency.

Domestic water use in the UK accounts for about 60% of all potable (drinking) water
used, of which about one third is used to flush WCs.  Clearly this makes WCs a prime
target for any water conservation activity.  The Water Byelaws, which preceded the
Water Fittings Regulations, introduced a maximum flush volume of 7.5 litres in 1993;
before that the maximum was 9.5 litres and was historically much higher.  Clearly, an
effective, low-flush solution would bring the potential of saving a large volume of
water.

Just as background, Water Byelaws had existed in England and Wales since the mid-
1800s.  These were produced and enforced regionally by the public Water Authorities
which were set up in 1984.  The Byelaws set prescriptive requirements for the
performance and quality of water fittings to prevent the waste, misuse, undue
consumption and contamination of public water supplies.  However, following the
privatisation of the Water Industry in 1989, the regional application was no longer



E4 3/11

acceptable, it caused anomalies and there was a desire for a uniform national approach
to enforcement. The Water Fittings Regulations were introduced to address these
concerns and to enable the Government to regain responsibility at national level for the
safety and quality of public water supplies and fittings.

��� )OXVKLQJ�PHFKDQLVP�DUJXPHQW�ZLWKLQ�ZLGHU�FRQWH[W

Under the Water Byelaws only siphonic flushing mechanisms for WCs were
permitted.  The siphonic flushing mechanism was invented in the UK in around 1850.
The great advantage of the siphon is that it cannot leak and so is incapable of wasting
water through the outlet to the WC pan.  However, for some time there was a concern
that siphons could reduce the potential for people to save water (and, if metered, money)
because their flushing performance seemed to deteriorate at low volumes.  There was
also a strong argument that the requirement for siphonic flushing mechanisms
unjustifiably preserved a protected market in the UK, which was an increasingly
unsustainable position in a single European market.

While the original debate centred on the performance of siphons against non-
siphonic mechanisms, and principally enduring leak tightness, this became much
broader.  In addition to exploring the maximum flush volume reduction that could be
achieved and the introduction of dual flush, the debate extended further to cover the
quality of inlet valves, pan clearance, drainline carry, etc.  The issue had now became
one of whole suite performance, especially the different aspects of flush performance at
lower volumes.  This became an opportunity to develop a world class standard for WC
suite performance.  This paper will focus on the debate surrounding the choice of
flushing mechanism.

��� 7HFKQRORJLFDO�DUJXPHQWV�DQG�WKHLU�OLPLWDWLRQV

In addition to the growing case against the siphon requirement, valve technology,
especially in terms of materials and endurance, had developed considerably.  Research
was available that demonstrated that the durability and leak tightness of high quality
valve products were now equivalent to that of the siphon.  Valve technology also
facilitated other beneficial applications such as dual flush, hands-free operation and
better performance at lower volumes because of the different flush profile achieved.

The technical case for allowing the introduction of flushing mechanisms other than
the siphon was strong and it may be that for some this was where the argument ended,
as a point of principle.  However, while on technical grounds this may appear to be a
fairly clear-cut decision, the concept of removing the siphonic requirement was a highly
contentious and controversial issue in the UK.  For the Government, there were a
number of other non-technical issues that needed further consideration.

Upon exploring these other issues, it soon becomes evident that what appears to be a
straightforward decision can in practice be extremely complex.  During the process of
developing regulations the Government is presented with a variety of conflicting
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opinions, about technical issues as well as the more subjective concerns about change.
In the development of the WC Specification, the issues that arose included the European
legal framework, concerns about the impact on UK businesses and employment,
environmental considerations, de-regulation initiatives, public opinion and the
practicalities of implementation.  Each of these presented factors that either advocated
change or pressed to retain the siphon requirement, some of which were more
conclusive than others.  The paper takes each of these in turn and explains their
relevance.

��� /HJDO�IUDPHZRUN

The free movement of goods is central to achieving an open market for business in
Europe.  In 1985, European Community Ministers agreed on a “New Approach to
Technical Harmonisation and Standards” to fulfil this objective.  New Approach
Directives (that is Community Law) establish the essential requirements that must be
met before products can be lawfully sold anywhere in the European Community.
European harmonised standards provide the detailed technical information enabling
manufacturers to meet these essential requirements.  The development of harmonised
European Standards for sanitary appliances, such as that for WC pans with integral trap
(EN 997), brought the proposed UK requirements into a wider continental debate.  The
Water Fittings Regulations needed to reflect the UK’s commitment to these wider single
market initiatives.

As a Member State of the European Union, the UK no longer acts in isolation with
regard to technical regulations.  Accordingly there were a number of European drivers
shaping the Regulations.  The Construction Products Directive (CPD) seeks to remove
existing technical barriers to trade within the European Economic Area (EEA) as part of
the move to complete the Single Market.  The intention of the CPD is to replace existing
national standards and technical approvals with a single set of European-wide “technical
specifications” for construction products.  In addition, the Standards and Technical
Regulations Directive 98/34/EC exists to prevent Member States establishing new
technical barriers to trade.

The Water Byelaws were based on prescription, of which the siphonic flushing
requirement is a good example.  A new framework was required which was capable of
accommodating technical improvements and new products.  Where these products were
of an equivalent or better quality to siphons, it would have become increasingly difficult
to legally sustain their exclusion from the UK.  Perhaps it would have only been a
matter of time before a legal challenge was mounted on this trade restriction, as
manufacturers of valve products were keen to exploit the UK market.

��� (QYLURQPHQW

There was also the environmental imperative to conserve water.  Although the
common perception is that it always rains in the UK, there is actually quite a diverse
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water resource position.  Some areas, particularly in the South and East, are water
scarce, whilst other areas have a more plentiful supply of water.  Environmental
sensitivities were heightened by droughts in the early and mid 1990s.  As well as these
concerns from recent experience, climate change forecasts predict more extreme
weather events, for example rising temperatures and shorter, sharper showers, which are
less useful for re-charging water supplies.  Partly due to this, demand is predicted to
rise, especially at peak times and for agricultural use.  Social changes compound the
problem as trends towards greater affluence and a greater number of smaller occupancy
households also increase demand.

In 1997 a new Government was elected, the first change in 18 years.  Water issues
were prominent because of the Labour Party’s scepticism over privatisation, which
crystallised over the much-publicised high levels of leakage from water company mains.
The new administration called a Water Summit in May 1997 to explore how these
issues could be addressed.  The outcome was a ‘10 Point Plan’ that included measures
to improve water company performance and service, as well as commitments to
alleviate the pressure on water resources.  The Water Fittings Regulations were
developed within this context of heightened attention to water conservation.

As explained previously, the fact that WCs account for 30% of domestic water usage
presented a compelling argument for examining opportunities to reduce flush volumes.
In addition, with increasing domestic metering, water usage and associated costs are
becoming more of a social issue especially for lower income households.

��� (PSOR\PHQW

A legitimate concern of Government is the impact of regulations on UK industry and
businesses.  However, this is far from a simple calculation.  While it is usually clear
where jobs could be at risk it is not always as clear where the advantages to industry,
and in new employment opportunities, may be.  For example, while UK manufacturers
opposed the move to open up the market to non-siphonic flushing mechanisms, some
UK companies already produced high quality non-siphonic devices for overseas markets
even though they were prohibited in the UK.  Furthermore, as a member of the Single
Market, the Government should be concerned with the impacts of its decisions across
that whole area.  Clearly, this will be a far more complex consideration than for the UK
situation alone.  However, for European manufacturers the opening of the UK market to
non-siphonic mechanisms was seen as a far more positive step.

��� *HQHUDO�GHYHORSPHQW�LQ�UHJXODWRU\�IUDPHZRUNV

General developments in the regulatory framework also influenced the decision
making process.  The Government is keen to deregulate, i.e. to lessen the regulatory
burden on businesses.  In particular, technically prescriptive regulations can impose an
unjustified financial burden and stifle innovation, so the Government is keen to move
away from this approach towards performance- or output-based regulation.
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This change in emphasis is evident in the move from the prescriptive Water Byelaws
to the Water Fittings Regulations.  The Regulations are performance based and so
provide a framework for innovation and best practice.  They establish the minimum
standards that water fittings must achieve, but not how to achieve them.  In contrast, the
prescriptive nature of the Water Byelaws meant that they needed regular reviewing and
updating to reflect changing technology.  By maintaining the siphonic requirement they
discouraged innovation in this area (at least for the UK market) and prohibited the use
of ‘new’ products.  To have retained this requirement with the new Regulations would
have been wholly inconsistent, and would have required considerable justification.

��� 3XEOLF�RSLQLRQ

A further important consideration for Government is that of public opinion.  As
directly elected representatives Ministers are answerable to the public and therefore are
always conscious of a duty to reflect the public’s concerns.  Although it may be hard for
you to imagine, the decision to remove the siphonic requirement caused a great deal of
controversy.  The public debate was not so much concerned with the relative technical
merits of siphons compared to valves, but centred on far more emotive topics such as
UK employment, tradition, water conservation and European Commission interference.

When the siphonic requirement was being considered, a number of MPs sought to
convince Ministers to reject the proposal.  They were particularly concerned about the
impact this change would have on UK industry and in particular on firms in their
constituencies.  These concerns were presented to the Government mainly through
correspondence and in meetings, but were also voiced in a Parliamentary debate in July
1997.

In June 1998 the tabloid press picked up on the decision to allow flushing devices
other than ‘the good old British siphon’.  This was used to portray interference by the
European Commission who were trying to lower UK standards, and in this way tried to
raise Europhobic sensitivities over the changes.  It also attempted to raise concerns
about the effect of introducing valves on water conservation grounds by suggesting that,
unlike siphons, all valves will leak.

��� 3UDFWLFDOLWLHV

Once the decision is taken to regulate, there are numerous practicalities that need to
be worked out.  For example, when the law changes it is essential that this is
communicated clearly to the people who will be most affected.  Their involvement and
commitment should increase the chances of the regulations realising their full potential.
Without adequate understanding of how and why changes are being made, there is an
increased danger that regulations will not be followed.  Therefore, the implementation
of regulations tends to be about compromise by turning the idealistic into the realistic,
both legally and politically.

�����3RLQW�RI�VDOH�HQIRUFHPHQW
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One very practical difficulty with introducing the Water Fittings Regulations is that
they are only legally enforceable at the point of installation.  It is not illegal, therefore,
to buy or sell non-compliant products but only to actually install them.  Clearly this
makes the requirements of the Regulations hard to enforce, especially with the
proliferation of home improvement stores.  This lack of point of sale enforcement is due
to the original primary legislation (Water Act 1989) and so is not easily rectified.
Amending or introducing primary legislation, i.e. Acts of Parliament, takes on average
three years from inception to completion, whereas for secondary legislation, e.g. the
Water Fittings Regulations, this takes about one year.  Constraints such as this (i.e.
further from the ideal) had to be factored into the solution, which involved education
and compromise.

The Construction Products Directive also comes to bear on this issue.  Once fully
implemented this will enable enforcement at the point of sale for products covered by
harmonised European Standards.  However, as these standards are still being developed
for water fittings this enforcement regime is still a long way from realisation.  Although
this ought to improve compliance with the Regulations in the longer term, it does cause
complications now.  For example, to introduce point of sale enforcement in the UK for
the Water Fittings Regulations now would risk prematurely restricting the market,
bearing in mind that harmonised standards would take precedence once they became
available.

�����7UDQVLWLRQ�SHULRG
When the WC Specification is introduced it will bring about significant and

beneficial changes to WCs, including the removal of the siphonic requirement.  While it
was desirable to bring about these changes with minimum delay, it was also important
that the maximum benefits of the Specification would be realised.  The compromise
reached was that of delaying its introduction until 1 January 2001.  However, not all
parties were in favour of such a transition period.  In particular, manufacturers of valve
products felt this continuation of a barrier to trade to be unjustifiable.  The transition
period had to be defended to the European Commission on the grounds of the
environment.

This 18-month transition period would allow time for manufacturers to develop their
products and have them tested against the Specification.  It would also allow time for
the education of those in the supply chain, designers, specifiers and plumbers about the
changing requirements.  Significant effort from the Government, Water Industry and
others has been devoted to educating these parties about the requirements of the Water
Fittings Regulations.  It was essential to have this opportunity to engage with and
educate all stakeholders, in order to reduce the likelihood of the new requirements
causing confusion.  This was intended to benefit the environment by preventing the sale
and installation of poor quality flushing devices.  Failure to influence in this way would
risk bringing the WC Specification into disrepute, as well as jeopardising the overall
aim of water conservation.  However, in a largely cost-driven market, it remains to be
seen whether consumers will be able to, or want to, differentiate between legal and
cheaper illegal products.

�����$SSURYHG�FRQWUDFWRUV
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Another route for encouraging compliance with the Water Fittings Regulations is
through improving standards in the plumbing industry.  The Regulations introduce the
concept of Approved Contractor Schemes, which form part of a wider Government
initiative to improve standards in the construction industry.  These schemes are
voluntary, but provide tangible benefits to competent plumbers as well as to consumers.
Approved plumbers are exempt from some of the administrative requirements of the
Regulations and can use their approved status as a marketing tool.  Consumers benefit
primarily from being able to easily identify a good quality plumber and through
insurance on work carried out.  They can also be confident that work has been carried
out in accordance with the Regulations.

����5ROH�RI�DQ�$GYLVRU\�&RPPLWWHH

The UK has a history of technical experts sitting on committees to advise
Government. They are not paid for this service, but membership is generally sought
after because of the responsibility and respect it brings.  Involving key stakeholders in
this way brings valuable expertise that Government does not have internally into
developing regulations.

Invariably on advisory committees, some members are allied to commercial interests
by virtue of background, employment or affiliation to professional organisations.
Indeed, to possess the required level of technical expertise, candidates would have
inevitably had long histories within their field.  While for some this may raise the issue
of how impartial these committees are, in reality this is not a concern.  Members of
advisory committees represent themselves as experts, not their respective organisations.
Membership of such a committee brings with it the responsibility to act impartially,
which is taken seriously.  In addition, by ensuring that a good blend of backgrounds and
interests are represented, these committees deliver balanced, well thought out proposals.

To develop the Water Fittings Regulations, the Water Regulations Advisory
Committee (WRAC) was appointed in 1996.  The remit of WRAC was ‘to advise the
Secretary of State for the Environment on the requirements for plumbing installations
and fittings to be included in Water Regulations made under the powers in section 74 of
the Water Industry Act 1991 and on other technical matters connected with the
regulations’.  The Committee was made up of manufacturers, representatives from the
water and plumbing industries, academics, researchers, standards organisations, etc.
The work of WRAC included reviewing the existing Water Byelaws requirements,
establishing equivalent performance-based requirements and also, most relevantly,
updating the Byelaws to reflect new technology.

����5ROH�RI�FRQVXOWDWLRQ

Whenever the Government proposes to change or introduce regulations there is a
requirement to consult the public and particularly those who will be most affected.  The
main purpose of public consultation is to improve the proposals being made.  The wider
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involvement of stakeholders should ensure that proposals are soundly based on
evidence, take account of the views and experience of those affected by them, and that
innovative and creative options are considered.  This process also acts to provide
external scrutiny of the advisory committee’s advice.

Consultation exercises invariably result in technical criticism as well as legitimate
other concerns being raised.  While it is important to obtain the views of everyone likely
to be affected by the changes, this presents a considerable challenge - how to reconcile
the large amount of conflicting opinion and evidence that is gathered in response?
Furthermore, how ought technical rights and wrongs to be balanced against more
subjective concerns about employment or the environment?  This is one area where the
expertise of an advisory committee is invaluable.  A more thorough understanding of
the technical issues enables better judgements to be made on these.  It also provides an
experienced forum at which to consider the more subjective concerns raised about the
consequences of adopting a certain technical approach.

Consultation responses are carefully and open-mindedly analysed, the results of
which are made publicly available along with an account of the different views
expressed and rationale behind the final decision.  Responses will generally reveal
possible new approaches; further evidence on the impact of those canvassed; an
indication of levels of support among particular groups for various proposals.  However,
analysing responses is never a matter of counting votes.  Different levels of importance
will be attached to the views of certain groups, for example particular attention is given
to the views of representative bodies, such as trade associations and other organisations
representing groups particularly affected.  Eventually, however, it is for Ministers to
assess the arguments and evidence presented and to reach a decision in the public
interest.

Another part of the process of developing regulations requires a Regulatory Impact
Assessment to be produced.  These documents explain the issue that has produced the
need for regulation and compares this approach with other options, probably including
non-regulatory measures that might be considered.  Assessing the relative risks, costs
and benefits, who will be affected and why non-regulatory action would be inadequate
is meant to ensure that proposals are proportional and appropriate to the situation.  In
this way, RIAs can also assist the public debate as they tend to identify and quantify
some of the concerns raised by the consultation exercise, such as the impacts on
competitiveness.

The Water Fittings Regulations, along with their Regulatory Impact Assessment,
went out to public consultation in July 1998.  Sanitaryware manufacturers were also
specifically consulted about the proposed changes to WCs in March 1999.  Together
these consultations produced about 120 detailed responses from the whole range of
stakeholders.  While the comments received represented a great amount of experience
and expertise, they also demonstrated considerable disagreement about the best way to
proceed.

����5ROH�RI�*RYHUQPHQW
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The role of Government in the regulatory process is to consider, decide and
ultimately to act.  However, “Government” is a collective term including Ministers and
their civil servants who each have distinct roles.  Ministers decide and are answerable,
while civil servants exist to advise Ministers.  It is important to remain impartial and
dispassionate in assessing arguments, although some assessments will be subjective.
Significantly, Ministers may weight the factors outlined above differently to others
because of their unique position in the political spectrum.

����$VVHVVLQJ�WKH�VXFFHVV�RI�WKH�RXWFRPHV�RI�WKLV�SROLWLFDO�SURFHVV

Measuring the success of regulations will never be a simple exercise.  For one thing,
it is impossible to be sure what would have happened had a different approach been
taken, or if the situation were left unchanged.  Alternatively, an outcome may be
compared to the projected benefits of the theoretical conclusions of research, but it is
not necessarily evident that these would have been achieved in reality.

The WC Specification will not be introduced until January 2001, so to a large degree
its success remains to be seen.  Assessment of success will also be complex because this
means different things to the different parties involved in the process.  To the
Government, the success of the WC Specification, and in particular removing the
siphonic requirement, will be concerned with water conservation.  However, this will
not be easy to quantify, especially at a national level.  Even if in coming years water
consumption fell considerably, it would not necessarily be clear whether this could be
attributed to this development or to other factors.  To UK sanitaryware manufacturers,
success will also be about their ability to adapt to the changing demands of a
competitive market.  The wider success of the Water Fittings Regulations should also be
viewed in terms of their implementation and transition from the requirements of the
Water Byelaws.

����&RQFOXVLRQ

The UK made the decision to accept non-siphonic flushing mechanisms much later
than other countries.  Evidently this has influenced the debate because of concerns about
the impact on manufacturers primarily or extensively involved in the domestic market
adapting to new requirements.  These concerns were heightened by the threat from
overseas manufacturers who have been producing high quality valve products for many
years.

However, this ‘delay’ also allowed the UK Government to learn from experience
elsewhere.  For example, experiences with low quality valve products in some parts of
the United States3 have led to this technology being discredited.  While originally
installed to reduce water consumption, valves that leaked or could be easily adjusted by
                                                          
3 From an article by Brian Brittsan, President of Water Management Services Inc, in the Environment
Agency’s Demand Management Bulletin, August 1999: ‘Fixing the leak in demand management
programme’
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consumers resulted in high repair and maintenance costs, as well as the water
conservation aims not being realised.  These unfortunate experiences were taken into
account in the development of the UK’s high performance specification for WC suites.

Co-operation in the regulatory process is crucial, both for Government and
stakeholders.  It is important for all parties to engage in early debate, both to discuss the
‘correct’ technical outcome, but also to prepare for the consequences of the
Government’s decision.  A co-operative approach also enables better decision making,
as it helps to clarify and resolve subjective issues and quantify objective ones.  It should
also enable those affected to recognise early indications of the Government’s policy.
With respect to the decision to remove the siphonic requirement, a Press Release in
December 1996 signalled the Government’s intention four years before this was brought
to reality.

����6XPPDU\

This paper has sought to explain how an apparently self-evident statement, “over
their lifetimes, high quality drop valves have a performance equivalent to siphons” may
not necessarily result in a change in Government policy.  In addition to the technical
justifications, the Government also has to consider the impact of changing legislation on
all stakeholders.  They also need to operate within the constraints of existing
commitments.  None of these factors are as straightforward as an initial thought may
suggest.
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$EVWUDFW

 This paper describes results of investigation and analysis about renewal construction of
plumbing fixture facilities in an office building, and aims to present the fixed-quantity
data( such as the decrease of water consumption) and the water-saving technique in the
case of installing “ water-saving toilet system”. Following the renewal construction of
plumbing fixture facilities in a 29-storeyed super-high-rise office building, we have
investigated the effect of installing “ water-saving toilet system” as the water-saving
technique of flushing water, and report the outline here. The building used in this study
was built in 1986, and it is located in the center of Tokyo. Furthermore, the
questionnaire result about the feeling of use in a water closet booth is also explained.
 In addition, “water-saving toilet system” consists of water closet, urinal, and
washbasin. Each plumbing fixture is water-saving compared with the conventional one.

.H\ZRUGV

Super-High-Rise Office Building; Renewal of the Plumbing Fixture; water-saving toilet
system; water consumption

���&RQWHQWV

 In recent years, there are demands for water-saving from the view point of earth
environment preservation problem. In the United States, the regulation for water saving
is constructed in all states. The motion which promotes water-saving is also active in
Japan along with the Environment Agency, the Ministry of Construction, the Ministry of
Health and Welfare, etc. On the other hand, as for office buildings, office building stock
demand is in increase tendency in a center part of Tokyo, especially after collapse of the
Bubble Corporate Finance (around 1991), it has shifted to the time of STOCK from
SCRAP & BUILD. Therefore, demand for renewal construction of the equipment has
also increased rapidly. (Table 1.)
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 Therefore, recently, there also caused a demand of water preservation from the
environmental point of view, and water-saving techniques about toilet flushing have
been actively examined and performed, for example, use of reclaimed water, etc.
 This paper describes results of investigation and analysis about renewal construction of
plumbing fixture facilities in an office building, and aims to present the fixed-quantity
data( such as the decrease of water consumption) and the water-saving technique in the
case of installing “ water-saving toilet system”. Following the renewal construction of
plumbing fixture facilities of a 29-storeyed super-high-rise office building, we have
investigated the effect of installing “ water-saving toilet system” as the water-saving
technique of flushing water, and report the outline here. The building used in this study
was built in 1986, and it is located in the center of Tokyo. Furthermore, the
questionnaire result about the feeling of use in a water closet booth is also explained.

7DEOH����2IILFH�%XLOGLQJ�6WRFN��WKH����ZDUGV�LQ�7RN\R�

Year Office Building Stock( stocked buildings which 16 to 25 years
has passed after construction )

1995 About 1600[ha]
2010(Anticipation) About 2700[ha]

*The office building stock sum total in 23 wards in Tokyo in 1995: about 7000[ha]

���,QYHVWLJDWLRQ�RXWOLQH

����%XLOGLQJ�VSHFLILFDWLRQ
 The outline of the building for investigation is shown in Table 2.

7DEOH����%XLOGLQJ�HTXLSPHQW

Building

Location: Shinjuku Ward, Tokyo, Japan
Building scale: 29 floors, four lower ground floors
 (Offices:26847.59m2, Stores:1780.32 m2)
Total floor area: 52,310 m2

After [ construction ] 13 years
Measurement place: The 17th floor Gentlemen’s Lavatory and
  Ladies’ Lavatory (Fig.1)
The number of persons on the 17th floor:

 35 men, 25 women
Average age: 50 years old( men ), 36 years old( women )
Working hours: From 9:00 a.m. to 5:00 p.m.
 ( Saturday, Sunday, and a public holiday are day off)

����$�PHDVXUHPHQW�LWHP�DQG �D�PHWKRG
 The measured contents are the amount of water supply to the plumbing fixture system
(water closets, urinals, washbasins) installed in each gentlemen’s lavatory and ladies’
lavatory.
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 A measuring method is as follows.
Pulse output electronic water meters are installed in the five points ( 1 to 5 ) of water
supply vertical pipes in PS and get to each plumbing fixture, as shown in Fig.1.
The measured data are transmitted from the water meters to a personal computer every
0.1 seconds.
After that, we can grasp water consumption of each plumbing fixture by analyzing data
with an original program.

)LJXUH����7RLOHW�SODQH�YLHZ

����3OXPELQJ�IL[WXUHV
The specification of each plumbing fixture installed before and after replacement and

the investigation term are shown in Table 3.

7DEOH����7KH�SOXPELQJ�IL[WXUH�HTXLSPHQW�RI�EHIRUH�DQG�DIWHU�UHSODFHPHQW�DQG
LQYHVWLJDWLRQ�WHUP

%HIRUH�UHSODFHPHQW

�DPRXQW�RI�IOXVKLQJ
ZDWHU�

$IWHU�UHSODFHPHQW

�DPRXQW�RI�IOXVKLQJ�ZDWHU�

ZDWHU�VDYLQJ�WRLOHW�V\VWHP

7KH�UDWH�RI
ZDWHU�VDYLQJ
RI�IL[WXUH
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Water
closets*1

C454PV

(standard 13[L/flush])

(Actual measurement

 14.3[L/flush]:gentleme-
n’s side 2 pieces,

 11.4[L/flush]:ladies’
side 3 pieces)

C743PV

(standard 7[L/flush])

(Actual measurement

 7.0[L/flush]:gentlemen’s and
ladies’ side)

Gentlemen’s
side: 51.0%

Ladies’ side:
38.6%

Urinals*2

( With an
automatic
flushing
sensor )

U370

(standard 4[L/flush])

(Actual measurement

 2.7[L/flush]:gentlemen-
’s side 3 pieces)

UFS520CE

(standard 1-2[L/flush])

(Actual measurement

 1.0-2.0[L/flush] :gentlemen’s
side 3 pieces)

25.9% or more

Washbasins 2 valve mixture faucet

(gentlemen’s side 2
pieces, ladies’ side 3
pieces)

Hot-and-cold-water mixture
automatic faucet

(gentlemen’s side2 pieces,
ladies’ side 3 pieces)

�

Investigation
term

14 weekdays during
1998.10.26-1998.11.14

32 weekdays during 1999.01.26-
1999.02.24

�

*1 Flushing sound effects generating equipments are attached to closet seat of the
ladies’ water closets after replacement.
*2 In the urinal after replacement, since there is a fuzzy-control function, the amount
of flushing water of the urinals are changed between 1[L] to 2[L].

����4XHVWLRQQDLUH�RXWOLQH
 The questionnaire was performed at the end of each investigation term for the purpose
of getting hold of the features of the behaviors and backing of the measurement data.
The questions are about the behaviors which relate to the water consumption, for
example, about “brushing teeth”, “using flushing sound effects generating equipment”.

���5HVXOW�DQG�FRQVLGHUDWLRQ

����&RPSDULVRQ�RI�DPRXQW�R I�ZDWHU�FRQVXPSWLRQ�SHU�GD\�EHIRUH�UHSODFHPHQW�DQG
YDOXH�RI�ELEOLRJUDSK\
 The amount of water consumption which one person uses per day is shown in Table 4
about every plumbing fixture. The measured value of this investigation is indicated in
the column of A, the value of reference 7) is indicated in the column of B, and the value
of reference 8) is indicated in the column of C.
 First, since the value of B is arranged about each plumbing fixture for gentlemen’s
lavatory and ladies’ lavatory, it can be compared with the value of this paper. The value
of gentlemen’s water closet is in agreement with the maximum of B. Moreover, the
value of ladies’ washbasin is approximated to the average value of B.
However, about the urinal, A(6.7 [L]) is about half of B(12.0±1.0 [L]). The cause of the
difference is that there is a difference in the amount of flushing water between A and B.
The amount of flushing water of A is 2.7 [L/time] and the value of B is 5.0 [L/time].
Therefore, replacing the amount of flushing water 2.7 of A[L/time] with 5.0 [L/time],
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and multiply it by the number of times of one day use surveyed in this paper, since it
becomes 12.4 [L] and the average value of B is close, what is depended on the
difference in an instrument the amount of flushing water will be presumed.
 Next, A is compared with C regarding the sum total value of amount of water
consumption. As for A(13.5+12.4+2.6=)28.5[L] and B 31.0[L], there is little difference.
When each value of ladies’ water closet of A, B, and C is compared, the amount of
water used in A is about 15 [L] more than B and C. (When it converts into the number
of times of flushing valve operation, it is for about 1 time.) Although this becomes clear
by the result of a below-mentioned questionnaire and actual measurement, it is
considered to have originated in the number of times of flushing valve operation per
person is large.
 As mentioned above, comparing the result of this investigation with the result of
previous investigation, although some difference will be found by the influence of the
difference of investigation years, a term, and a use plumbing fixture etc., it can be
considered that rough value is practically equal. Therefore, these results of an
investigation shall be used on a real design level as basic data considering its flexibility
and we used it for checking the water-saving effect after replacement�

7DEOH����7KH�DPRXQW�RI�ZDWHU�FRQVXPSWLRQ�ZKLFK�RQH�SHUVRQ�XVHV�SHU�GD\�EHIRUH
UHSODFHPHQW���:HHNGD\��>/��GD\SHUVRQ�@

5HIHUHQFH�QDPH $��7KLV�SDSHU �%��5HIHUHQFH�� &��5HIHUHQFH��

Announcement year 1999.4 1980.8 1998.8

Water closets 13.5 9.0±4.5

Urinals 6.7(2.7[L/time])

12.4(5.0[L/time
Conversion)

12.0±1.0

Gentle
men’s

Washbasins 2.6 4.5±0.3

31.0

Water closets 89.5 70.7±5.5Ladies’

washbasins 6.7 6.5±0.7

74.8

*3 The amount of flushing water using urinal: 5.0[L/time],
��the amount of flushing water using water closet: 15.0[L/time@
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����7KH�SOXPELQJ�IL[WXUH�XVH�VLWXDWLRQ�RI�EHIRUH�DQG�DIWHU�UHSODFHPHQW
 The change of water consumption during investigation term is shown in Fig.2. The
change of water consumption during a day is shown in Fig.3.
 The variation shown in Fig.2 will be altogether settled into the width, if the width of 2sigma
(sigma is standard deviation) is taken around an average. Therefore, the number of staff work on
the floor is almost changeless before and after replacement. So the fixed staff uses the plumbing
fixtures every day, and it is considered that it is almost changeless in a use situation.
 Amount of water consumption has decreased in Fig.3 by installation of the water-saving type
plumbing fixture. However, the use situation which considering average value as the index, and
the generating time of a peak are similar. Therefore, the big change use situation before and after
replacement is presumed not to be produced.

)LJXUH���±�7KH�FKDQJH�RI�ZDWHU�FRQVXPSWLRQ�GXULQJ�LQYHVWLJDWLRQ�WHUP

��������������
)LJXUH���±�7KH�DPRXQW�RI�ZDWHU�FRQVXPSWLRQ�DERXW�HDFK�EHIRUH�DQG�DIWHU

UHSODFHPHQW�XVHG�E\�WLPH
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��
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����7KH�FXUWDLOPHQW�HIIHFW�R I�WKH�DPRXQW�RI�ZDWHU�FRQVXPSWLRQ�RI�WKH�SOXPELQJ
IL[WXUH�DERXW�EHIRUH�DQG�DIWHU�UHSODFHPHQW
 The amount of water consumption per day the plumbing fixture about before and after
replacement is shown in Fig.5. By replacing plumbing fixture equipment, it turns out
that about 52% of water consumption was reduced by all the fixtures.
 Including a questionnaire result the reduction effect of amount of water consumption is
considered and explained below.

7DEOH����7KH�DPRXQW�RI�ZDWHU�FRQVXPSWLRQ�SHU�GD\�DERXW�EHIRUH�DQG�DIWHU
UHSODFHPHQW>/�GD\@

:DWHU�&ORVHW :DVKEDVLQ

*HQWOHP
HQ¶V

/DGLHV¶

8ULQDO

*HQWOH
PHQ¶V

/DGLHV¶

6XP
WRWDO

Before
replacement

471.9 2236.8 236.1 90.1 167.9 3202.8

After
replacement

215.3 917.7 182.5 71.1 140.9 1527.5

The amount of
water-saving

256.6 1319.1 53.6 19.0 27.0 1675.3

The rate of
water-saving

54.4% 59.0% 22.7% 21.1% 16.1% 52.3%

������:DWHU�FORVHW
 Table 5 shows the following. Of all plumbing fixtures, The water-saving effect using
water closet in a ladies’ lavatory is the largest and is about 59%. The next is about 54%
using water closet in a gentlemen’s lavatory. The rate of water-saving of each fixture is
about 51%(7.3[L]/14.3[L]=51%) for gentlemen’s, and about 39%(4.4[L]/11.4[L]=39%
for ladies’ from Table 3. With a gentlemen’s water closet, the rate of water-saving
measured actually shown in Table 5 and the rate of flushing water-saving of each
fixtures are mostly same. However, with the ladies’ water closet, the rate of water-
saving is 20% more than the rate of flushing water-saving. It can be considered that the
factor is the effect of flushing sound effects generating equipment.
 According to the questionnaire result, 90% of the ladies has answered that “a flushing
water is carried out in order to remove excretion sound and smell”, with the idea of
“Shame” or “Manners”. Moreover, 95% of the ladies has answered "I use flushing
sound-effects generating equipment" after flushing sound-effects generating equipment
installation. Therefore, using flushing sound-effects generating equipment was checked
qualitatively here.
 The number of times of flushing valve operation measured in a booth of a ladies' water
closets is shown in Table 6. From the table, it is able to check that the number of times
of flushing valve operation per using a booth had decreased about 0.8 times by
installing flushing sound effects generating equipment. Therefore, it has checked using
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flushing sound-effects generating equipment also quantitatively. Converting this result
into amount of water, the water of about 15 [L] can be reduced for every 1 water closet
booth use, and the water-saving effect is large.

7DEOH����7KH�IOXVKLQJ�VRXQG�HIIHFWV�JHQHUDWLQJ�HTXLSPHQW�XVH�HIIHFW��:HHNGD\
DYHUDJH�

�7KH�QXPEHU�RI
WLPHV�RI�IOXVKLQJ

YDOYH�RSHUDWLRQ�SHU
RQH�ODGLHV¶�ZDWHU
FORVHW�ERRWK�XVH

>7LPHV��ERRWK�@

7KH�QXPEHU�RI�WLPHV
RI�WKH�IOXVKLQJ�YDOYH

RSHUDWLRQ

>7LPHV�'D\@

�7KH�QXPEHU�RI
WLPHV�RI�ODG\�ZDWHU
FORVHW�ERRWK�XVH

>7LPHV�'D\@

%HIRUH
UHSODFHPHQW

2.29 195.86 85.6

$IWHU
UHSODFHPHQW

1.53 131.10 85.6

*4 Value which divided the number of times of flushing valve operation by the
number of times of water closet booth use.
*5 The number of times of ladies’ water closet booth use after replacement is diverted.
(Since the number of times of use of the ladies’ water closet booth before and after
replacement can regard almost the same).

�����:DVKEDVLQ
 From Table 5, by changing two-valve mixture faucet of washbasins into automatic
faucets, a gentlemen's side caused about 21% of water-saving, and a ladies' side caused
about 16% of water-saving.
In order to check the effect of an automatic faucet, carrying out a questionnaire, there
was reply of "becoming easy to use washbasin" from 70% of a gentlemen, and 62% of
ladies. As for the reason, it was mainly "without faucet operation there is no waterdrop
scattering", "it is clean because of uncontacting", etc.
 Water consumption by time about gentlemen’s washbasin is shown in Fig.4, and Water
consumption by time about ladies’ washbasin is shown in Fig.5. It can be found that a
ladies’ washbasins are intensively used around (at the time of a lunch break) 12 o’clock
(Fig.5). It is considered that the feature that the custom to brush their teeth has been
fixed to the ladies in an office, because the questionnaire result about brushing teeth
shows that 90% of the ladies (15% of the gentlemen) have answered "I brush my teeth
after lunch".
 On the other hand, while these effects became clear, there were following a few
opinions about brushing teeth. "It becomes an automatic faucet and is hard coming to
collect water in a glass", "the temperature control of water became impossible", etc.
Therefore, the knowledge which will be a good reference for plumbing fixture
installation to an office building in the future was acquired.
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������8ULQDO
��In the original trial calculation, the rate of water-saving of urinals expected at least
50% or more. It is because the standard flushing water before replacement is 4.0
[L/flush], and the standard flushing water after replacement is 1.0-2.0 [L/flush](with
fuzzy-control function). However, as a result of measuring, as shown in Table5, the rate
of water saving was as small as about 23%. It can be considered because of the
followings: "The actual measurement of the flushing water before replacement was very
small value (2.0 [L/flush]).”, "Since the operating frequency after replacement was low,
though it has fuzzy control, almost all flushing water were 2.0 [L/flush]."

���&RQFOXVLRQ

 With regard to the renewal construction of plumbing fixture facilities in an office
building,we have investigated the effect of installing “ water-saving toilet system”.
Furthermore, the questionnaire result about the feeling of use in a water closet booth  is
also obtained. The main points of the investigation study results are as follows.
(1)The use situation of plumbing fixtures in the office building has been grasped and the
water-saving effect have been explained quantitatively in the case of installing “ water-
saving toilet system “, and high reduction( about 52%) of water consumption was
pointed out.
(2) “Water-saving toilet system” was proposed, and the validity of the system has been
explained.
(3)It has grasped that the water consumption by ladies’ water closet accounts for large
percentage of the total consumption, and its water-saving effect was the largest of all
plumbing fixtures.
(4)There wasn’t sufficient quantitive data about the effect of the flushing sound effects
generating equipment so far, but this investigation clarified the effect by the precious
data, and qualitative information such as questionnaire results was also obtained.
(5)From the results of an investigation about the washbasins, it has confirmed that
brushing teeth after lunch was established as a custom of ladies’ daily life in the office.

)LJXUH���&KDQJH�RI�ZDWHU�FRQVXPSWLRQ
DERXW�ZDVKEDVLQ�LQ�JHQWOHPHQ¶V�ODYDWRU\

)LJXUH���&KDQJH�RI�ZDWHU�FRQVXPSWLRQ
DERXW�ZDVKEDVLQ�LQ�ODGLHV¶�ODYDWRU\
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We also examine the water-saving effect to plumbing system, for example, reduction of
loads on water supply pipes or drainage pipes, etc.
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3OXPELQJ�6\VWHPV�5DWLRQDOL]DWLRQ

6�9�$PRULP
Civil Engineering, Federal University of  São Carlos, Brazil

$EVWUDFW

The article presents research about actually solutions to set cold water, hot water and
sanitary plumbing systems inside buildings and the importance of researches to
adequate those solutions to the performance requirements.

.H\ZRUGV

Civil Construction, Plumbing Systems, Cold and Hot Water Plumbing Systems,
Drainage Plumbing Systems, Quality in the Civil Construction

��,QWURGXFWLRQ

The productivity improvement solutions that are being used for the rationalization of
Plumbing Systems needs, at the same time, to assist to the users' performance
requirements, that are: stability, safety on fire, safety in use, tightness, acoustic comfort,
visual comfort, tactile comfort, antropodinamic comfort, hygiene, adequated spaces for
specific uses, durability, economy and environmental conservation. Naturally those
requirements are linked to inherent human being needs, although some are linked to
uses and regional habits.

The rationalization begins in the stage of global planning of the enterprise and it
continues in the project and execution stages of the systems.

In the stage of global planning it is fundamental the definition of the constructive
system to be adopted: it is defined if conventional structural system will be used (pillar,
slab, beam) in reinforced concrete; system in metallic structure;  system in structural
masonry;  etc. It is defined the masonry system that will be used. For each one of those
systems it is necessary to choose among several options of solutions for the spaces that
will shelter the components of the Plumbing Systems.

On the project stage, sanitary fixtures and fittings location is fundamental condition
to get a rationalized system. The amount of the components, the disposition and the
necessary space to a good maintenance should be very well studied.

A meticulous study of solutions is made in sequence for the chosen constructive
system.

On the execution stage, a good production project, that can include the execution of
"hydraulic kits”, makes it necessary to complete the rationalization cycle.
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��5DWLRQDOL]DWLRQ

����6ROXWLRQV�LQ�XVH

Actually, in Brazil, to locate cold and hot water plumbing (pipes, fittings,
accessories, etc.) it has been worked in two preferential ways:

a. The main vertical plumbing is located inside of shafts and the horizontal ones inside
of masonry. The vertical shafts are already used broadly, being used the solution
less and less of tearing the wall to accommodate this plumbing. This solution is used
in constructive system in reinforced concrete (with the horizontal plumbing being
located inside ceramic bricks masonry by tearing them), as in structural masonry
(that had special blocks to accommodate horizontal pipes) and "dry-wall" with the
accommodation of the horizontal pipes inside of the emptiness of the own wall
(Figure 01).

b. The main vertical plumbing is located inside of shafts and the horizontal ones inside
of the inferior false roof. This solution has been used in structural masonry and dry-
wall (Figure 02).

c. The main vertical plumbing are located inside of shafts and the horizontal ones
inside of horizontal shafts, that is, spaces especially created for this purpose (Figure
03).

For sanitary drainage system it has been using the following solutions:

a. The main vertical plumbing is located inside of shafts and the horizontal ones inside
of the inferior false roof.

d. The main vertical plumbing are located inside of shafts and the horizontal ones
inside of horizontal shafts, that is, spaces especially created for this purpose (Figure
03).

European companies defend the system denominated "pre-wall" that has the concept
of the minimum interference of the plumbing with the building sub-systems (Figure 04).
That results in plumbing placed in front of the walls and closed inside of furniture that
compose the sanitary room. According to the manufacturers, this system makes simpler,
more flexible, cheaper and faster constructed buildings, trying to satisfy characteristics
of the current demands (Westfal, 1996). In that system the concept is used of "equipping
instead of to embed and to set up instead of installing ". It also argues that this system
type decreases the conflict with the structural system. It is noticed, therefore, decrease
of the useful space what is compensated by the rational use of that furniture.
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)LJXUH� ���� 9HUWLFDO� SLSHV� VKDIWV� DQG� KRUL]RQWDO� SLSHV� LQVLGH� RI� WKH� PDVRQU\
�VWUXFWXUDO�PDVRQU\����/DQQD�������
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)LJXUH� ���� 9HUWLFDO� SLSHV� VKDIWV� DQG� KRUL]RQWDO� RQHV� LQVLGH� RI� WKH� LQIHULRU� IDOVH
IORRU���3(;�SLSH�WXEHV�PDQXIDFWXUHU�FDWDORJ�

)LJXUH�����6KDIW�FUHDWHG�WR�VKHOWHU�KRUL]RQWDO�SLSHV���:\VOLQJ�������
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)LJXUH�����³3UH�ZDOO´�V\VWHP�H[DPSOH���:HVWIDO������

Some experiences were already executed with systems using ready hydraulic walls,
that is, walls set up previously already to the execution with the pipes inserted. Those
concrete walls with the inserted pipes presented problems of leaks in junctions in
researches done in habitational groups.

Ready bathrooms, that is, complete bathroom being installed on pre-prepared floor,
were adopted in an experimental way on the 13th floor of a hotel in the city of São
Paulo. The bathrooms were imported from an Italian company and they were
manufactured with walls of 4 cm in pre-fabricated plates of concrete with 40 MPa. The
bathroom-containers were hoisted to the pavement-type and moved until the fixation
point with the equipment aid on wheels. The slabs were previously depressed on the
bathroom location during the concrete work. The units arrived to the pavement-type
with all the accessories and internal finishes, of the roof to the floor (Kiss, 1999).

This solution is used in Japan where we can choose the most convenient bathroom
through catalogs (Figure 05).

In the execution stage the concept of  “hydraulic kit” is already being used with some
frequency.

����3HUIRUPDQFH�UHTXLUHPHQWV

Plumbing systems performance requirements are listed in Table 01. Those
requirements need to be respected by the solutions that are being introduced for the
rationalization under feather of we come to witness future pathologies.
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)LJXUH�����5HDG\�EDWKURRP�H[DPSOH���0DQXIDFWXUHU�FDWDORJ�

It was noticed in plumbing systems studies made on constructions in use, that
pathologies generated in solutions used for the rationalization of those systems exist.
Among them: leaks generated from differential movements in junctions of pre-executed
walls; accessibility lack for maintenance; insufficient internal spaces; noises in vertical
shafts; lack of components in the market to substitute components specifically created
for certain constructive systems; etc.

��&RQFOXVLRQV
From this study we can conclude that the concern with Plumbing Systems and its real

insert in the productive process of the building is in improvement process. Rationalized
solutions have been used to increase the productivity in the execution and to decrease
the interference with other sub-systems.

But it is also noticed that those existent solutions in the market need to be analyzed
under plumbing systems performance requirements. It is necessary the creation of
performance criteria to analyze rationalization solutions with parameters of the up-to-
date users’ satisfaction.

Those solutions should look for to reach the following general concepts:
� Not to interfere with the other building sub-system performance requirements.
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� Look for the largest possible independence of the structural sub-system and of the
masonry.

� To promote global access for maintenance.
� Look for the largest possible independence among the stages of construction.

7DEOH�����3OXPELQJ�V\VWHPV�SHUIRUPDQFH�UHTXLUHPHQWV

PERFORMANCE
REQUIREMENTS

stability Referring requirements to the user’s need that the plumbing systems
components don’t reach a state rupture limit, excessive deformation or
loss of stability caused by the normal use of the same ones, for
accidental impacts or not, for stress, etc. as well as that the same ones
don’t cause in another sub-systems of the construction or in the
environment, the same state.

safety on fire Referring requirements to the user’s need that the plumbing systems
components limit the risk of a fire beginning inside of the building.
That is function of the sanity equipment safety and of the reaction
properties to the fire of the materials that form the other components
of the plumbing. Besides limiting the risk of a fire beginning, the
components should limit the propagation of the fire, of the smoke and
of gases toxicant maybe generated during a fire.

safety in use Referring requirements to the users’ need that the plumbing systems
components don’t cause lesions when they are being used (to burn, to
cut, shocks, tumbles, etc.).

tightness Referring requirements to the user's need that plumbing systems
doesn't transmit humidity to the construction through leaks, bad
operation, etc., and that promote tightness of the components to the
reception of dusts and solid materials.

acoustic comfort Referring requirements to the user's need that plumbing systems
doesn't produce noises with unacceptable sound level to the
atmosphere in that are inserted, to surrounding and to neighboring
constructions.

visual comfort Referring requirements to the user's need that the sanitary rooms and
components are of pleasant aspect. They are requirements of high
psychological factor.

tactile comfort Referring requirements to the user's need that the surfaces that he will
have direct contact they don't have excessive roughness, be not sharp,
viscous, warm, humid or wet.

antropodynamic
comfort

Referring requirements to the user's need that the plumbing systems
physical characteristics (form, height, dimensions, etc.) are adapted to
the objectives they are created for, not causing uncomfortable
positions, excessive efforts, non-balanced efforts, etc. during the use.
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hygiene Referring requirements to the user’s need that water supply is
convenient for his/her personal hygiene, that this water is collected
and moved away in safe way to his/her health, that prevention exists
against the physical and biological water contamination, that easiness
of cleaning of his/her body exists, of the sanitary rooms and of the
own plumbing system.

adequability of
spaces for specific

uses

Referring requirements to the users’ need that the dimensions of the
sanitary rooms are appropriate to the components inside them and to
its use and that it must be sufficient sanitary rooms and components to
use.

durability Referring requirements to the user’s need that plumbing systems
maintains the foreseen performance during its useful life.

economy Referring requirements to the user’s need that the global cost of
plumbing systems is compatible to the readiness of its financial
resources. The global cost is understood as the sum of the initial,
operation, maintenance and replacement costs.

environmental
conservation

Referring requirements to the user’s need that plumbing systems
preserves the natural resources.
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When humanity was showing the first tentative signs of urbanisation, the advent of
community water sanitation infrastructures brought untold benefits for human health.  Now,
with a world population beyond 6 billion and urbanisation continuing as a driving force, the
World Plumbing Council believes it is time once again, for visionary action.  Change is
necessary in many aspects of humanity’s resource use but none of these is more critical
than water.  With current practices, there simply is not enough fresh water to maintain
human health and progress to any degree of justice or environmental sustainability.
Rhetoric, however is just that.  Only action begets action, so the World Plumbing Council
has been asking what changes are necessary and how can these be achieved.  Based on the
unique experiences, expertise and situations of our member nations, we have concluded that
an industry driven global approach to regulation must be an essential component of any
long term perspective to the way human beings, use, manage and most importantly share,
the all too finite resources of water on Earth.

,QWURGXFWLRQ

As I speak here today, the mother of a poor family in Lima is paying a street vendor the
equivalent of at least US$3 per cubic metre for water with which to drink, cook and wash.
Water she will have to carry home herself, as tens of millions of other women world-wide
will do today.  Further down the road another mother, not poor at all, turns on the tap in her
kitchen, only paying one twentieth of the amount per cubic metre for water on hand 24
hours a day.  In the slums of Port-au-Prince, water costs will take around 20% of a family’s
income this week (Water Aid website, 2000).  Meanwhile, in my home of Western
Australia, water typically costs less than 1% of a far more generous household income and
people use it accordingly, despite the fact that our city dams are less than a quarter full.
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My name is Stuart Henry.  It is my honour to be Vice Chairman of the World Plumbing
Council and to represent them here today.  We believe the plumbing industry has a central
role to play in protecting the natural environment and human health by providing safe, fresh
water and proper sanitation, as well as proper management care, reuse and conservation of
resources.

Our vision is a united world plumbing industry safeguarding the environment and the
health of nations for all.  It is a big job but we are in good company.  The World Water
Commission Vision document and conference in The Hague earlier this year is a perfect
example of the ground-breaking work on water that can and must be achieved.  The World
Plumbing Council’s mission is to help the global plumbing industry of today and tomorrow
make the greatest possible contribution to establishing a sustainable, equitable future of
human water use.

Plumbing is an integral part of human history.  Ever since the first sewers were built in
Iraq in 5000 BC, the first sanitary systems were constructed in India around 2500 BC and
much later when the Romans built their famous aqueducts, plumbing has had a remarkably
enabling and ennobling effect on human endeavour and progress.  The two major trends of
the 20th century, population growth and urbanisation, coupled with increasing globalisation
as we move into the 21st century, poses, some real challenges to our global communities in
ensuring the integrity of plumbing systems.  Whatever the technology, locality or culture
involved - quality water supply and safe wastewater management are constant
fundamentals of healthy human society and both the built and natural environments.
Technology may change, and cultures may evolve but this fact of life will not.  To live
together in the world, humans need plumbing.

Currently the practice of plumbing regulation around the world is fragmented or non-
existent.  Many countries have systems of best practice plumbing regulation, others are
working towards them and yet others are struggling to navigate their way through local
challenges of economics, politics and disadvantage.  In particular, there are many variations
of approach to the issue of regulation.  The differences have enormous implications for
human rights, economic equality and international relations.  At the World Plumbing
Council, we believe a framework for a global regulatory system is an essential step towards
minimising this variation and providing true water security.  This paper will outline the
arguments for such regulatory framework but I want to preface my comments by making it
clear that I will not be arguing that regulation is a panacea or stand-alone solution.  For
such a complex challenge the only way forward is a wide-ranging, complementary set of
strategies.  What I will argue is that comprehensive plumbing regulation should be an
integral part of any action we take.  It must become an entrenched, dynamic and
cooperative part of how we build and manage built environments in all parts of the world.
This needs to happen in the context of real change in our approach to water, others and
ourselves.
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Water is a substance unlike any other and all life on Earth depends on its unique
chemistry.  As far as we know, liquid water is very rare in the cosmos, yet it is the most
common of all the substances on our own planet, where there is enough to cover Earth in an
unbroken sea more than 2.5 km deep.  But this very perception of abundance has misled us
sadly.  Fresh water accounts for only 2.5 % of the world’s total supply and most of this is
frozen in glaciers and polar ice caps.  Of the remaining 1.6-1.7%, one fifth is currently too
remote for practical access and three fifths arrives and leaves in patterns we cannot harness
such as monsoons and floods.  Just eight hundredths of one percent of all the water on earth
is suitable for human use (World Water Council, 2000).  This means in six large pitchers of
the Earth’s water, only one single drop can ever be for us.

When the Romans were constructing their first aqueducts, human population was less
than 3% of what it is today.   Yet we have the same amount of water to drink, wash, cook
and grow food.  The global per capita water consumption has increased constantly with
demand rising for industry, irrigation, recreation and to support ever-rising lifestyle
aspirations of communities everywhere.

More than 31 of the world’s countries currently grapple with a “chronic” water shortage.
Another 17 nations are expected to be added to the list over the next 25 years (Black,
1994).  Most of these will be developing nations whose resources are already deeply
committed while in the developed world we have hardly set a good example.  In a time
where borders are changing and globalisation is remaking the world order, we plumbers are
working with the most global resource and issue of them all - water.

:KDW�GR�ZH�PHDQ�E\�UHJXODWLRQ"

So what is regulation, why do we need it and how can it be achieved?  When I talk of
regulation, I mean a well-established and clearly understood system which sets and
maintains minimum standards of installer competence and product manufacture
underpinned by law.  Many people are wary and struggle to get past a preconceived idea
that regulation is protectionist in its intent and its practice, as well as complex and
unwieldy.  I want to make it very clear that this is not the sort of regulation I am talking
about.  Not some sort of “closed shop” where an industry protects its own interests by
restricting the number of licensees allowed, nor any sort of system that works against
competition.  Such approaches would be unacceptable in most, if not all of the developed
nations and immoral in most of the developing ones.  They would also actually work
against the goals of regulation which I will outline shortly.

But many people may wonder, if the world plumbing community is not looking for
protectionist regulation, then why are we looking for regulation at all?  The primary goal is
to protect public health and safety, and in so doing the environment. That is the bedrock
upon which regulation stands and, in this regard, plumbing is no different to medicine. The
competence of doctors and the manufacture and dispensing of drugs are regulated.
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Like medicine, few in plumbing think regulation will make their life easier.  It can be
structured in such a way to minimise the burden but a burden it will remain.  Despite this,
most plumbers, like doctors still argue for regulation on the basis of its long-term benefits
for the entire community.  Naturally the plumbing industry would benefit from such a
system, but this would be only indirectly and in the long term, as the community regard for
plumbers gains strength and, eventually there is increasing demand among young people to
enter the field.  This can only be in the interest of all people, as ours is a profession making
a significant contribution to the proper functioning of modern society.

The regulation I am advocating here today is self-regulation, open to all. It would be
industry and consumer driven as opposed to control by the State but, to be effective, needs
to be underpinned by law. As with comparable structures of statutory self-regulation to
make it work requires the participation of all interest groups and stakeholders, including:

1.  Consumers - who must be aware of the regulation, motivated to support it and be able to
have input in general terms and specifically about service providers.

2.  Plumbing Operatives - for whom regulation protects the integrity of their license to
operate, and the reputation of their field in the community.

3.  Regulators - who have the responsibility of ensuring the quality of work provided and
products used – today and in the future.

4.  Government – who, I would argue, need to support plumbing industry regulation as a
public health and environmental issue –at both national and local levels.  This involves
providing direction and the simplest, strongest legislative structure possible.

5.  Water Service Providers – the organisations responsible for the complex infrastructure
of water supply and sanitation.  Historically these were almost always publicly owned but
the worldwide trends of globalisation and privatization mean that in many nations these
utilities are now privately owned or at least corporatized, albeit within a government
regulatory system.

To be effective, regulation would also need to reflect very clearly and strongly four key
characteristics:

1.  Clearly focused on each community’s specific needs
2.  Public Health
3.  Environmental responsibility
4.  Industry Management (Statutory Self-Regulation)
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The goals of such a regulatory system would need to be unambiguous and wide ranging,
such as:

Overarching Goals:
• To improve human health by facilitating long term security of high quality water supply

and sanitation for all the people of the world.
• To protect the natural environment.

Key Objectives:
• To facilitate appropriate plumbing skills training in all global communities
• To encourage production of high-quality plumbing products
• To increase efficiency of water use
• To minimise the human impact on the hydrological cycle
• To facilitate community education, knowledge and therefore empowerment

The structure of a regulatory framework is perhaps the most potentially contentious
issue.  The World Plumbing Council, among other groups, believes that to achieve these
goals, regulation must be structured in a three-tier framework: service providers, products
and operatives. I agree with others from within the plumbing community, that each level of
a regulatory system needs to be overseen by an independent, industry focused board.

It is all too often the case that governments are willing to exercise regulatory control at
one level (typically the utilities) but not at one or both of the other levels.  I would argue
that ensuring quality of infrastructure is necessary but by itself only a half measure.
Security in the quality of access and delivery are critical – which means regulating products
and plumbers, too.  Only an integrated framework which is strong in all three tiers can
actually deliver the goals of protection for public health and the environment.  In the
current international atmosphere of increasing globalisation, we would argue that an
inclusive, collaborative approach between nations, not just within them, is needed.

1.  Regulation of Service Provision
The first tier is at the water service provider or utility level and regulation here aims to
guarantee quality and reliability of infrastructure and basic supply.  Virtually all
governments recognise the need for this type of regulation in managing water resources.
Work at this level needs to focus on developing consistency between nation states.

2.  Regulation of Product Certification
The second tier focuses on guaranteeing the quality of the products used in plumbing
systems.  This typically relies on agreed standards (such as the ISO system) and/or codes
against which products are tested.  Assessment is carried out in laboratory and
manufacturing settings and there is usually a badging system under which acceptable
products are “licensed” to carry an endorsement mark.
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Many countries, such as the United Kingdom, have well developed product certification
systems, some have loosely structured or optional systems and some have no regulation at
this level at all.  Work needs to focus on establishing an internationally recognized system
which gives equal priority to environmental responsibility and public health while
promoting cost-efficiency, reliability  and longevity.

3.  Regulation of Plumbing Operation
As this is the least understood and least recognized level of plumbing regulation, I will
discuss it in more depth.  In my view, and that of many others, regulation of plumbing
operatives would involve four key components:

• Licensing (assessed against competency standards, with levels built into the structure)
• Certificates of Compliance and self-certification
• Performance Audits (5% of certified work)
• Enforcement as required

As well as these, the roles of the industry board responsible for operative regulation
must include regular review of standards and codes and supply of information to industry
and the community, underpinned by industry focused training.  This training is a critical
strategy, I believe, in maintaining and sharing the benefits of emerging technology and
knowledge.  At an International Plumbing Conference in 1996, Mike Kefford,
Commissioner, Plumbing Industry Commission, Victoria, Australia drew a distinction
between a plumber claiming 20 years of experience yet really having one year of
experience 20 times.  This may not have been a problem a generation ago but a plumber
operating this way today is not working effectively for him or herself, the customers or the
community.

:K\�5HJXODWH"
The World Plumbing Council believes the main value of regulation lies in its power to

facilitate change.  Establishing an effective regulatory framework would not only facilitate
this change now, but in the long term it would allow the global plumbing industry to be
flexible in the way it serves the future needs of the environment and the human community.

Let’s consider some of the things that good statutory self-regulation would facilitate:

• Effective delegation of responsibility to industry, rather than the State, without
compromising standards or creating further inequity.

• Greater access to cost-effective water supply and sanitation for the billions currently
disadvantaged.

• Increasing consistency of water use between communities and nations.
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• Community-level training for many plumbing roles to enable communities to be self-
reliant.  (The UK charity Water Aid has had many successes with this sort of program,
as have we in Western Australia.)

• Sharing of technology and expertise between local and national communities.

• Frameworks for finding compromise and shared solutions between competing water
claims.

• Greater use of water-efficiency technology.  This is critical as efficiency initiatives
already increase available supply at 25-50% of the cost of new infrastructure.

• Decision making which respects and reflects the shared nature of the human
relationship with water, and the dynamic, far-reaching effect our water-related activities
can have on the health of the environment.

• Continual improvement and upskilling in the plumbing industry, resulting in better
community service.  This offers particular benefit in disadvantaged communities which
would otherwise not be reached by developments in technology or expertise.

• Community and public education towards sound understanding of water resource
management issues.

• And ultimately … greater water security for coming generations.

$�&DVH�LQ�3RLQW

I’d like to look at an example now and make a point about the currently emerging
technologies of grey-water re-use and single residential unit sanitation systems.  These have
enormous potential to radically change the way we manage water in our communities.  As
these become better developed and accepted over the coming few years, they will offer
great benefits through significant efficiencies over current technologies.

Much of the reason that billions of people still live without access to sanitation is that
large scale sewerage systems are extraordinarily expensive to establish, particularly in
existing built environments or remote locations.  In cash-poor countries it has often been
hard to muster the huge political will necessary to provide sewerage systems to the large
numbers of largely disempowered people in rural or marginal urban areas.  Grey-water re-
use and single residential-unit sanitation systems are widely expected to supercede the
current sewerage systems entirely within a matter of years. This means we could avoid this
problem altogether as the alternatives are low cost, flexible and able to provided
incrementally.  They could also minimise the need for expensive external expertise and
facilitate the spending of funds where they are most needed, rather than in large
bureaucracies.
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But neither grey-water re-use nor single residential unit sanitation technologies will be
safe and effective if installed in an unregulated manner.  Training, auditing, compliance and
maintenance will not be difficult but they will all be essential if we are to avoid substituting
a new problem for an old one.

This applies equally to the developed as to the developing world.  We must be able to
ensure that all systems, products and operatives are delivering the safety and environmental
responsibility needed in order to benefit from these or other new technologies.  Regulation
is, quite simply, the only way to do this.

%XVLQHVV�DV�8VXDO

So now that we have covered some of the important gains which would be facilitated by
well conceived and well managed global plumbing regulation, in contrast let’s consider
what we are risking if we continue without it.  This is “business as usual” approach which
the Water and Sanitation Supply Collaborative Council unequivocally describes as
damaging, unjustifiable and unsustainable (Water and Sanitation Supply Collaborative
Council, 2000).  It will lead to:

• Construction of plumbing systems which are inefficient, unsafe and environmentally
irresponsible.  This will only perpetuate and reinforce the current problems.

• Chronic problems in human health.  The list on this is staggering.  It starts with
diarrhoeal disease and moves through more than 50 water borne fatal or debilitating
bacterial and parasitic infections such as river blindness.  Beyond these is the spectre of
pandemics. Poorly conceived water systems raise the risk of frighteningly rapid spread
of emerging, high-mortality disease.

• Incalculable loss of human potential through the death of many and the need of many
more to devote enormous amounts of time and energy to merely obtaining the water to
survive.  This will have the greatest effect on those already experiencing economic and
social disadvantage, especially women (World Health Organisation, 2000)

• Continuation and likely increase of the current gross inequity in water use worldwide.
The good news is that progress is possible and has been made.  The Water and
Sanitation Supply Collaborative Council (WSSCC) points out that in the last 20 years,
over 2.4 billion people have gained access to water supply. But 1 billion more of the
world’s poorest people are still waiting for it.  The picture is less rosy on sanitation -
600 million have gained access but 3 billion are still waiting (Water and Sanitation
Supply Collaborative Council, 2000).
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• Further degradation and contamination of the world hydrological cycle, much of it
irreparable.  Groundwater, wetland and catchment pollution are already major problems
– nearly all the world’s fresh water bodies are contaminated to some degree by
agricultural runoff, sewage, industrial waste and the like. Many are literally
disappearing.

• Increasing discord between groups of people at local, national and worryingly, at
international level.  Many of the world’s most arid and drought-prone areas are also
zones of political and cultural tensions.  The governments in these areas have, to date,
mostly managed to prevent water exacerbating the tension.   Rising populations,
however, brings rising risk of hostility over water use.

&RQFOXVLRQ

Today, while we talk at this symposium, 10 000 human beings will lose their lives to
diarrhoeal disease.  Most of them will be children and each of their deaths is preventable.
The time to be daunted by obstacles is well past.  The longer we wait, the tougher the job
will become.  Currently 2.8 billion people deserve our immediate progress on what has
already become a world crisis in water supply and sanitation – and threatens to become
even worse.

For developed and developing nations alike – clear, practical action makes perfect
economic, environmental, sociological, public health, political and social justice sense.
This is why the World Plumbing Council is advocating the soonest possible global adoption
of an enabling framework, laying the foundation for the plumbing standards and regulations
of the future.  Enforceable codes which are flexible enough to focus on local community
needs and resources – not distant preconceptions.

Such measures have an essential role to play in the immediate improvement in life
expectancy for millions of people in the developing world each year.  They will contribute
towards an increase in worldwide protection against pandemics of disease and towards
protecting and improving the state of the natural environment for generations to come.

10 000 people a day are worth any and all efforts to revolutionize the way we, use,
protect and most importantly share, the all too finite resources of water on Earth.

I thank you for your time, and look forward to our efforts.
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